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EXECUTIVE SUMMARY

Project Description

Bowen Basin Coal Pty Ltd (Bowen Basin Coal) proposes to extend the existing Lake Vermont Mine
by developing the Lake Vermont Meadowbrook Project (the Project), which comprises underground
longwall mining and open cut coal mining of the Leichhardt and Vermont coal seams to the immediate
north of the existing Lake Vermont Mine. The Lake Vermont Mine and the associated Meadowbrook
Project is located approximately 25 km northeast of Dysart and 160 km southwest of Mackay in the
Bowen Basin region of central Queensland.

Available Data

A significant body of regional and site-specific geological and groundwater data was available for the

groundwater impact assessment, including:

1  Published geological mapping;

I  Site-specific geological mapping as well as geological surfaces and structural (fault) data from
the site geological model

Climate data from the SILO data drill for the Project area;

Hydraulic conductivity data from:

0 Slug testing of groundwater monitoring bores at Meadowbrook and Lake Vermont North
(adjacent mining area within the same geology as Meadowbrook); and,

o Packer testing undertaken on seven cored bores within the Meadowbrook underground area.

1  Groundwater data from the Meadowbrook groundwater monitoring bore network as well as the
monitoring network for the adjacent Lake Vermont North (LVN) site, including:

o Groundwater level data; and,

o Groundwater quality data.

Data Assessment and Conceptual Groundwater Model
1  Hydraulic conductivity data is available for all groundwater units that occur at site, with data
available for 80 discrete intervals. From review of the data it is concluded that:

0 A decrease in permeability with depth is apparent for the coal seams, Permian interburden
and Rewan Group sediments;

o0 There is a distinct difference between the hydraulic conductivity of the Tertiary sediments for
bores in the Meadowbrook area compared to bores in the LVN area, with bores in the
Meadowbrook area generally recording a higher hydraulic conductivity. This is consistent
with the general lithology in each area, as has been observed from drilling of geological and
groundwater monitoring bores, that the Tertiary at Meadowbrook is distinctly sandier than the
Tertiary at LVN

1  Groundwater recharge is summarised as:

0 Recharge to the Quaternary alluvium occurs from direct rainfall as well as stream flow events.

The occurrence of groundwater within the alluvium is seasonal, with downward seepage to

underlying Tertiary sediments occurring that results in the Quaternary alluvium being dry for
the majority of the year;

0 Recharge to the coal seams is interpreted to occur where the seams subcrop beneath
Tertiary sediments. Enhanced recharge to the coal seams may occur where the seams
subcrop beneath surface water drainage; this effect has been observed from LVN monitoring
bores adjacent to Phillips Creek
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1  Groundwater occurrence within the Rewan Group and Permian sediments is compartmentalised
by faulting, with major faults (such as the Isaac Fault) completely truncating the sediments of the
Rewan Group and Rangal Coal Measures so that the underlying Fort Cooper Coal Measures
occur beneath Tertiary sediments to the east of the Isaac Fault

1  Groundwater quality is generally poor, with the majority of groundwater monitoring bores at the
Meadowbrook and LVN sites recording a groundwater EC >10,000 uS/cm and in many cases
>20,000 puS/cm. Occurrences of lower EC groundwater (i.e. <4,000 uS/cm) are associated with
groundwater recharge along features such as Phillips Creek and Boomerang Creek. The water
type at the lower EC sites tends to be sodium-bicarbonate water type, rather than the sodium-
chloride water type that is observed in higher EC bores, which supports an assessment of
groundwater recharge at these sites.

1  The groundwater flow direction is generally from west to east, i.e. honouring topography and
flowing towards the Isaac River. The groundwater flow direction within the coal seams will be
generally down-dip from the groundwater recharge areas where the seams subcrop. The
presence of major faults that completely truncate the coal seams will result in the movement of
water within the coal seams towards regions of lower groundwater pressure, which may be
laterally along the fault or upward into overlying groundwater units. The groundwater flow regime
is therefore complex and is best resolved via groundwater modelling.

Groundwater Modelling

Three-dimensional numerical groundwater modelling has been undertaken for the Meadowbrook
Project by SLR Consulting Australia Pty Ltd (SLR) and reported in SLR (2022), with the modelling
report included as Attachment A to this report. The modelling was undertaken using the Olive Downs
Project model (the foundational model 7 Hydrosimulations 2018), which has been expanded over
time to include the Moorvale South Project, the Winchester South Project and the Caval Ridge
Expansion Project. Detailed information on hydrogeological units, hydraulic properties and
groundwater levels was available for each of these projects, which has enabled construction of a
regional groundwater model that includes the major mining projects in the vicinity of the Meadowbrook
and Lake Vermont North (LVN) Projects, thus allowing assessment of cumulative impacts from mining
operations. Assessment of cumulative impacts associated with the approved Bowen Gas Project was
undertaken as a sensitivity analysis for the Olive Downs Project numerical groundwater model
(HydroSimulations, 2018). The Bowen Gas Project targets coal seams within the Rangal Coal
Measures and Moranbah Coal Measures. As the Meadowbrook model uses the same groundwater
model as the Olive Downs Project, results from the Olive Downs Project sensitivity analysis are
equally applicable to the Meadowbrook model. Results of the assessment were presented in
HydroSimulations (2018) and indicate that the assessment of cumulative impacts in the model is
sensitive to the inclusion of the Bowen Gas Project, with cumulative drawdown extents in the Rangal
Coal Measures extending significantly to the east across the model domain with the inclusion CSG
extraction. Cumulative drawdown extents from the Bowen Gas Project were considered conservative
and were predicted to be greater than the impacts produced by the Olive Downs Project alone
(HydroSimulations, 2018).

The model was updated for the Meadowbrook Project to include:

1 Enhanced geological detail (groundwater unit occurrence and elevations, faulting) in the area of
the Meadowbrook and LVN Projects;

1 Inclusion of the Saraji open pit and underground mines to the west of the Meadowbrook Project.
It should be noted that no data were available from these operations at the time of reporting,
therefore the operations were not included to the same level of detail as for other operations
where data sharing agreements were in place. Nevertheless, the updated Meadowbrook model
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includes all known mining operations within the model area and therefore allows assessment of
the cumulative impacts from all known operations in the area.

Observations from Data Assessment and Predictive Groundwater Modelling

Observations from the assessment of available data and predictive modelling include:

il

f

il

At end of mining of the Meadowbrook open cut, the mined void will be partially backfilled with

spoil to create a Arehabilitated pit | andformo tl
15 m below the natural ground surface. Surface water modelling predicts that water which

collects in the depression will result in long-term seepage away from the depression to the

surrounding groundwater system at an average flow rate of ~1.8 L/s (57 M/year). The maximum

salinity of the water which may occur in the depression is predicted to be ~950 mg/L (EC of

~1,460 uS/cm) compared to a mean background EC of the groundwater system of between

~17,500 pS/cm (Tertiary sediments) to ~30,000 uS/cm (Permian sediments).

Quaternary Alluvium:

o0 Within the groundwater model, the only location where the alluvium is permanently saturated
is the Isaac River alluvium (SLR 2022), which is consistent with available data from landowner
groundwater bores (Section 4.6).

0 Itis assessed that the Quaternary alluvium in Boomerang Creek and Ripstone Creek is likely
to be only seasonally saturated, with downward seepage to underlying units resulting in dry
alluvium for the majority of the year.

0 At maximum extent of drawdown the model indicates drawdown in the alluvium near the
confluence of Boomerang Creek and Ripstone Creek, which corresponds with the limit of
drawdown in the Tertiary sediments in this area (i.e., drawdown within the Tertiary sediments
is inducing drawdown in the Quaternary alluvium). As noted above, it is interpreted that the
presence of groundwater in the Quaternary sediments at this location is seasonal, with the
only perennial groundwater in the alluvium occurring along the Isaac River, where drawdown
impacts are not predicted.

0 At post-mining equilibrium it is predicted that the groundwater level will have recovered in the
alluvium; i.e., the groundwater level will re-establish in areas where groundwater existed pre-
mining.

Tertiary sediments:

0 The end of mining and maximum drawdown extent contours extend west-east along
Boomerang Creek, and to the north beneath Ripstone Creek. As it has been observed and
interpreted that the alluvium in these ephemeral creeks is likely to be unsaturated for the
majority of the year (except where isolated pockets of groundwater may occur in the alluvium
following recharge by rainfall or stream flow, which would then seep downwards to the
underlying strata), it is concluded that the Tertiary drawdown contours can be used to indicate
the zone within which any water that does occur within the alluvium would have an enhanced
potential for downward seepage to the underlying Tertiary sediments.

0 At post-mining equilibrium a groundwater mound exists within the Tertiary sediments due to
seepage from the final landform pit landform, which increases the groundwater level in the
Tertiary sediments by approximately 4 m above pre-mining levels in the area of the final
depression.

Rewan Group sediments:
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f

0 The Rewan Group crops out to the west of the Meadowbrook mining area due to the dip of

the strata and is terminated by the Isaac Fault to the west of the mining area. Drawdown
within the Rewan Group is therefore terminated to the west and east of the Meadowbrook
mining area and extends northward to approximately the northern extent of MDL429.

At post-mining equilibrium the groundwater level has recovered to pre-mining levels, except
for the area of the groundwater mound beneath the final rehabilitated pit landform, where the
groundwater level is above the pre-mining level due to seepage from the overlying Tertiary
aquifer.

Leichhardt Coal Seam:

0 Mining-induced drawdown at end of mining is greatest in the central area of underground

mining and at maximum extent of drawdown is centred on the northern underground panels,
with the maximum extent of at the end of mining centred on the underground panels where
mining of the Leichhardt Seam occurs.

At end of mining the 5 m drawdown contour extends approximately 1.2 km north of the
northern underground mining area, extending to approximately 7.5 km at maximum extent of
drawdown. Recovery occurs in the central mining areas immediately post-mining, but
drawdown extends laterally for some time as water is sourced from lateral areas to fill the
central cone of depression.

At post-mining equilibrium the water level in the Leichhardt Seam has fully recovered and a
groundwater mound, approximately 4 m above the pre-mining groundwater level, is centred
on the rehabilitated landform pit of the Meadowbrook open cut. The extent of mounding is
similar to that observed for the overlying Tertiary and Rewan Group sediments.

Vermont Coal Seam:

0 The extent of drawdown at end of mining and maximum extent of mining is similar to that

observed for the Leichhardt Seam. However, the depth of drawdown is greater for the
Vermont Seam due to the greater depth of mining for this unit.

0 At post-mining equilibrium the water level in the Vermont Seam has fully recovered and a

groundwater mound, approximately 4 m above the pre-mining groundwater level, is centred
on the rehabilitated landform pit of the Meadowbrook open cut. The extent of mounding is
similar to that observed for the overlying sediments (Leichhardt Seam, Rewan Group and
Tertiary.

Potential Groundwater Impacts

Potential groundwater impacts from the Meadowbrook Project are summarised as follows:

il

Existing groundwater users i The main areas where there is a potential to impact private bores
is assessed to be to the north, where both the 2 m drawdown contour (for the Tertiary aquifer)
and 5 m drawdown contour (for consolidated strata) extend into private land. While it is noted
that there are no registered groundwater bores within the area of predicted water level drawdown
to the north, it cannot be confirmed that no private groundwater bores exist in this area until a
bore survey is completed.

It is therefore recommended that a bore survey be undertaken for the private property to the
north of the Meadowbrook property, to establish whether any bores exist that are within the area
of predicted groundwater level impact. Should any private bores exist within the predicted water
level impact area, the landowner will need to be approached to establish whether a make-good
water supply agreement is required.
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; and,
The risk to existing groundwater users and mitigation measures be re-assessed as required.

Impacts to Groundwater Quality - Groundwater modelling predicts that a groundwater mound
will develop beneath the rehabilitated pit landform due to the seepage of water constrained within
the landform depression. The mound is predicted to be approximately 4 m above the pre-mining
groundwater level, resulting in radial seepage from the final landform area to the Tertiary
sediments. The predicted rate of seepage from the rehabilitated pit landform depression is
approximately 1.8 L/s (~57 ML/year), with a maximum predicted salinity of the water which may
occur in the depression being approximately 950 mg/L (EC of ~1,460 uS/cm). This compares
to the mean EC of the groundwater system of between ~17,800 uS/cm (Tertiary sediments) to
~ 29,500 pS/cm (Permian sediments). On balance, it is assessed that the seepage of water with
an EC of ~1,460 uS/cm at a relatively low rate of ~1.8 L/s to a groundwater system that has a
background EC of generally >17,000 uS/cm is unlikely to present a significant risk to
groundwater.

Potential impacts to GDEs 1 the extent of 1 m drawdown extends to include mapped HES
wetlands 2, 7, 8, 9 and 10 (Section 6.2.5). HES wetland 9 has been assessed to be surface
feature perched on a clay aquitard that will not be influenced by groundwater drawdown related
impacts. A conceptual model has been developed for HES wetland 8 which indicates the
presence of a perched lens of fresh groundwater lying at depth below the wetland pan. A GDE
monitoring plan will be developed to include HES wetland 8 as the impact of groundwater
drawdown is uncertain and will require ongoing seasonal monitoring to identify if impact to hydro-
ecological function will be incurred. The GDE monitoring program will also be extended to cover
HES wetland 2 and 7 which are likely to be surface features though have not been verified with
field assessment (3D Environmental 2022). At post-mining equilibrium, groundwater modelling
predicts that groundwater levels will recover to an elevation that is above the pre-mining levels
in the area of Boomerang Creek and Phillips Creek to the north and south of the Meadowbrook
mining area, due to ongoing seepage from the rehabilitated pit landform, as described above.

Groundwater Management and Mitigation Measures

It is intended that a Groundwater Monitoring and Management Plan (GMMP) be developed for the
Meadowbrook Project as a combined update of the existing LVN GMP. The GMMP will continue for
the life of the Project and be updated as required. The groundwater monitoring program will include

commitments for:

il
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Locations and frequency of groundwater level and quality monitoring, noting that sampling to
date has occurred at monthly intervals from
network, but will be changed to quarterly intervals once trigger levels have been developed,;

Groundwater quality parameters to be collected and assessed;

The replacement of monitoring bores if/as required,;

The procedure for assessment of data via groundwater level and quality trigger levels;
Mitigation measures for any observed environmental impacts; and,

Data management and reporting.
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1.0 INTRODUCTION
1.1 Project Overview

Bowen Basin Coal Pty Ltd (Bowen Basin Coal) proposes to extend the existing Lake Vermont Mine by
developing the Lake Vermont Meadowbrook Project (the Project), which comprises underground longwall
mining and open cut coal mining of coal seams to the immediate north of the existing Lake Vermont Mine.
The Lake Vermont Mine and the associated Meadowbrook Project is located approximately 30 km northeast
of Dysart and 180 km southwest of Mackay in the Bowen Basin region of central Queensland (Figure 1-1).

The key components of the Project include:

1  underground longwall mining of the Leichardt Lower Seam and Vermont Lower Seam; the depth and
thickness of the coal seams in the Project area means the coal resource can be extracted using
underground mining methods;

an open cut pit to mine the Vermont Seam and Vermont Lower Seam;

development of a new infrastructure corridor linking the new mining area to existing infrastructure at the
Lake Vermont Mine;

1  development of a Mine Infrastructure Area (MIA);

1  construction of a drift and shafts to provide access to underground operations; and

1 development of other supporting infrastructure and associated activities.

The Project involves the extraction and export of up to 7 Mtpa of ROM coal, equivalent to approximately 5.5
Mtpa of metallurgical product coal. The Project addresses the forecast decline in coal output from the Lake

Vermont Mine, by maintaining existing (approved [up to 12 Mtpa ROM]) production levels across an extended
life of the mine. The anticipated extension to the life of the Lake Vermont Mine is approximately 25 years.

1.2 Purpose and Structure of Report
1.2.1 Report Purpose

This Groundwater Modelling and Impact Assessment has been undertaken to address the Terms of
Reference (TOR) for the Project (Queensland Government 2020). The key groundwater-related
requirements are outlined in the following sections of the TOR:

1  Section 7.3 17 Proposed construction and operations (i.e. providing information on the direct and indirect
take of groundwater);
Section 9.4.1 - Groundwater quality
Section 9.4.2 - Groundwater resources; and

Appendix 31 Matters of national significance, which requires discussion of the conceptual and numerical
groundwater modelling undertaken for the Project, as well as assessment of the potential impacts of the
operation on any third-party users of the groundwater resource (e.g. groundwater dependent
ecosystems, landholders, other mining operations etc.).

In summary, the key objectives of the Groundwater Modelling and Impact Assessment are as follows:

1 Describe and map in plan and cross-sections the surficial and solid geology and landforms, including
catchments, of the project area. Show geological structures, such as aquifers, faults and economic
resources that could have an influence on, or be influenc ed by, the projectds

1 Identify and describe the environmental values and characteristics of groundwaters (including seasonal
variation) within the area potentially affected by the Project (on and off-site) and at suitable reference
locations. Define the relevant water quality objectives applicable to the environmental values.

JBT Consulting Pty Ltd
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1 Describe the quality, quantity and significance of groundwater in areas potentially affected by the
Project.

1  Describe present and potential users and uses of water in areas potentially affected by the Project, and

the 6make goodd provisions for water wusers adversel

1 Model and describe the inputs, movements, exchanges and outputs of groundwater that may be affected
by the Project. Undertake model sensitivity analysis and uncertainty analysis.

1  Assess the frequency (and time lags if any), location, volume and direction of interactions between water
resources, including surface water/groundwater connectivity and inter-aquifer connectivity, and provide
input to conceptual models for groundwater dependent ecosystems.

1 Describe the potential impacts (short-term and long-term), including direct, in-direct and cumulative
impacts, of the Project on groundwater (and resultant impact to assets dependent on the resource
including groundwater-dependent ecosystems) at the local scale and in a regional context.

1 Detail the proposed measures to avoid, minimise, mitigate and monitor impacts on environmental values

(including measurable criteria, standards and/or indicators, and corrective actions), and demonstrate
how the relevant environmental objectives and performance outcomes will be met.

The assessment of groundwater is to be undertaken in accordance with applicable guidelines, methods and
legislation referred to in the TOR. This includes the Australian groundwater modelling guidelines (Barnett et
al. 2012), the Independent Expert Scientific Committee (IESC) Information Guidelines for Proponents
Preparing Coal Seam Gas and Large Coal Mining Development Proposals (IESC 2018), and any relevant
IESC Explanatory Notes.

1.2.2 Great Artesian Basin (GAB) Impacts

It is a requirement of the TOR that the Project is assessed for potential groundwater impacts on aquifers of
the GAB. It is noted that the GAB boundary is located approximately 150 km from the closest point of the
Project boundary; therefore, based on groundwater modelling data discussed in Section 5.3, it is concluded
that there will no impact by the Project on groundwater within the GAB.

1.2.3 Report Structure

This report is structured as follows:
1  Section 2 presents and discusses climate data (rainfall, evaporation etc.) for the Project site;

1  Section 3 presents and discusses the regional and local geology, including the geological setting,
stratigraphy, structure (e.g. faulting), and also presents elevation contours for the major geological
surfaces and geological sections to aid the understanding of, for example, the impact of faulting on the
regional geology and the occurrence of the coal resource;

1 Section 4 presents and discusses the available groundwater data, including a description of the
groundwater monitoring bore network, groundwater level and quality data, and hydraulic conductivity
data obtained for the Project. The section also presents the conceptual groundwater model for the
Project.

1  Section 5 presents and discusses the results of numerical groundwater modelling that was undertaken
to assess the rate and extent of groundwater drawdown resulting from the Project and other significant
groundwater users (i.e. cumulative impacts). This modelling was undertaken by SLR (2022), based on
an update to an existing regional groundwater model that included other major mining operations in the
region. The update to the model was based on data obtained for the Project (e.g. updated geological
surfaces, groundwater level data, hydraulic properties)

1  Section 6 discusses the potential groundwater and environmental impacts of the Project, including:

o0 The environmental values (EVs) of groundwater in the area impacted by the Project;
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0 The potential impacts of the Project on existing groundwater users, groundwater quality, GDEs;

and,

0 The cumulative impacts of the Project and other mining operations/sources of groundwater

extraction.

1  Section 7 presents groundwater management and mitigation measures for assessment and mitigation
of environmental impacts that may arise from the Project.

1  Section 8 presents conclusions arising from the Groundwater Impact Assessment.

1.2.4 Reference to Specific Assessment Guidelines

The assessments presented in this report have been undertaken with reference to the following guidelines:

1 Department of Environment and Science 2022, Water - EIS Information Guideline, ESR/2020/5312,
Queensland Government, Brisbane. The guideline contains general requirements for groundwater data
that are used to support an EIS. The general requirements, and the locations where the requirements
are discussed within this report and/or the Groundwater Modelling Technical Report (Attachment A) are

shown below in Table 1-1.

Table 1-1: Report Locations for EIS Information Guideline (Water) Data Requirements

Requirement

Report Section

Groundwater
Technical Report

Groundwater
Modelling Technical
Report (Attachment

A)

Geology, stratigraphy, and geological structures (e.g. faults,

Sections 3.1, 3.3, 3.4,

Section 2.3, 2.3.1

discharge (e.g. springs, or bank storage)

folds) 3.5
Aquifer typed such as confined, unconfined, karst or perched Section 3.3

. . Section 3.3, Figures 3-4, Report Appendix E,
Depth to, and thickness of, the aquifers 3-5, 3.6 Figures E-1 to E-5
The significance of the resource at a local and regional scale Section 4.6
Depth t_o water level, and seasonal changes and long-term Section 4.2.1
trends in levels
Groundwater flow directions (derived from water level .

Section 4.2.2

contours)
Water quality and Environmental Values Section 4.3, 6.1
Hydraulic characteristics Section 4.4 Section 3.4, 3.5
Connectivity between aquifers Section 4.2.1.2 Section 3.2.5
Interaction with surface water, including recharge and Section 3.2, 3.3.1 Section 4.6.2

Recharge and discharge rates

Section 4.5, Section 5.8

Section 2.4.3, 4.6.2

Interaction with groundwater dependent ecosystems Section 6.2.5
Interaction with saline water Not applicable Not applicable
Vulnerability to pollution Section 6.2.7

Any routine injection of water occurring to the aquifer.

Not applicable

Not applicable

Location of potentially affected bores or wells

Bore details such as depth and aquifer tapped, hydraulic
properties from pumping tests, drawdown and recharge at
normal pumping rates, seasonal variations of groundwater
levels (if records exist), use of the bore, and estimate of
volumes extracted.

Section 4.6
Section 6.2.2

If a groundwater model is used to describe the impacts of the
project on groundwater resources, model water balances for
each aquifer to establish the pre-development conditions

Section 3.3 (Calibrated
model

Section 4.2 (Predictive
model)

Describe the monitoring program(s) and sources that provided
the data used in the assessment of existing groundwater
resources

Section 4.0

Potential Impacts to surface water/groundwater interactions,
groundwater impacts from subsidence, impacts to groundwater
supply, cumulative impacts

Section 6.0

Section 4.3, 4.4, 4.5,
4.6
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Report Section

Groundwater
Requirement Groundwater Modelling Technical
Technical Report Report (Attachment
A)
Avoidance and mitigation measures Section 7.0
1  Groundwater monitoring data. To date (September 2023) a total of 24 sampling events for groundwater

level and groundwater quality have been completed for both the Meadowbrook Project and the adjacent
Lake Vermont North (LVN) Project. These data provide a high-quality baseline dataset (refer Section
4.2.1 for presentation and discussion of groundwater level data and Section 4.3 for presentation and

discussion of groundwater quality data), with data collected and assessed in accordance with the

following guidelines:

(0]

ANZG 2018, Australian and New Zealand guidelines for fresh and marine water quality, Australian
and New Zealand Governments and Australian state and territory governments, Canberra,
Australian Capital Territory.

Department of Science Information Technology and Innovation 2017. Using monitoring data to
assess groundwater quality and potential environmental impacts, Queensland Government,
Brisbane.

Department of Environment and Science 2017, Model mining conditions, ESR/2016/1936,
Department of Environment and Science, Brisbane.

Water quality objectives (WQO6s) for groundwater
Wetland Biodiversity) Policy 2019 and associated Fitzroy Basin Groundwater Zones (WQ1310).
Department of Environment and Science 2018, Monitoring and sampling manual, Environmental
Protection (Water) Policy, Department of Environment and Science, Brisbane.
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1.3 Available Data

Data used for this study includes:
1  Published geological mapping, including:
o 1:100,000 scale surface geology and ;
o Bowen Basin solid geology at 1:500,000 scale (Sliwa et al. 2008)

1 A modified solid geology map of the project area, compiled from geological data from the mining area
(Minserve 2017);

Geological surfaces from the mine geological model;
Fault data from the mine geological model;

Climate data from the SILO data drill for the Project area;

= =4 =4 =4

Hydraulic conductivity data from:

0 Slug testing of groundwater monitoring bores at Meadowbrook and Lake Vermont North (adjacent
mining area within the same geology as Meadowbrook); and,

o Packer testing undertaken on seven cored bores within the Meadowbrook underground area.

1 Groundwater data from the Meadowbrook groundwater monitoring bore network as well as the
monitoring network for the adjacent Lake Vermont North site, including:

o Groundwater level data; and,
o Groundwater quality data.

1  Groundwater modelling undertaken for the Project (SLR 2022).
2.0 CLIMATE DATA

2.1 Rainfall Data

Monthly rainfall data for the Meadowbrook Project area has been obtained. from the Queensland Department
of Resources (DoR) SILO Data Drill (Jeffrey et al. 2001). The Data Drill accesses grids of climate data
available from surrounding BoM point observations and then creates interpolated climate values for the
requested location. The SILO climate data was obtained for coordinates that correspond to the approximate
centre of the Project area. Monthly rainfall data for the period from January 2002 to October 2021 is
presented in Figure 2-1. The data has been analysed to provide a rainfall residual mass (RRM) curve, which
is also plotted on Figure 2-1. The RRM is calculated by subtracting the long-term average monthly rainfall
from the actual mont hly rainfall, to provide a monthl
rainfall is above average the resulting rainfall departure number is positive, whereas if rainfall is below
average, the number is negative. The monthly rainfall departures are summed cumulatively to provide the
RRM. A number of below-average rainfall months will result in a falling RRM curve, while a number of above
average rainfall months will result in a rising RRM curve. The RRM curve is used extensively in groundwater
investigations due to the strong correlation at many locations between the RRM and groundwater level
trends, especially for areas where groundwater recharge is occurring due to rainfall.
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Figure 2-1: Monthly Rainfall Data and Rainfall Residual Mass Curve

2.2 Climograph

The climatic description of the region in which the Meadowbrook Project is located has been compiled using
data from the SILO Data Drill (Jeffrey et al. 2001). Summary data for rainfall and evaporation is shown in
Table 2-1 and indicates that:

1 Mean annual rainfall for the model area is approximately 559 mm; and,
1 Mean annual evaporation is approximately 2070 mm and exceeds rainfall for every month of the year.
The data has been utilised to produce a climograph for the model area (Figure 2-2), which shows that:

1 rainfall is highly seasonal, with the dry season from April to September-October, and a wet season from
October-November through to March;

1 evaporation is highest in summer and lowest in winter, with the greatest differential between rainfall and
evaporation (i.e. when rainfall is less than 25% of evaporation) occurring between the months of April and
November;

1 The coldest month of the year is July, with a mean minimum temperature of 8.5 °C and a mean maximum
temperature of 23.5 °C; and,

1 The hottest month of the year is January, with a mean minimum temperature of 21.6 °C and a mean
maximum temperature of 33.6 °C.
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Table 2-1: Average Monthly Rainfall and Evaporation*

Month Average Rainfall (mm) Average Evaporation (mm)
January 102.7 223.3
February 90.4 181.7

March 63.8 187.5

April 29.6 150.5
May 25.3 120.2
June 27.5 97.4
July 20.3 107.1
August 174 136.6
September 15.1 177.3
October 30.6 218.1
November 53.1 229.2
December 83.1 241.2
Total 558.9 2070.1

* SILO Data i data for the period 1900 to 2021
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Figure 2-2: Climograph for the Meadowbrook Area
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3.0 REGIONAL AND LOCAL GEOLOGY & HYDROGEOLOGY

3.1 Regional Geological Setting & Structure

The following paragraph is a precis of the regional geological structure presented in Minserve (2017). The
Project lies on the western limb of the Bowen Basin, a north-south trending retro-arc basin that extends more
than 250 km north to south and up to 200 km west to east. The Project is located at the eastern end of the
Collinsville Shelf, which is characterised by a thin accumulation of sediments, gentle easterly dips and minor
structural deformation. The eastern boundary of the Colinsville Shelf occurs at the Isaac Fault, a major thrust
fault which has throws of 150 to 400 m in the Project area. To the east of the Isaac Fault occur intensely
folded and faulted sediments (Fort Cooper Coal Measures and Rangal Coal Measures) of the 2 to 3 km wide
Isaac Block. The Isaac Block is flanked to the east by another major thrust fault, with sediments to the east
occurring in a block known informally as the Central block. A third large thrust fault, with a throw of ~300 m,
marks the eastern edge of the Central block. To the east of the third thrust fault occur subcropping sediments
of the Rangal Coal Measures and overlying Rewan Group, within a fourth structural block known as the
Eastern block.

The relationships discussed above can be observed from the solid geology of the Project area, which is
shown below in Figure 3-1. The solid geology map is prepared by removing the Cainozoic (Quaternary and
Tertiary) cover sediments, revealing the faulted relationship between the underlying Permian and Triassic
rocks of the Project area. Figure 3-1 is based on the Bowen Basin solid geology of Sliwa et al. (2008), but
has been modified by the Project geologists (Minserve) based on geological drilling and interpretation within
the Project area.

Within the Project area the Permian and Triassic-age sediments of the Bowen Basin are overlain by a veneer
of unconsolidated to poorly consolidated Cainozoic sediments. The surface geology for the Project area is
shown in Figure 3-2. The detail shown in Figure 3-2 is based on 1:100,000 scale digital geology) of the
region and project area, indicating areas where Cainozoic sediments overlay the Permo-Triassic Bowen
Basin sediments.

Both Figure 3-1 and Figure 3-2 show the locations of geological sections (two west-east sections that have
been oriented across strike and one north-south section that has been oriented through the central area of
the proposed underground mining. The west-east sections are shown in Figure 3-7 and the north-south
section is shown in Figure 3-8; the sections have been prepared to assist understanding of the stratigraphic
and structural relationships that are discussed further in the sections below.
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3.2 Topography and Surface Drainage

The majority of the Meadowbrook Project is located within a broad, flat floodplain between Phillips Creek and
Boomerang Creek (Figure 3-3). The drainage lines of Boomerang Creek and Ripstone Creek are separated
by a topographic ridge that is 10-15 m higher than the ground elevation at the creeks. The topography slopes
relatively gently from west to east towards the Isaac River, with Boomerang Creek recording an elevation
change of approximately 15 m over 15 km through the mining area, a surface gradient of ~0.001.

The main surface drainage features within the Project area, including Ripstone Creek, Boomerang Creek,
Phillips Creek, the Isaac River, are ephemeral. Where monitoring data exists the Quaternary alluvium
associated with the creeks is generally dry, with the water table being developed generally within the Tertiary
sediments (Section 4.2.1.1). The only area where permanent groundwater within the Quaternary alluvium is
interpreted is within the alluvium of the Isaac River, which is supported by the presence of private

groundwater bores that are constructed within the Isaac River alluvium (Section 6.2.6).
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Figure 3-3: Surface Topography and Drainage

JBT Consulting Pty Ltd



January 2024 -13- JBT01-076-006

3.3 Regional and Local Stratigraphy

The regional stratigraphy of the Bowen Basin contains a number of lateral equivalents which are referred to
by different names in the northern and southern areas of the Bowen Basin. The stratigraphic relationship is
summarised below in Table 3-1. The local stratigraphy of the Project area is discussed in the sections below.

Table 3-1: Bowen Basin Regional Stratigraphy

Formation
Age Group - -
Southern Bowen Basin Northern Bowen Basin
Quaternary Alluvium Alluvium
. Alluvium Alluvium
Tertiary - - - -
Duaringa Formation Duaringa Formation
L Arcadia Formation Arcadia Formation
Triassic Rewan Group . .
Sagittarius Sandstone Sagittarius Sandstone
Rangal Coal Measures Rangal Coal Measures
Burngrove Formation
Late Blackwater - ) Fort Cooper Coal Measures
. Fairhill Formation
Permian Group - -
MacMillan Formation
- Moranbah Coal Measures
German Creek Formation
Middle Back Creek . . .
. Ingelara Formation Blenheim Formation
Permian Group

3.3.1 Cainozoic (Quaternary and Tertiary) Sediments

The thickness of Cainozoic sediments, which occur across the entire Project area, is highly variable, ranging
from 2 to 80 m and averaging 26 m (Minserve 2017). The Cainozoic sediments mainly comprise alluvial
sands, clayey sands and clays, with a basal layer in some locations of sand and gravel, which are interpreted
to be prior channels of the various creeks (Minserve 2017). The thickness of Cainozoic sediments within
the Project area is show in Figure 3-4 Plot A, based on information contained in the site geological model.
In MDL303, gradually thickening through the southern part of MDL429 (generally the area to the south of
Boomerang Creek) to 351 45 m. In the northern area of MDL 429 and MDL 3001 (generally the area to the
north of Boomerang Creek) the Cainozoic thickness increases to more than 60 m, with the area of greatest
thickness associated with a topographic high that is north of Boomerang Creek and south of MDL 3001
(Minserve 2017 i refer Figure 3-4, Plot A for Cainozoic thickness contours and Figure 3-6, Plot A for
topographic contours).

It has also been observed from geological drilling data and groundwater hydraulic data (Section 4.4.4) that
the Tertiary sediments are generally sandier (and therefore have higher hydraulic conductivity) in the area
within MDL 429 (and the vicinity of Boomerang Creek) than the area to the south (the area within ML70528
and adjacent to Phillips Creek, where the generally finer-grained Tertiary sediments of the Duaringa
Formation occur). Itis important to note that this observation relates mainly to the Tertiary sediments, as the
thickness and extent of Quaternary alluvium that is associated with Phillips Creek tends to be greater than
the interpreted thickness and extent of Quaternary alluvium that is associated with Boomerang Creek. The
following additional observations are made with respect to the Quaternary alluvium that occurs within the
Project area:

1 Figure 3-2 shows the extent of Quaternary alluvium at 1:100,000 scale. For the majority of rivers/creeks
shown on Figure 3-2 the alluvium extent is from the mapped 1:100,000 scale digital geology (Grosvenor
Downs sheet). The exception is the extent of Quaternary alluvium that is shown for Boomerang Creek,
as there was no alluvium shown for Boomerang Creek on the Grosvenor Downs 1:100,000 scale
geological sheet.
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1 Although Boomerang Creek is assessed to be a minor surface drainage system (e.g. compared to Phillips
Creek which a more developed and deeply incised system and it is perhaps for this reason that the
Boomerang Creek alluvium was not mapped at 1:100,000 scale), it is still interpreted that there is recent
(Quaternary) alluvium associated with Boomerang Creek. As such, an attempt has been made for this
report to delineate the extent of the Boomerang Creek alluvium, based on interpretation of data from the
following sources:

0 Geological and groundwater drilling data in the area of Boomerang Creek;
o Detailed aerial photography flown for the Project area by Jellinbah Resources; and,

0 Landsat 7 enhanced thematic mapper (ETM) infrared imagery (Earth Explorer 2001). Infrared
imagery can be useful for delineating current and prior alluvial channels, although the degree to
which the method can provide useful data can be dependent on the moisture content of the ground
relative to the acquisition time of the image. This is due to the differential drainage rates of sandy
channel sediments relative to finer-grained flood-plain deposits, with moister, clay-rich sediments
having a lower infrared reflectance than sandier (well-drained and therefore drier) sediments; recent
rainfall/inundation will enhance the effect described above (Morrison & White, 1976).

1 From review of geological/ groundwater drilling data in the area of Boomerang Creek, it is observed that
the Cainozoic sediments in this area are relatively sandy and that, as such, it is not possible to reliably
determine the delineation between recent (Quaternary) alluvium and older (Tertiary) alluvium from prior
channels/floodplain deposits. It is also noted that, because there is no silty/clayey base to the sandier
recent alluvial deposits, other techniques (e.g. geophysics) would be unlikely to provide a reliable
demarcation of the boundary between recent and older alluvial sediments. The challenge of picking the
boundary between Quaternary alluvium and Tertiary sediments is evident from a number of bore logs for
groundwater bores adjacent to Boomerang Creek (bore construction logs for groundwater Meadowbrook
monitoring bores are included in Attachment B). Bores discussed include:

0o Bore W4_MB1 (alluvium) and Bore W4_MB2 (Rewan Group). From review of the bore log for
W4_MB2 (which contains the entire Cainozoic sequence), the zone from surface to 14 metres below
ground level (mbgl) could potentially be logged as Quaternary alluvium (3 m of clay, sand from 3 to
14 mbgl), with the base of Tertiary logged at 37 mbgl. However, the interval between 14 and 37
mbgl is an alternating sequence of sand and clay and it is possible that the majority of the sequence
comprises Tertiary sediments with a very thin veneer of Quaternary. It is not expected that the
Quaternary sediments would be very thick at this location due to the shallow creek bed encouraging
relatively wide distribution of water during creek flow rather than constraining flow to a high-energy,
well defined stream bed where deposition of sand-sized grains rather than fine-grained silts/clays
could be expected to occur.

o Bore W3 _MB1 & MB21 at this site sand is logged from ground surface to the base of Tertiary sands
at 26 mbgl; there is nothing in the drilling log to indicate the boundary between Quaternary and
Tertiary sand at this site;

o Bore W14 _MB1 & MB21 at this site, apart from the top 1 m that is logged as soil, sand occurs from
1to 13 mbgl. From 13 to 43 mbgl there occurs an alternating sequence of clay and sand, with a
depth to base of Tertiary logged at 43 mbgl. At this site, where the shallow bore (MB1) screens the
Tertiary sand from 15 to 18 mbgl (just below the interpreted base of Quaternary at 13 mbgl), the
water level is generally ~14 mbagl, i.e. just below base of alluvium and the electrical conductivity (EC)
is < 1,000 uS/cm (the least saline water at site). Groundwater level data is discussed further in
Section 4.2 and groundwater quality data is discussed further in Section 4.3)

1 Based on interpretation of available data, it is concluded that:
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0 The geomorphic characteristics of Boomerang Creek (e.g. shallow/narrow creek bed) suggest that
the alluvium within Boomerang Creek would be relatively shallow (generally in the range of several
metres thickness), though the thickness of alluvium is interpreted to extend up to 14 m in some areas.
At some locations the sand can be up to 26 m thick from surface and, while it is not possible to
accurately determine the interface between Quaternary and Tertiary sand, it is concluded that the
majority of thickness is likely to be Tertiary age;

0 The regional watertable is generally developed in the Tertiary sediments below the base of alluvium,
and the alluvium is likely to be seasonally saturated following direct rainfall recharge and especially
following flow events in Boomerang Creek that will provide more direct recharge to the alluvium.

3.3.2 Triassic Rewan Group

The Sagittarius Sandstone, the basal formation of the Rewan Group, occurs beneath Cainozoic sediments
over much of the Project area. The unit is up to 300 m thick (refer Figure 3-4, Plot B) and comprises greyish-
green sandstone, siltstone and mudstone. The unit is differentiated from sediments of the underlying Rangal
Coal Measures by the greenish tinge of the sediments and also by the presence of a 1 to 3 m thick mudstone
that is dark in colour and has a high natural gamma count, which acts as a regional stratigraphic marker for
the base of Rewan (Minserve 2017). The upper part of the Rewan Group comprises reddish-brown
mudstones and greyish-green sandstone, siltstone and mudstone of the Arcadia Formation, though this unit
is absent (due to weathering) over most of the Project area. The areas where the Rewan Group exists within
the Project area relative to other units and faults are shown in the solid geology figure (Figure 3-1), with
contours for the base of Rewan Group shown in Figure 3-6, Plot C. The west east sections (Figure 3-7) and
north-south section (Figure 3-8) demonstrate the structural controls on the occurrence of Rewan Group
sediments.

Despite being referred to as the Sagittarius fASands:

conductivity data for this formation (Section 4.4) confirms that the unit has a low hydraulic conductivity within
the Project area (refer Section 4.4) and is more appropriately conceptualised as a low permeability unit.

3.3.3 Rangal Coal Measures

The Late Permian Rangal Coal Measures are coal-bearing sediments that contain the target coal seams for
the Meadowbrook Project (Leichhardt Lower and Vermont Lower seams).  Within MDL 429 the dip of the
coal seams is relatively steep (~ 5° to 10° in the west near the subcrop line), but the dip flattens out to the
east as shown in the west-east geological sections (Figure 3-7). In descending stratigraphic order the coal
seams comprise:

1 Phillips Seam, which generally comprises < 1 m thickness of inferior coal, but which is useful as a
stratigraphic marker (Minserve 2017). Elevation contours for the base of Phillips Seam are shown in
Figure 3-6, Plot D;

1 Leichhardt/ Leichhardt Lower Seams i the Leichhardt Seam thins and deteriorates north of Phillips Creek,
with the Leichhardt Lower Seam appearing suddenly within MDL 429 as two thin, clean coal seams that
coalesce to the north to form one seam of 2.5 to 4 m thickness (Minserve 2017). The limit of mineable
coal in the Leichhardt Lower seam can be seen in Figure 3-1 and Figure 3-2 from the location of the
longwall panels for mining of the Leichhardt Lower (LHL) seam. The depth of cover to the top of the
Leichhardt Lower Seam is shown in Figure 3-5 (Plot A). Elevation contours for the base of the Leichhardt
Lower (LHL) Seam are shown in Figure 3-6, Plot E;

1 Vermont/ Lower Vermont seam, which is the principal commercial seam mined in the Project area. The
Vermont Seam comprises two relatively minor upper plies (VU1 and VU2), which have split away from
the two plies of the Vermont Lower Seam (VL1, VL2), where the thickness of the two seams combined
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within MDL 303 and MDL 429 (the Meadowbrook mining area) is in the order of 3 m. The Vermont Seam
occurs at a depth of ~100 mbgl in the southwest of the mining area where the seams subcrop (i.e. the
area of the proposed Meadowbrook open cut (Figure 3-1, Figure 3-2) but deepens significantly to the
north east of the underground area where the depth to the base of the VL2 seam occurs at a depth of
~500 mbgl. The depth of cover above the Vermont Upper Seam is shown in Figure 3-5 (Plot B). Elevation
contours for the base of the Vermont 2 lower seam (VL2) are shown in Figure 3-6, Plot E.

The west-east geological sections (Figure 3-7) and north-south geological section (Figure 3-8) show the
relationship between the Rangal Coal Measures and overlying and underlying units, and also demonstrate
how the Rangal Coal Measures truncate against the Isaac Fault, which forms an eastern limit to underground
mining.

3.3.4 Fort Cooper Coal Measures

The Late Permian Fort Cooper Coal Measures stratigraphically underlie the Rangal Coal Measures (Table
3-1); the unit subcrops beneath Tertiary sediments within the Project area due to either the dip of the strata
(western area of the Project) or due to faulting (e.g. east of the Isaac Fault i refer Figure 3-1). The uppermost
coal seam in the Fort Cooper Coal Measures in the MDL 429 area is the Girrah Seam, which subcrops to
the west of the Rangal Coal Measures subcrop line (Figure 3-1). A number of groundwater monitoring bores
are screened within the Girrah Seam, (as discussed further in Section 4.1).

3.4 Weathering

Based on information from exploration drilling the base of weathering ranges from 22 to 90 m and averages
45 m depth (Minserve 2017). The base of weathering is generally below the base of Tertiary, as shown in
the geological sections (Figure 3-7, Figure 3-8).

3.5 Local -Scale Structure and Intrusives

The coal resources for the Meadowbrook Project occur within a slightly asymmetric, north-northwest trending,
north plunging synclinal structure where the coal measures crop out at the west due to the dip of the strata,
but which are truncated to the east by the Isaac Fault (Figure 3-1, Figure 3-7).

Within MDL 303 and MDL 429 a number of local-scale faults have been mapped from seismic and drilling
data, with the locations of these faults shown in Figure 3-1. These faults can be significant in terms of the
deposit geology where the throws of the faults are in the order of 10-15 m and therefore have the potential
to completely offset the coal seams. As the coal seams tend to be the conduits for groundwater flow in the
Permian sediments, these faults also have the potential to disrupt groundwater flow; this is discussed further
in Section 4.2.

The presence of intrusive dykes is inferred in some locations within of the Project area, based on the
presence of coked coal which is inferred to be related to heating by magmatic fluids that are associated with
the intrusives (Minserve 2017). To date the locations of inferred dykes have not been mapped, therefore
the presence of dykes has not been considered in terms of impacts on groundwater occurrence and flow.
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4.0 GROUNDWATER DATA & ANALYSIS

4.1 Groundwater Monitoring Bore Network

Available groundwater data is presented and discussed in this report from the groundwater monitoring bore
networks at Meadowbrook, as well as the network from the Lake Vermont North site immediately to the
south. The locations of groundwater monitoring bores are shown in Figure 4-1. From Figure 4-1 it is evident
that the groundwater system in the Meadowbrook/LVN area is compartmentalised by faulting and the dip
of the strata into discrete hydrogeological domains. The bore network was therefore designed to provide:

1 Spatial coverage across the groundwater domains present in the Meadowbrook/ LVN area;
1 Coverage of all groundwater units present at site;

9 Vertical coverage of different groundwater units at each location, to establish variability in groundwater
quality and water level that can be used to provide information on groundwater recharge and the vertical
direction of groundwater flow. Vertical discretisation at individual monitoring locations has been
achieved via a combination of:

o0 Standpipe monitoring bores that are screened in different groundwater units; and,

o Vibrating wire piezometer (VWP) bores, which monitor up to four discrete vertical intervals within
the same borehole.

Summary construction details for the monitoring bores are provided in Table 4-1 (Meadowbrook monitoring
bores) and Table 4-2 (Lake Vermont North monitoring bores). Groundwater level data from the monitoring
bores is discussed in Section 4.2 and groundwater quality data is discussed in Section 4.3. Hydraulic
testing data obtained from the groundwater monitoring bores and other groundwater investigation bores is
discussed in Section 4.3.4.
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Table 4-1: Summary Details for Groundwater Monitoring Bores - Meadowbrook
Site Bore ID Groundwater Unit Easting | Northing | Collar RL Bore Slotted Interval Gravel Pack Interval
ID (AGD84) | (AGD84) (mAHD) Depth (m) From (mbgl) To (mbgl) From (mbgl) To (mbgl)
W1 MB1 Tertiary sediments 637914 7531373 187.09 45.5 43.6 45.1 42.6 45.1
1 W1 MB2 Leichhardt Lower Seam 637916 7531372 187.06 84 81.75 83.25 80.75 83.25
W1 MB3 Vermont Seam 637919 7531372 187.18 124 122.5 124 121.5 124
5 W2_MB1 Tertiary sediments 637368 7531452 187.92 42 34 40 33 40
W2_MB2 Girah 1 Seam 637370 7531452 187.93 110 104 110 103 110
3 W3_MB1 Quaternary alluvium 640470 7529435 176.80 12 9 12 8 12
W3_MB2 Tertiary sediments 640468 7529435 176.20 41 35 41 34 41
4 W4_MB1 Quaternary alluvium 638172 7528735 179.00 12 9 12 8 12
W4 _MB2 Permian overburden 638169 7528735 179.25 60 54 60 53 60
W5_MB1 Rewan Group 638387 7527823 181.15 50 44 50 43 50
5 W5_MB2 Leichhardt Lower Seam 638385 7527820 181.16 71 69.5 71 68.5 71
W5_MB3 Vermont Seam 638384 7527817 181.14 113 111.5 113 110.5 113
6 W6_MB1 Permian overburden 637758 7527892 179.85 56 50 56 49 56
W6_MB2 Girah 1 Seam 637761 7527893 179.95 77 75.5 77 74.5 77
7 W7_MB1 Permian overburden 637484 7526145 180.69 60 54 60 53 60
8 W8_MB1 Girah 1 Seam 639306 7523618 177.67 60 54 60 53 60
W9_MB1 Tertiary sediments 640953 7524117 177.46 22 19 22 18 22
9 W9_MB2 Vermont Upper Seam 640953 7524119 177.42 44.8 42.5 44 41.5 44.8
W9_MB3 Vermont Lower Seam 640952 7524121 177.42 71 64.5 70.5 63.5 71
W10_MB1 Rewan Group 641869 7524259 177.00 28 22 28 21 28
10 W10 _MB2 Vermont Upper Seam 641869 7524259 177.00 91 88.5 90 87.5 91
W10 _MB3 Vermont Lower Seam 641869 7524261 177.00 119.65 116.65 119 115.65 119.65
11 W11 _MB1 Rewan Group 643941 7524860 174.42 120 114 120 113 120
W11 _MB2 Leichhardt Seam 643943 7524861 174.27 139 133.5 135 132.5 139
12 W12_MB1 Tertiary sediments 643268 7530165 166.80 60 54 60 53 60
13 W13_MB1 Vermont Lower Seam 645381 7530927 166.80 46.5 43.5 46.5 42.5 46.5
W13_MB2 Girah 1 Seam 645379 7530927 166.80 88 82 88 81 88
14 W14 MB1 Tertiary sediments 645373 7528515 166.80 20 15.6 18.6 14.6 18.6
W14 _MB2 Permian Coal Seam 645375 7528515 167.80 68 65 68 64 68
W15_MB1 Tertiary sediments 649009 7527504 163.50 23 17 23 16 23
15 W15 MB2 Vermont Upper Seam 649009 7527504 163.50 60 58.5 60 57.5 60
W15_MB3 Vermont Lower Seam 649009 7527504 163.50 105 102 105 101 105
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Table 4-2: Summary Details for Standpipe Groundwater Monitoring Bores - LVN
: . Eastin Northin Collar RL Bore Depth Screened Interval (mbgl
Site ID Bore ID Groundwater Unit (AGDSA%) (AGD84§ (MAHD) (m) P From (To gl)
1 West-MB1 Tertiary 642872 7519929 183.97 30 27 30
West-MB2 Permian Coal Measures 642873 7519932 183.97 80 74 80
2 2183-VWP* Permian coal measures 644068 7520358 185.16 96 40, 61, 71, 83**
2371W-MB1 Tertiary 643131 7521947 178.92 22 16 22
2226-MB2 Rewan Group 643134 7521947 178.68 38 32 38
3 2226-MB3 Permian (Leichhardt Seam) 643133 7521950 178.68 59 53 59
2006-vwp+ | Rewan Group, Permiancoal | 544159 | 7521950 | 178.84 102 38, 56, 74, 94+
measures
4 2394-MB1 Upper Rewan Group 644898 7522962 173.8 30 24 30
2394-MB2 Lower Rewan Group 644895 7522962 173.8 123 117 123
2369W-MB1 Tertiary 645524 7522752 173.4 20 14 20
2218-MB2 Rewan Group 645526 7522756 173.17 65 59 65
5 2218-MB3 Permian (Leichhardt Seam) 645523 7522754 173.17 88 85 88
2218-vwp+ | Rewan Gl';?ggé&grsm'a“ coal |\ 45506 | 7522753 | 173.29 147 65, 86, 116, 137*
2393-MB1 Rewan Group 645696 7523043 173.07 30 24 30
6 2393-MB2 Permian (Leichhardt Seam) 645694 7523043 173.07 41 38 41
2393-MB3 Permian (Vermont Seam) 645691 7523043 173.07 96 90 96
2370W-MB1 Tertiary 648037 7523878 168.3 18.6 12.6 19
7 2375-MB2 Permian (Vermont Seam) 648042 7523874 168.18 68 65 68
2375W-VWP* Permian coal measures 648040 7523865 168.36 82 50, 67.5, 78**
2372-MB1 Tertiary 647520 7526012 166.75 30 24 30
8 2372-MB2 Rewan Group 647519 7526010 166.75 46 40 46
2372-MB3 Permian (Vermont Seam) 647518 7526008 166.75 129 123 129
2372R-VWP* Permian coal measures 647515 7526007 166.91 136 73, 93.5, 108, 125**
9 1235C-VWP* Permian coal measures 649799 7522054 170.81 115 58, 72, 90, 107**
10 1238-MB1 Tertiary 650671 7522741 165.52 30 24 30
1238-MB2 Permian (Vermont Seam) 650670 7522744 165.52 59 53 59

* VWP = Vibrating Wire Piezometer Bore
**  Depth below ground surface of VWP sensor (up to 4 in each bore)
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4.2 Groundwater Level s and Flow Direction

4.2.1 Groundwater Levels

4.2.1.1 Depth to Water Table

The groundwater level in Cainozoic (Quaternary and Tertiary sediments) for bores in the Meadowbrook

and LVN Project areas is shown in Figure 4-2, which includes the following data:

il

The base map shows elevation contours (mAHD) of the Tertiary sediments (i.e. RL base of Cainozoic
sediments);

The bore symbol colours show whether the Cainozoic sediments contain groundwater or else are dry;

The colour of the bore number text shows whether the bore is a Quaternary sediments bore or a Tertiary
sediments bore;

The red text shows the standing water level as metres below ground level (mbgl) at each location. In
the case of dry bores, the text shows the minimum depth to water based on the depth of the bore, and
notes that the bore is dry (i.e. the water level at this site is below the base of Tertiary and must occur at
some depth below the base of bore);

The green text shows the saturated thickness of sediments at each location. For Tertiary bores the
number shown represents the water level above the base of Tertiary sediments. For Quaternary bores,
the number show represents the water level above the interpreted base of Quaternary alluvium (e.g. at
site W3, where bore MBL1 is screened in the Quaternary alluvium and bore MB2 is screened in the
underlying Tertiary sediments);

From review of the data shown in Figure 4-2 the following observations are made:

1

At site W3, which is adjacent to Boomerang Creek, the groundwater level in the Quaternary alluvium is
perched above the groundwater level in the underlying Tertiary sediments. This supports an
assessment that the regional groundwater level is below the base of the alluvium and that the alluvium
is likely to become dry during extended dry periods as water seeps into the underlying Tertiary
sediments;

Even for bores that are adjacent to the ephemeral creeks in the Project area (Boomerang Creek and
Phillips Creek) the regional groundwater level (i.e. the water level in the Tertiary sediments) occurs at a
significant depth below ground level;

The above two observations support a conclusion that ecosystems adjacent to Boomerang Creek and
Phillips Creek are unlikely to be groundwater dependent, or at least that any reliance on groundwater
would be limited to seasonal availability of perched water within the shallow Quaternary alluvium;

In the southern region of the Project area, where elevation of base of Tertiary sediments is relatively
high (>RL160 mAHD, as shown by blue contour shading) the Tertiary sediments are either dry or contain
a relatively small saturated thickness (i.e. ~5 m saturated thickness of groundwater above base of
Tertiary); and,

In the north of the Project area where the elevation of base of Tertiary sediments is relatively low
(<RL140 mAHD, as shown by brown and green contour shading) the saturated thickness of Tertiary
sediments increases to ~20 m or greater.
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Figure 4-2: Depth to Water Table and RL Base of Tertiary Contours

4.2.1.2 Analysis of Bore Hydrographs

Groundwater level data for each of the groundwater monitoring sites shown in Figure 4-1 is shown in Figure
4-3 to Figure 4-6 (Meadowbrook bores) and Figure 4-7 to Figure 4-9 (LVN bores). Data is presented as
hydrographs for all bores at each site (e.g. where a site contains nested bores in the Tertiary sediments,
Rewan Group, Permian coal seams etc.) to allow assessment of the potential for vertical groundwater flow
direction at each site. From this data it is observed that:

1 The groundwater level trend over the period for which data is available is consistent, i.e. the water level
is relatively flat and there is no evidence to date of water level variation that could be attributed to either
groundwater extraction (from bores), groundwater flow to the Lake Vermont open pit, or groundwater
recharge. An exception is site W11 (Figure 4-5), where the water level in bore W11-MB1 recorded a
significant decrease, followed by a slow recovery (approximately 9 months) towards the initial
groundwater level. It is noted that this bore was re-developed at the time when the water level
decreased. During field testing of hydraulic conductivity at this site (Section 4.4.2) it was noted that the
water level did not change once the slug was introduced, remaining at the same level for the 5 hours
that the bore was observed. No construction issues were noted for this bore; therefore, the slow rate of
recovery may be indicative of an extremely low hydraulic conductivity for this site.

1 The groundwater flow direction is generally downward (i.e. there is a potential for downward flow from
the Tertiary sediments to the underlying sediments) at the following locations - Meadowbrook Site 4
(Figure 4-3) and LVN sites 3 and 5 (Figure 4-7) and sites 6, 7 and 10 (Figure 4-8);

JBT Consulting Pty Ltd



January 2024 -28 - JBT01-076-006

1 The groundwater level is similar in all monitored groundwater units at the following Locations i
Meadowbrook Sites 1 and 2 (Figure 4-3), sites 5 and 6 (Figure 4-4), sites 9 and 11 (Figure 4-5), sites
13, 14 and 15 (Figure 4-6);

1 Bore W14-MB1 (Tertiary sediments) shows a degree of seasonal water level variation that is not
observed at other Project monitoring sites, which is interpreted to be related to direct groundwater
recharge at this location. This is consistent with other data that is discussed in this report for this site,
including:

o0 The bore records a significantly lower EC than is recorded at other sites, with a mean EC of 962
pS/cm (Table 5.5) compared to a mean EC for all Tertiary samples of 17,814 uS/cm (Table 4-3);
and,

0 The calculated recharge at the location of W14-MB1 (based on mean chloride data and the chloride
mass balance method, as discussed in Section 4.5.2) is ~3.3% of average annual rainfall, compared
to ~0.08% for Tertiary aquifer overall.

1 An upward potential for flow is observed at LVN sites 1 and 4 (Figure 4-7) and site 8 (Figure 4-8).

It is noted that the potential for upward or downward flow does not necessarily translate to actual
groundwater flow. For example, downward flow potential is observed at LVN site 3 (Figure 4-7).
However, groundwater quality data indicates that groundwater flow is not occurring from the Tertiary
sediments to the underlying Rewan Group or Permian coal measures at this location, as the electrical
conductivity (EC) in the Tertiary bore (2371W-MB1) records a mean EC of 25,441 uS/cm, while the
Rewan Group bore (2226-MB2) records a mean EC of 3,519 uS/cm and the underlying Permian bore
(2226-MB3) records a mean EC of 9,858 uS/cm (refer discussion of water quality data in Section 4.3
and Table 4-5). Review of the bore logs for these sites (Attachment C) indicates that the bore is
screened predominantly in Tertiary sands that are separated from the surface by ~10 m of clayey
sediments, therefore recharge to the Tertiary sediments is likely to be low. In addition, it has been
observed from drilling at site that the Tertiary sediments are generally unsaturated, only containing
groundwater in areas where the base elevation of Tertiary (as mAHD) is relatively low. For this reason,
it is interpreted that groundwater flow in the Tertiary is impeded by a lack of lateral hydraulic connection
and at locations such as bore 2371W-MB1, where the Tertiary sediments are separated from the
underlying groundwater units by low-permeability silts and clays, downward flow is also impeded. The
high EC in the Tertiary sediments is interpreted to be related to a long residence time for groundwater.
In addition, an interpretation of upward or downward flow potential from/to the Tertiary sediments is
complicated by the generally disconnected nature of the Tertiary sediments from the other groundwater
units that exist in the Project area.

1 Only one bore (2183-VWP, at Site 2 in the LVN monitoring network) records a reduction in groundwater
level that is interpreted to be related to mining. This bore is located approximately 1,200 m from the
advancing face of the Lake Vermont open cut (approaching from the south-east of the bore i refer
Figure 4-1), with the water level reduction at this site (Figure 4-7) in excess of the slight reduction in
groundwater levels that is observed from other sites (and which is interpreted to be related to climatic
conditions). Analysis of the full record of data for 2183-VWP shows that the groundwater level trend was
consistent with data from other sites up to mid-2018, at which point an increased rate in water level
reduction is observed that is interpreted to be related to mining at Lake Vermont Mine. Site personnel
advise that, in June 2018, the crest of the open cut was 1,700 m from 2183-VWP. This gives an
indication of the extent of drawdown in the coal seam groundwater unit due to open cut mining.

i1 The groundwater level in the Vermont Seam in bore 1235C-VWP (Figure 4-9) is significantly lower than
is observed in other monitoring bores, or Figueddverl yi
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it is observed that 1235C-VWP is located adjacent to a fault, and it is interpreted that the difference in
water level may be related to fault impacts at this site. This observation will make the calibration of
groundwater model data to this water level difficult, as a regional groundwater model is unlikely to be
able to account for this magnitude of water level variation in the absence of other supporting data (e.g.
fault properties) that would assist the calibration. This is not regarded as a significant impediment to the
calibration of the groundwater model, but is noted as data for this site could potentially be weighted
down for the purpose of calculating calibration statistics in the groundwater model.

4.2.2  Groundwater Flow Direction

Groundwater level contours (as mAHD) are presented as follows:

1 Groundwater level contours for the Tertiary sediments are presented in Figure 4-10;

1 Groundwater level contours for the Leichhardt coal seam are presented in Figure 4-11;
1 Groundwater level contours for the Vermont coal seam are presented in Figure 4-12;

The extent of contours has been clipped to the available data. In the case of data for the Leichhardt and
Vermont coal seams, the contours were prepared as follows:

1 The contours were clipped to the extent of the coal seams, taking into account the dip of the strata (i.e.
the Leichhardt and Vermont coal seams do not exist to the west of the underground mining area due
to the dip of the strata - refer Figure 3-7) as well as faulting (such as the Isaac Fault) that truncates the
strata (refer Figure 4-11, Figure 4-12 and Figure 3-7);

1 The contours were prepared using the program Surfer (Golden Software 2021), using the locations of
known faults as limits to the gridding of data from bores within different structural regimes. The locations
of the distinct gridding/contouring zones is evident from Figure 4-11 and Figure 4-12.

From review of the figures the following observations are made:
9 Tertiary sediments:

o The general groundwater flow direction for the Tertiary sediments is from west to east, i.e. generally
following topography and draining towards existing surface water features such as the Isaac River.

0 The Tertiary is not a laterally continuous unit in terms of the extent of saturation. Therefore, the
contours are interpreted to be useful in providing an overall sense of flow direction from west to east,
but should not be interpreted as indicating a continuously saturated groundwater unit.

M Permian Coal Measures

o0 The general flow direction for the Permian coal seams is also from west to east, i.e. from the
groundwater recharge areas where the coal seams subcrop beneath Tertiary sediments (refer also
Figure 3-7 for cross-sectional representation of the strata) towards areas where the seams truncate,
e.g. by the Isaac Fault. Where the coal seams are truncated, it is conceptualised that groundwater
flow will be driven either upwards or laterally along the fault and into groundwater units that continue
from west to east (e.g. the block of Fort Cooper Coal Measures shown in Figure 4-11 and Figure
4-12 also contains coal seams that may act as conduits for groundwater flow). In general, the
groundwater flow direction within the coal seams is interpreted to be from west to east, consistent
with the general topographic trend.

o Itis evident from the hydrograph for bore 2183-VWP (Figure 4-7) that the existing Lake Vermont
mine is acting as a sink for groundwater flow within the coal seams, i.e. there is a component of
groundwater flow that is southwards towards the Lake Vermont open pit. This phenomenon was
introduced to the contour data in Figure 4-11 and Figure 4-12by pl acing fAdummyo poi ni
perimeter of the Lake Vermont pit at the elevation of the base of the coal seams in the pit wall.
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Figure 4-3: Groundwater level Data for Meadowbrook Bores at Sites W1 to W4
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Figure 4-4: Groundwater level Data for Meadowbrook Bores at Sites W5 to W8
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Figure 4-5: Groundwater level Data for Meadowbrook Bores at Sites W9 to W12
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Figure 4-6: Groundwater level Data for Meadowbrook Bores at Sites W13 to W15
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Figure 4-7: Groundwater level Data for LVN Bores at Sites 1to 4
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Figure 4-8: Groundwater level Data for LVN Bores at Sites 5to 8
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Figure 4-9: Groundwater level Data for LVN Bores at Sites 9 & 10
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4.3 Groundwater Quality
4.3.1 Available Data

Groundwater level and quality monitoring has been undertaken to date from Meadowbrook Project
groundwater monitoring bores at monthly intervals for the purpose of establishing a baseline water level
and water quality data set. Groundwater monitoring commenced at the Project site in October 2020,
following construction of site monitoring bores in March-April 2020. The data set utilised for this report
comprises monthly data from 24 monitoring events between October 2020 and September 2022, with data
available or the following parameters:

1 Laboratory and field pH and electrical conductivity (EC);

1  Major ions (sodium, calcium, magnesium, potassium, chloride, sulphate, alkalinity);

1 Total and dissolved metals/metalloids (aluminium, arsenic, boron, cadmium, chromium, cobalt,
copper, iron, lead, manganese, nickel, selenium, silver, uranium, vanadium, zinc); and,

i  Total petroleum hydrocarbons (TPH)

In addition, groundwater quality data is available from the adjacent Lake Vermont North (LVN) Project from

monitoring bores that are installed within the same groundwater units as occur at Meadowbrook, for the
same parameters listed above, from 24 sampling events between February 2018 and September 2022.

Groundwater quality data is discussed in the sections below, with all available data also presented in:
Attachment D-17 Meadowbrook major ion/ pH/ EC data;
Attachment D-2 - LVN major ion/ pH/ EC data;

Attachment D-3 7 Meadowbrook dissolved metal/metalloid data;

Attachment D-57 Meadowbrook total metal/metalloid data; and,

)l
)l
)l
1  Attachment D-41 LVN dissolved metal/metalloid data;
)l
1 Attachment D-6 i LVN total metal/metalloid data.

4.

3.2 EC Data and Summary Major lon Statistics

Summary groundwater quality data is presented in the following tables:

1  Table 4-3, which includes average (mean) water quality data for pH, electrical conductivity (EC) and
major ion parameters calcium, magnesium, sodium, potassium, chloride, sulphate and total alkalinity;
and,

1  Table 4-4, which includes median data for the same parameters as discussed above.

Both mean and median data is presented to highlight the statistical variability in the data, where a significant
difference between mean and median values is reflective of the mean data being skewed by results that
are generally from one bore. For example:

1  The mean value for EC in Tertiary sediments at Meadowbrook is 17,814 uS/cm, whereas the median
value is 19,523 pS/cm. Figure 4-14 shows a box and whisker plot for EC data from groundwater
monitoring bores. From this figure it is evident that the mean data is being skewed by data for bore
W14 MB1, which records a mean EC <1,000 pS/cm, compared to all other bores where the mean EC
is >10,000 uS/cm;

1  The mean value for EC in Rewan Group sediments at Meadowbrook is 23,382 uS/cm, compared to a
median of 23,905 pS/cm (i.e. the mean and median of the data are similar). At LVN the mean EC is
19,725 uS/cm, whereas the median value is 23,459 uS/cm. From the box and whisker plot for EC
(Figure 4-14), it is evident that the difference between mean and median EC values is related to data
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from bore 2226-MB2, where the EC range is ~3,000 to 4,000 uS/cm, compared to other sites where
the EC is generally >20,000 uS/cm.

The variability in mean EC value across the Meadowbrook and LVN project areas is shown in Figure 4-13,

which shows a classed EC plot (i.e. data represented as coloured symbols for different EC ranges) as well

as Table 4-5 and Table 4-6, which presents the mean EC value for each monitoring bore site at
Meadowbrook and LVN respectively. Observations from Figure 4-13 include:

il

For groundwater monitoring sites at Meadowbrook, the mean EC is >20,000 pS/cm at the majority of
sites, and >10,000 uS/cm (but less than 20,000 uS/cm) at sites W6_MB1, W4 _MB2 and W3_MB2;

One Tertiary bore at Meadowbrook (W14 MB1) records a distinctly lower EC (mean value of 962
puS/em i refer also Table 4-5);

AT the LVN site the majority of sites record an EC >10,000 pS/cm, with a number of sites recording
an EC >20,000 uS/cm;

At a number of sites the EC is distinctly lower, with these sites interpreted to be influenced by recharge
from Phillips Creek. Sites include:

o Site 1 (West-WB1 and West-MB2), where the mean EC is 3,081 uS/cm for the Tertiary bore and

3,583 uS/cm for the deeper Permian coal measures bore.

Site 3, where the Rewan Group bore (2226-MB2) records a mean EC of 3,519 uS/cm and the
underlying Permian sediments bore (2226-MB3) records and mean EC of 9,858 uS/cm. As noted
above in Section 4.2.1.2, the Tertiary bore at this location (2371W-MB1) records a mean EC of
25,441 pS/cm and it is interpreted that the Tertiary at this site is hydraulically isolated from the
underlying Rewan Group sediments by impermeable clays. It is interpreted that the Rewan Group
at this site is recharged by flow in Phillips Creek, most likely at a location where the Tertiary
sediments are sandier, or the Quaternary alluvium is thicker, allowing a more direct connection to
the underlying sediments. At the location of Tertiary bore 2371W-MBL1 it is interpreted that the
sands where the bore is screened are separated from the surface by low-permeability clays,
resulting in a high residence time for groundwater in the Tertiary at this location.

It is noted that, across both the Meadowbrook and LVN sites, the Tertiary sediments record some
of the highest EC on site. This supports an interpretation of a Tertiary groundwater unit that is
variably saturated, does not contain continuous lateral flow paths, and has a poor hydraulic
connection with the underlying sediments.

Graphs showing EC data for each bore site are shown below as Figure 4-15 to Figure 4-18 (Meadowbrook

monitoring bores) and Figure 4-19 to Figure 4-20 (LVN monitoring bores)
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Table 4-3: Average Groundwater Quality Data i pH, EC, Major lons

EC
Groundwater No. of pH (field)* Ca* Mg* Na* K* ClI* SOs* | Alk.*

Unit Samples | (Field)

puS/cm | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
Meadowbrook Groundwater Monitoring Bores

Tertiary 95 6.43 17814 254 474 3509 37 6451 808 462

Rewan 47 6.75 23382 481 481 4365 26 8158 855 479

Permian 482 7.52 29540 646 780 5414 30 10659 | 1053 407
Lake Vermont North (LVN) Groundwater Monitoring Bores

Tertiary 94 6.61 21168 471 846 3414 4 6499 1526 | 1173

Rewan 143 6.72 19725 343 509 3397 7 6526 459 701

Permian 189 6.67 14668 282 334 2502 9 4825 301 597
Combined Meadowbrook & LVN Data

Tertiary 189 6.52 19482 | 361 658 3462 22 6474 | 1163 | 814

Rewan 190 6.73 20629 | 377 502 3636 12 6930 568 646

Permian 671 6.78 25345 544 655 4597 24 9022 834 460

* EC = Electrical Conductivity, Ca = Calcium, Mg = Magnesium, Na i Sodium, K = Potassium, Cl = Chloride, SO4 =
Sulphate, Alk. = Total Alkalinity

Table 4-4: Median Groundwater Quality Data 1 pH, EC, Major lons

E
Groundwater No. of pH (fielcc:;l)* Ca* Mg* Na* K* Cl* SOs* | Alk.*

Unit Samples | (Field)

pS/cm | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
Meadowbrook Groundwater Monitoring Bores

Tertiary 95 6.52 19523 | 324 625 | 3275 41 6770 971 467

Rewan 47 6.73 23905 | 407 474 | 4370 30 8010 | 1460 | 524

Permian 482 6.61 28230 | 599 765 | 5355 27 10250 | 1060 | 465
Lake Vermont North (LVN) Groundwater Monitoring Bores

Tertiary 94 6.48 19740 | 277 682 | 2430 4 6285 550 577

Rewan 143 6.79 23459 | 279 410 | 4010 6 7920 355 685

Permian 189 6.68 13805 | 304 291 1875 8 4565 290 552
Combined Meadowbrook & LVN Data

Tertiary 189 6.52 19523 | 324 637 | 3210 8 6465 962 511

Rewan 190 6.78 23759 | 353 423 | 4100 12 7990 356 561

Permian 671 6.62 25097 | 486 654 | 4465 20 9020 901 484
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Figure 4-16: Electrical Conductivity (EC) Graphs for Meadowbrook Bores i Sites W5 to W8
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Figure 4-17: Electrical Conductivity (EC) Graphs for Meadowbrook Bores i Sites W9 to W12
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Figure 4-18: Electrical Conductivity (EC) Graphs for Meadowbrook Bores i Sites W13 to W15
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Figure 4-20: Electrical Conductivity (EC) Graphs for LVN Bores i Sites 6,7, 8 & 10
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4.3.3 Piper Ternary Diagrams and Water Type

Mean major ion data for each bore (sodium, magnesium, calcium, potassium, chloride, sulphate, alkalinity)
is presented in Table 4-5 (Meadowbrook bores) and Table 4-6 (LVN bores). The data has been converted
to milliequivalents to allow plotting on Piper Ternary diagrams, which are presented as Figure 4-21

(Meadowbrook bores) and Figure 4-22 (LVN bores). Data from the Piper diagrams and data summary

tables are summarised as follows:

il

The upper left plot in each figure shows mean data for all groundwater bores, with the data also
presented on separate plots for each groundwater unit (Tertiary, Rewan Group, Permian sediments);

The mean major ion data for each bore that was used to prepare the Piper diagrams has been
converted to % milliequivalent (Y%meq)), as shown in Table 4-5 and Table 4-6. The data has been
colour-shaded to highlight the anions and cations that record >50% of the meq value, which is used to
determine the water type. It can be seen from the tables that the majority of bores record >50% meq
for sodium and chloride and are therefore sodium-chloride (Na-Cl) water type. However, a number of
sites record >50 %meq of the anion bicarbonate (rather than chloride) and are therefore recorded as
sodium-bicarbonate water type, or else record a relatively high concentration of both chloride and
bicarbonate and are therefore a mixed water type (sodium-bicarbonate-chloride). It is noted that the
bores that record a sodium-bicarbonate or sodium-bicarbonate-chloride water type are also the bores
that record relatively low EC (i.e. <4,000 puS/cm). It is interpreted that the sodium-carbonate water
chemistry is indicative of the chemistry of groundwater recharge areas at this site, due to the relatively
high carbonate content of recharge water (i.e. rainwater (H20) percolating through the root zone
containing a high concentration of free CO2 produces carbonic acid (H2COs3); this dissociates on
contact with groundwater to produce H* and bicarbonate (HCO3’) ions, which may further dissociate
to carbonate (COs?%) ions depending on the pH of the groundwater. In reactions between recharge
water and non-carbonate minerals (as is the case at Meadowbrook and LVN), one HCOs ion is
produced for each participating CO2 molecule (Hem, 1985). As recharge water moves further along a
flow-line (and with increasing residence time), it is apparent that the salinity of groundwater increases
significantly due to water-rock interactions and transitions to sodium-chloride (Na-Cl) water type;

The relationship described above is evident in the Piper diagrams, as the bores that record a sodium-
bicarbonate water type plot in a distinctly different location on the anion plot due to the high bicarbonate
concentration relative to the chloride concentration. As the groundwater moves further along the flow
line, and transitions to sodium-chloride water type, the data plots further towards the lower right corner
of the anion plot;

The other relationship that is evident, especially for the Permian bores, is that the %meq of sulphate
is relatively high in some bores, which manifests as progression along a straight line towards the top
of the anion plot. A relatively high %meq of sulphate is also present in some shallow Tertiary bores,
such as W14-MB1 (Table 4-5) where it is interpreted that groundwater recharge is occurring. A
possible interpretation is that, in these relatively shallow bores within recharge zones, oxidation of
sulphide minerals is occurring which increases the %meq of sulphate relative to other ions.
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All Data
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Figure 4-21: Piper Ternary Diagram i Meadowbrook Data
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All Data

+0¢0xem+Xe

1238-MB1-Tertiary
2371W-MB1-Tertiary
2372-MB1-Tertiary
West-MB1-Tertiary
2218-MB2-Rewan
2226-MB2-Rewan
2372-MB2-Rewan
2393-MB1-Rewan

2394-MB1-Upper Rewan
2394-MB2-Lower Rewan

Xoeo0+0OPre

West-MB2-Permian
2393-MB3-Permian
2393-MB2-Permian
2375-MB2-Permian
2372-MB3-Permian
2226-MB3-Permian
2218-MB3-Permian
1238-MB2-Permian

100 80 60
& Ca

40

CATIONS

Rewan Group Bores

+0¢ex0

Figure 4-22: Piper Ternary Diagram i Lake Vermont North Data
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Table 4-5: Meadowbrook Groundwater Data - Mean Major lon Data, Converted to % Meq and Water Type

Bore I GrouSrﬁii\;vater Sli[t)e Mggn Mean Major lon Concentration (mg/L) Data Converted to % miIIiequivzlzni(%meq) Water Type
uS/cm | Ca | Mg | Na | K Cl COs | HCOs | SOs | Ca | Mg | Na+K | CI HC303 S04
W1_MB1 Tertiary 25397 310 | 583 | 5195 | 52 | 9243 0 621 1016 || 5.3 | 16.5 78.2 88.6 4.2 7.2 Na-ClI
W1_MB2 Permian 1 36610 | 1249 | 648 | 6610 | 36 | 13700 0 152 393 || 154 | 13.2 71.4 97.2 0.8 21 Na-Cl
W1_MB3 Permian 37552 | 1538 | 588 | 6869 | 27 | 14304 0 115 0 18.1 | 114 70.5 99.4 0.6 0.0 Na-Cl
W2_MB1 Tertiary 26905 308 | 609 | 5386 | 51 | 9436 0 658 855 || 5.1 | 16.6 78.2 89.6 4.4 6.0 Na-ClI
W2_MB2 Permian 2 38293 616 | 914 | 7738 | 52 | 14074 0 575 741 || 6.9 | 16.9 76.1 93.6 2.7 3.6 Na-Cl
W3_MB2 Tertiary 3 17293 346 | 631 | 2908 | 37 | 6251 0 409 1153 || 8.8 | 26.4 64.8 84.6 3.9 11.5 Na-Cl
W4_MB2 Permian 4 19087 356 | 660 | 3190 | 26 | 6764 0 550 1123 || 8.4 | 25.7 65.9 84.7 4.9 10.4 Na-Cl
W5_MB1 Rewan 22905 375 | 765 | 4036 | 35 | 7774 0 595 1598 || 7.2 | 244 68.4 82.9 4.5 12.6 Na-Cl
W5_MB2 Permian 5 23884 370 | 735 | 4256 | 20 | 7883 0 613 1615 [ 7.0 | 22.9 70.2 82.9 4.6 12.5 Na-Cl
W5_MB3 Permian 22558 410 | 518 | 4235 | 45 | 7709 0 365 1314 || 8.2 | 17.2 74.6 86.3 2.9 10.8 Na-Cl
W6_MB1 Permian 16623 269 | 494 | 2885 | 36 | 5637 0 594 982 || 7.4 | 225 70.0 83.1 6.2 10.7 Na-Cl
W6_MB2 Permian ® 21507 373 | 745 | 3670 | 30 | 7033 0 510 1747 | 7.7 | 255 66.7 81.0 4.2 14.8 Na-Cl
W7_MB1 Permian 7 37527 456 | 1095 | 7369 | 39 | 13109 0 584 1745 | 5.2 | 20.7 74.0 88.5 2.8 8.7 Na-Cl
W8_MB1 Permian 8 43065 676 | 1384 | 8136 | 50 | 15765 0 499 1025 || 6.7 | 22.6 70.6 93.4 21 45 Na-Cl
W9_MB2 Permian 35152 654 | 1154 | 6372 | 16 | 13486 0 453 1172 || 8.1 | 23.4 68.5 91.9 2.2 5.9 Na-Cl
W9_MB3 Permian ? 40150 749 | 1325 | 7411 | 18 | 14578 0 490 1324 [ 8.0 | 23.2 68.8 91.7 2.2 6.1 Na-Cl
W10_MB2 Permian 27104 972 | 251 | 5085 | 24 | 9820 29 43 233 | 16.7 | 7.1 76.2 97.8 0.5 1.7 Na-Cl
W10_MB3 Permian 10 34927 677 | 958 | 6498 | 18 | 12773 0 434 695 || 85 | 19.9 715 94.0 23 3.8 Na-Cl
W11_MB1 Rewan 23880 592 | 185 | 4709 | 16 | 8559 0 358 80 | 118 | 6.1 82.1 96.5 2.9 0.7 Na-Cl
W11_MB2 Permian 1 31196 739 | 614 | 5742 | 59 | 11393 11 47 806 | 10.9 | 14.9 74.2 94.7 0.3 4.9 Na-Cl
w12_MB1 Tertiary 12 22217 467 | 639 | 3911 | 25 | 7789 0 489 1214 [ 9.5 | 21.3 69.2 86.2 3.8 9.9 Na-Cl
W13_MB1 Permian 13 31285 515 | 811 | 6037 | 25 | 10852 0 480 1042 || 7.2 | 18.8 74.0 90.7 2.8 6.4 Na-ClI
W13_MB2 Permian 24697 393 | 231 | 5292 | 31 | 9584 0 335 24 73 | 7.1 85.7 97.4 24 0.2 Na-ClI
W14 _MB1 Tertiary " 962 17 15 156 | 8 151 0 128 126 || 9.1 | 13.9 77.0 45.0 27.2 27.7 Na|—_%—§304-
W14 _MB2 Permian 22820 632 | 872 | 3628 | 16 | 8193 0 459 1295 || 12.1 | 27.4 60.5 86.5 34 10.1 Na-ClI
W15_MB2 Permian 15 24940 610 | 849 | 3961 | 11 | 8943 0 422 932 || 11.1 | 25.6 63.3 90.1 3.0 6.9 Na-Cl
W15_MB3 Permian 28136 763 | 877 | 4599 | 17 | 10005 0 341 989 | 12.2 | 23.2 64.5 91.1 2.2 6.6 Na-Cl
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Table 4-6: LVN Groundwater Data - Mean Major lon Data, Converted to % Meq and Water Type

Bore I GrouSd_\;vater Sli[t)e Mggn Mean Major lon Concentration for Each Bore (mg/L) Data Converted to % miIIiequiszoent (%meq) Water Type
nt uSlcm | Ca | Mg | Na | K| C | COs| HCOs | SOs | ca | Mg | Na+K | CI HC30: SOs
West-MB1 Tertiary 3081 27 67 559 | 1 435 40 928 86 43 | 176 | 78.1 36.7 57.9 5.4 Na-HCO3
West-MB2 Permian ! 3583 29 28 755 | 4 576 48 933 164 | 40 | 6.4 89.6 41.4 49.9 8.7 Na-HCOs3
2371W-MB1 Tertiary 25441 21 | 1408 | 4690 | 5 6431 935 | 2962 | 3849 0.3 |36.1| 636 53.4 23.0 23.6 Na-Cl
2226-MB2 Rewan 3 3519 29 67 716 | 1 451 29 1191 153 || 3.7 | 144 | 819 315 60.5 7.9 Na-HCO3
2226-MB3 Permian 9858 145 | 284 | 1555 | 4 2925 0 724 426 || 7.3 | 23.7 | 68.9 77.9 13.7 8.4 Na-Cl
2394-MB1 Upper Rewan 4 23364 | 235 | 651 | 3948 | 3 7668 0 868 588 || 49 | 226 | 725 88.0 7.1 5.0 Na-Cl
2394-MB2 Lower Rewan 28332 | 656 | 342 | 5393 | 14 | 9900 0 155 2 11.1 | 95 79.4 98.9 11 0.0 Na-Cl
2218-MB2 Rewan 23874 | 331 | 598 | 4315 | 12 | 8417 0 513 186 || 6.5 | 194 | 74.1 94.4 4.1 15 Na-Cl
2218-MB3 Permian > 25769 | 390 | 542 | 4678 | 15 | 8973 0 467 166 || 7.3 | 16.6 | 76.1 95.2 35 1.3 Na-Cl
2393-MB1 Rewan 10439 96 172 | 1913 | 3 2830 74 1005 361 || 4.7 | 13.8| 815 73.3 19.8 6.9 Na-Cl
2393-MB2 Permian 6 2356 12 18 516 | 2 394 72 656 57 24 | 59 91.7 41.4 54.2 4.4 Na-HCOs-Cl
2393-MB3 Permian 18756 | 260 | 209 | 3615 | 17 | 6508 21 613 3 6.9 | 9.2 83.9 93.5 6.5 0.0 Na-Cl
2375-MB2 Permian 7 11263 | 361 | 337 | 1631 | 9 3939 0 410 320 || 154 | 23.7 | 60.9 88.2 6.5 5.3 Na-Cl
2372-MB1 Tertiary 38934 | 1182 | 1346 | 6376 13400 0 0 0 13.2 | 248 | 62.0 100.0 0.0 0.0 Na-Cl
2372-MB2 Rewan 8 29455 | 738 | 1270 | 4238 | 6 | 10192 0 0 1121 || 11.3 | 32.1 | 56.6 92.5 0.0 7.5 Na-Cl
2372-MB3 Permian 30254 | 628 | 825 | 5230 | 19 | 10438 0 452 777 | 9.6 | 20.7 | 69.7 92.1 2.8 5.1 Na-Cl
1238-MB1 Tertiary 18015 | 671 | 594 | 2228 6038 0 485 475 || 18.7 | 27.3 | 54.1 89.7 5.1 5.2 Na-Cl
1238-MB2 Permian 10 17421 | 477 | 508 | 2504 5829 0 463 435 | 13.6 | 239 | 624 90.0 5.1 5.0 Na-Cl
|:| Dominant anion/cation
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4.3.4 Metal/Metalloid Data

Dissolved and total metal/metalloid data is collected for both the Meadowbrook Project and the Lake
Vermont North Project, for the parameters shown below in Table 4-7. Table 4-7 shows summary
statistics for each parameter, for the combined data set for Meadowbrook and LVN. All available data
for both Projects is presented in Attachment D-3 and Attachment D-5 (Meadowbrook dissolved and total
metal/metalloid data) and Attachment D-4 and Attachment D-6 (Lake Vermont North dissolved and total
metal/metalloid data). Observations from Table 4-7 include:

1  For the majority of parameters, the majority of samples return metal/metalloid concentrations that
are below the limit of reporting (LOR); parameters where the number of samples above the LOR is
less than 10% of the total sample count include aluminium, cadmium, chromium, lead, mercury,
selenium, silver and vanadium;

i  The number of parameters where >80% of samples are above the LOR is relatively small and
includes boron, iron and magnesium;

1  The mean and median of the data has only been calculate for parameters where the percentage of
samples above the LOR was in excess of 50%. From Table 4-7 it can be seen, visually, that the
number of parameters >50% of the data is above the LOR is highest in the Tertiary sediments and
lowest in the Permian coal measures.
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Table 4-7: Summary Statistics for Metals/Metalloids i Combined Meadowbrook & LVN Data

Statistic Al* As* B* Cd* Cr* Co* Cu* Fe* Pb* Mn* Hg* Mo* Ni* Se* Ag* u* V* Zn*
mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L mg/L | mg/L | mg/L | mg/L | mg/L mg/L mg/L

Tertiary Sediments
Total no. of samples 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190
No. Samples >LOR** 5 32 188 6 19 109 35 151 0 190 2 58 169 0 1 159 5 52
% of Samples >LOR 2.6 16.8 | 98.9 3.2 100 | 574 | 184 | 795 0.0 | 100.0 1.1 30.5 88.9 0.0 0.5 83.7 2.6 27.4
Minimum (mg/L)*** 0.030 | 0.001 | 0.060 | 0.0001 | 0.001 | 0.001 | 0.001 | 0.050 0.006 | 0.0001 | 0.001 | 0.001 0.009 | 0.001 | 0.010 | 0.005
Maximum (mg/L) 0.100 | 0.034 | 3.100 | 0.0002 | 0.006 | 0.027 | 0.122 | 5.700 0.995 | 0.0002 | 0.027 | 0.590 0.009 | 0.258 | 0.060 | 0.122
Mean (mg/L)**** 0.946 0.005 0.736 0.149 0.036 0.034
Median (mg/L)**** 0.615 0.005 0.340 0.052 0.009 0.009
Rewan Group
Total no. of samples 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190 190
No. Samples >LOR** 7 67 189 16 20 69 43 131 0 190 0 86 106 0 3 119 0 37
% of Samples >LOR 3.7 35.3 | 99.5 8.4 105 | 36.3 | 22.6 | 68.9 0.0 | 100.0 0.0 45.3 55.8 0.0 1.6 62.6 0.0 19.5
Minimum (mg/L) 0.010 | 0.001 | 0.150 | 0.0001 | 0.001 | 0.001 | 0.001 | 0.050 0.010 0.001 | 0.001 0.001 | 0.001 0.005
Maximum (mg/L) 0.060 | 0.014 | 1.540 | 0.0003 | 0.011 | 0.045 | 0.300 | 6.150 1.340 0.058 | 0.420 0.003 | 0.022 0.291
Mean (mg/L)**** 0.574 1.999 0.460 0.023 0.008
Median (mg/L)**** 0.520 0.900 0.454 0.005 0.008
Permian Sediments
Total no. of samples 671 671 671 671 671 671 671 671 671 671 671 671 671 671 671 671 671 671
No. Samples >LOR** 34 172 655 16 51 120 69 561 0 668 0 254 232 0 5 185 0 98
% of Samples >LOR 5.1 25.6 | 97.6 2.4 7.6 179 | 10.3 | 83.6 0.0 99.6 0.0 37.9 34.6 0.0 0.7 27.6 0.0 14.6
Minimum (mg/L) 0.010 | 0.001 | 0.050 | 0.0001 | 0.001 | 0.001 | 0.001 | 0.050 0.005 0.001 | 0.001 0.001 | 0.001 | 0.000 | 0.005
Maximum (mg/L) 0.130 | 0.044 | 2.340 | 0.0016 | 0.084 | 0.029 | 0.647 | 7.320 1.780 0.109 | 0.153 0.006 | 0.060 | 0.000 | 0.531
Mean (mg/L)**** 0.639 1.696 0.324
Median (mg/L)**** 0.490 1.120 0.212

* Al=Aluminium, As=Arsenic, B=Boron, Cd=Cadmium, Cr=Chromium, Co=Cobalt, Cu=Copper, Fe=lron, Mn=Manganese, Hg=Mercury, Mo=Molybdenum, Ni=Nickel,
Se=Selenium, Ag=Silver, U=Uranium, V=Vanadium, Zn=Zinc

**  LOR = Limit of Reporting

***  The minimum value is the minimum value recorded above the LOR. As shown from the difference between the total number of samples for each parameter and the
number of samples > LOR, the majority of samples for most parameters are < LOR

**x  The mean and median of the data have only been calculated for values > LOR, and only for parameters where the number of samples > LOR is approximately 50% or

greater
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4.4 Hydraulic Conductivity Data
4.4.1 Available Data

Site-specific hydraulic conductivity data is available from field investigations undertaken at both the
Meadowbrook site as well as the adjacent Lake Vermont North site, where monitoring bores have been
constructed within the same stratigraphic horizons as those that occur at Meadowbrook. The available
data includes:

1  Falling head (slug) testing from:
0 27 sites at Meadowbrook; and,
o 15 sites at Lake Vermont North.
1  Packer testing of cored geological exploration bores at Meadowbrook, which included:

oDrill Stem Tests (DST6s) or Injection Fall Off T
test based on the permeability of the coal seam); and,

o0 Lugeon Tests within selected interburden/ overburden units, targeting a range of interburden
lithologies as well as fractured/unfractured interburden zones.to provide site-specific
groundwater parameters for upcoming groundwater modelling studies.

A summary of the field testing undertaken at each site is provided in references JBT 202l1a
(Meadowbrook data) and JBT 2021b (Lake Vermont North data). The data is summarised in the
sectionsbelow. The packer testing (DSTés, | FOTd6s, lugeon te
in SCT (2020a), with the data summarised below in Section 4.4.3.

4.4.2 Slug Testing Data

Falling head (slug) tests were undertaken on each of the standpipe monitoring bores at Meadowbrook
and LVN (with the exception of dry bores). The testing and analysis methodology is presented and
discussed in the field testing reports for each site (JBT 2021a, 2021b). The results are summarised
below in Table 4-8 (Meadowbrook data) and Table 4-9 (LVN data).

Table 4-8: Meadowbrook - Hydraulic Conductivity Results from Falling Head (Slug) Tests

Screened Interval Hydraulic
Bore ID Stratigraphic Interval Lithology Conductivity
From To (m/day)
(mbgl) | (mbgl)
W1_MB1 Tertiary sediments Gravel 43.6 45.1 4.52E-01
W1 _MB2 Leichhardt Lower Seam Coal 81.75 83.25 8.07E-02
W1 _MB3 Vermont Seam Coal 122.5 124 6.41E-02
W2_MB1 Tertiary sediments Sandy Clay 34 40 4.46E-01
W2_MB2 Girrah 1 Seam Coal 104 110 1.20E-02
W3_MB1 Quaternary alluvium Sand 9 12 4.74E-02
W3_MB2 Tertiary sediments Clay 35 41 5.25E-02
W4 _MB1 Quaternary alluvium Sand 9 12 9.80E-03
W4 _MB2 Permian overburden Sandstone 54 60 No Test
W5_MB1 Rewan Group Siltstone 44 50 1.43E-02
W5_MB2 Leichhardt Lower Seam Coal 69.5 71 4.94E-02
W5_MB3 Vermont Seam Coal 1115 113 5.18E-02
W6_MB1 Permian overburden Sapdstone/ 50 56 No Test
Siltstone
W6_MB2 Girrah 1 Seam Coal 75.5 77 4.81E-02
W7_MB1 Permian overburden Sandstone 54 60 3.64E-02
W8_MB1 Girrah 1 Seam Coal, underlying 54 60 6.62E-02
sandstone
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Screened Interval Hydraulic
Bore ID Stratigraphic Interval Lithology Conductivity
From To (m/day)
(mbgl) | (mbgl)
W9_MB1 Tertiary sediments Sand 19 22 No Test (Bore Dry)
W9_MB2 Vermont Upper Seam Coal 42.5 44 4.98E-02
W9_MB3 Vermont Lower Seam Coal 64.5 70.5 8.99E-02
Sandstone/
W10_MB1 Rewan Group Siltstone 22 28 No Test (Bore Dry)
W10_MB2 Vermont Upper Seam Coal 88.5 90 1.52E-03
W10_MB3 Vermont Lower Seam Coal 116.65 119 1.02E-02
W11 _MB1 Rewan Group Siltstone 114 120 No Test
W11 _MB2 Leichhardt Seam Coall Siltstone 133.5 135 No Test
W12_MB1 Tertiary sediments Sand 54 60 2.73E-03
W13_MB1 Vermont Lower Seam Coal 43.5 46.5 1.03E-01
W13_MB2 Girrah 1 Seam Coal 82 88 2.62E-01
W14_MB1 Tertiary sediments Sand 15.6 18.6 4.53E-01
W14 MB2 Permian Coal Seam Coal 65 68 4.04E-01
W15_MB1 Tertiary sediments Sand 17 23 1.37E+00
W15_MB2 Vermont Upper Seam Coal 58.5 60 9.80E-01
W15_MB3 Vermont Lower Seam Coal 102 105 8.48E-01
Table 4-9: LVN - Hydraulic Conductivity Results from Falling Head (Slug) Tests
Screened Interval K (m/day)
Bore Stratigraphic Interval Lithology
From To
(mbgl) | (mbgl)
1238_MB1 Tertiary Clay 24 30 Recovery rate 100
1238_MB2 Vermont Seam Coal 53 59 4.11E-02
2372_MB1 Tertiary Clay, silt 24 30 4.50E-03
very fine Recovery rate too
2372_MB2 Rewan Group sandstone, 40 46 y
. slow
siltstone
2372_MB3 Vermont Seam Coal 123 129 4.95E-01
2393 MB1 Rewan Group Fine sandstone, 24 30 1.88E-02
siltstone
2393_MB2 Leichhardt Seam Coal 38 41 1.77E-01
2393 MB3 Vermont Lower Seam Coal 90 96 3.72E-01
2394 M1 | UPPerRewan, below | oo oondsione 24 30 1.03E-03
base of Tertiary
2394_MB2 | Lower Rewan Group Sandstone, 117 123 1.34E-03
- siltstone
West_MB1 Tertiary Clay, siltstone 27 30 6.39E-02
West_MB2 Permian Coal Coal, siltstone 74 80 2.38E-02
Measures
2371W_MB1 Tertiary Clay, sand 16 22 3.45E-03
2375_MB2 Vermont Seam Coal 65 68 1.83E-01
2226_MB2 Rewan Group Fine Sandstone 32 38 5.58E-02
2226_MB3 Leichhardt Seam Coal 53 59 9.92E-01
very fine Recovery rate too
2218 MB2 Rewan Group sandstone, 59 65 y
- slow
siltstone
2218 _MB3 Leichhardt Seam Coal 85 88 7.19E-02
2369W_MB1 Tertiary Clay, sand 14 20 Dry
2370W_MB1 Tertiary Sand, sandy clay 12.6 18.6 Dry
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4.4.3 Packer Testing Data

A program of packer testing was undertaken at Meadowbrook to provide data for:

1 permeability at a depth that is greater than could be achieved with conventional PVC standpipe
monitoring bores (i.e. >~150 mbgl);

1 the variability of permeability with depth at a single location; and,
1 the permeability of interburden units (including fractured and non-fractured zones) that are not
regularly targeted by groundwater monitoring bores

The program included:

T testing of the coal seam permeability wusing
(DFO6s) , wi t bn whibhdaestdoeutilisesbeirggmade by SCT field personnel based on
initial testing of the permeability. The DST/IFOT test intervals are shown in Table 4-10; and,

1 lugeon testing of interburden/overburden intervals within each bore (including fractured and non-

fractured intervals), with the number of tests in each bore shown in Table 4-10.

The packer testing program was undertaken by SCT and the results are included in separate reports
for the testing of the coal seams (SCT2020a) as well as the testing of the interburden (SCT 2020b).

A summary table of hydraulic conductivity data from the packer testing program is presented below in
Table 4-10.
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Table 4-10: Hydraulic Conductivity Results from Packer Testing

Test Interval Hydraulic
Hole ID | Stratigraphic Interval Lithology (mbgl) Test Type | Conductivity
From To (K) (m/day)
Siltstone 80 86 Lugeon 1.04E-03
Rewan Group Sandstone 102 108 Lugeon 1.81E-03
Siltstone 112 118 Lugeon 1.99E-03
Sandstone i no jointing 129 135 Lugeon 2.51E-03
Sandstone T no jointing 142 148 Lugeon 2.42E-03
Sandstone T no jointing 162 168 Lugeon 8.64E-02
LVv2724S Interburden between S”tStOPoewlaﬁjobmaesleomtmg 171 177 Lugeon 1.64E-03
Leichhardt Seam and Siltstone | nuMmerous
Vermont Lower Seam L 177 183 Lugeon 1.99E-03
joints and faults logged
Mudstone/Siltstone - 186 192 Lugeon 1.90E-03
jointed
Sandstone/Siltstone i no | g3 199 Lugeon 1.47E-03
jointing
Vermont Lower Seam Coal 204.7 209.01 DST 9.14E-02
Sandstone 180.2 186.2 Lugeon 3.46E-04
Sandstone 229.7 235.7 Lugeon 2.25E-03
Rewan Group -
Siltstone 288.2 294.2 Lugeon 6.74E-04
Sandstone 307.7 313.7 Lugeon 7.69E-04
Interburden between Sandstone i no jointing 331.7 337.7 Lugeon 2.42E-03
Leichhardt Seam and Sandstone i no jointing 340.7 346.7 Lugeon 2.94E-03
V2730 Vermont Lower Seam [ gjjistone i no jointing 3467 | 3527 Lugeon 4.84E-04
Letehfardt Lower Coal 35358 | 358.16 IFOT 2.99E-04
eam
Siltstone/Mudstone i
Shear zone at 363 mbg| 360 366 Lugeon 5.01E-04
Interburden between Siltstone/Sandstone i no
Phillips Seam & ointin 367.5 3735 Lugeon 1.30E-04
Leichhardt Seam Siltst /JS dgt "
fistone/sanastone 1 no |+ 3765 | 3825 Lugeon 1.47E-03
jointing
Vermont Lower Seam Coal 382.85 387.01 IFOT 8.31E-05
Rewan Group Siltstone 410.7 416.7 Lugeon 3.28E-05
Permian Overburden Sandstone 419.7 425.7 Lugeon 7.34E-05
Siltstone/Shale 437.7 443.7 Lugeon 8.64E-07
Sandstone - Faulted 448 454 Lugeon 1.21E-04
Shale/Mudstone T Faults | ,5, 5 | 4602 Lugeon 3.46E-04
Interburden between and joints, calcite infill
Phillips & Vermont Siltstone/Mudstone i
LV2731S Lower Seams Joints throughout, 463.2 469.2 Lugeon 3.28E-04
approx. 50% calcite-filled
Mudstone/Claystone 475.2 481.2 Lugeon 1.30E-04
Mudstone/Sandstone T | ya, 5 | 4g0 2 Lugeon 2.25E-04
Joints throughout
Vermont Lower Seam Coal 502.8 507.31 IFOT 2.16E-04
Interburden between . .
Phillips & Vermont | S.a”d.Stfc.iI”Z/S”.tﬁO”f ! 5022 | 508.2 Lugeon 1.81E-03
Lower Seams joints infilled with calcite
Leichhardt Lower Coal 2885 | 29369 | DSTIFOT* | 5.27E-03
LV2720S Seam
Vermont Lower Seam Coal 3204 325.59 DST/IFOT* 9.37E-04
Leichhardt Lower Coal 260.0 | 27419 | DSTIFOT* | 3.28E-03
LV2846 Seam
Vermont Lower Seam Coal 305.5 310.69 DST/IFOT* 1.76E-02
LVv2734 Vermont Lower Seam Coal 301.65 306.84 DST/IFOT* 9.37E-03
LV2711S Vermont Lower Seam Coal 204.0 209.19 DST/IFOT* 1.17E-02

* Average of data from DST/IFOT testing, converted from millidarcy to m/day
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4.4.4 Summary of Hydraulic Conductivity Data

Summary statistics for hydraulic conductivity data are presented below in Table 4-11, with data for
individual bores/ test intervals plotted in Figure 4-23 as hydraulic conductivity vs. depth. From review of
the data in Figure 4-23 it is observed that:

1 Allowing for slight differences that may be inherent in data from different test types (i.e.
packer/lugeon tests vs. slug tests) a decrease in permeability with depth is apparent for the coal
seams, Permian interburden and Rewan Group sediments;

1  There is a distinct difference between the hydraulic conductivity for Tertiary sediments from bores
in the Meadowbrook area compared to bores in the LVN area, with bores in the Meadowbrook area
generally recording a higher hydraulic conductivity. This is consistent with observations from drilling
data for each area, with the distinction also evident in the groundwater monitoring bore construction
logs that are presented in Attachment B (Meadowbrook bores) and Attachment C (LVN bores).

In bore LV27330S, where packer testing of the Rewan Group was undertaken over four discrete
intervals (Table 4-10) of the i |l ogged
a s siltstoneo . the overall permeability
recording a relatively low hydraulic conductivity that ranged from 3.46E-04 to 2.25E-03 m/day. This
relatively low hydraulic conductivity suggests that, despite containing sandstone lenses, the primary
porosity has been reduced (e.g. by the presence of either silt or cementation within the matrix) and that,
overall, the Rewan Group can be regarded as a low-permeability unit.

three ntervals were

However, of

The spatial variability of hydraulic conductivity data is shown in Figure 4-24, which shows:

1  The average hydraulic conductivity for each tested groundwater unit at each location (i.e. if there
are a number of data points within the Rewan Group of Permian sediments, these data points have
been averaged for display in Figure 4-24; data for discrete intervals is provided in Table 4-8, Table
4-9 and Table 4-10); and,

1  The average depth below ground level from which the data were obtained (if multiple data points
are available for the same groundwater unit at the same location, the depth data was averaged as
described above).

It is difficult to discern a spatial trend for the Permian coal measures due to the variability of K with depth
(as shown in Figure 4-23). The most evident trend is the overall lower K of Tertiary sediments in the
LVN area relative to the Meadowbrook area; these data have been obtained from similar depth,
therefore the trend is reflective of the generally sandier Tertiary sediments that are observed in the
Meadowbrook area relative to the LVN area.

Table 4-11: Summary Statistics for Available Hydraulic Conductivity Data

No. of Hydraulic Conductivity (m/day)

Groundwater Unit Sarcr){pcl)es Min. Max. Arithmetic | Harmonic Median Standard

Value Value Mean Mean Deviation

Quaternary Alluvium 2 0.80E-03 | 4.74E-02 | 2.86E-02 | 2.03E-02 | 2.86E-02 | 2.66E-02

Tertiary Sediments 9 2.73E-03 | 1.37E+00 | 3.16E-01 6.09E-03 | 6.39E-02 | 4.46E-01

Rewan Group 13 3.28E-05 | 5.58E-02 | 7.71E-03 | 6.56E-05 | 1.34E-03 | 1.56E-02

Permian Coal 25 1.52E-03 | 9.92E-01 | 2.21E-01 | 2.24E-02 | 7.19E-02 | 3.01E-01
Measures < 130 mbgl

Permian Coal 25 8.64E-07 | 9.14E-02 | 8.05E-03 | 2.03E-05 | 5.01E-04 | 2.44E-02
Measures > 130 mbgl

Permian Coal 50 8.64E-07 | 9.92E-01 | 1.14E-01 | 4.05E-05 | 1.11E-02 | 2.37E-01

Measures - All
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Figure 4-23: Plot of Hydraulic Conductivity Versus Depth
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4.5 Groundwater Recharge and Discharge

45.1 Assumptions

Recharge to the groundwater system within the model area is interpreted to be as follows:

il

Recharge is predominantly via rainfall and downward seepage from ephemeral creeks following
creek flow;

Recharge occurs directly to the Tertiary and Quaternary groundwater units, with the Permian coal
measures being preferentially recharged in areas where the coal seams subcrop beneath Tertiary
or Quaternary sediments. As noted in Section 4.3.1, recharge to the coal seams appears to be
enhanced where the creeks, particularly Phillips Creek, flow over the subcrop area.

Discharge from the groundwater system is assessed to occur as follows:

1

The majority of creeks are ephemeral, but may receive baseflow to the alluvium from the
groundwater system particularly in topographically lower areas (e.g. the alluvium of the Isaac River
to the east of the Project area);

Groundwater within coal seams moves generally down dip from the subcrop recharge areas, but
flow is terminated against faults where the seams are completely truncated. In these cases the
groundwater movement is expected to be towards areas of lower pressure, which may involve
upward movement to shallower groundwater systems where lateral movement can occur that is
generally in the direction of topography. Ultimately, groundwater movement is interpreted to honour
topography, therefore discharge towards major surface water systems such as the Isaac River is
expected to occur. It is noted that the Isaac River is ephemeral and therefore generally a losing
steam; therefore groundwater elevation contours in the area of the river would be expected to vee
downstream toward discharge areas at the base of the Isaac River alluvium.

Groundwater extraction occurs from landholder bores, but no data exists on flow rates. It is
assessed that groundwater extraction via landholder bores is likely to be intermittent and that the
volume of groundwater extracted is minor. Groundwater extraction from landholder bores is
therefore ignored in the groundwater model.

45.2 Estimatio n of Groundwater Recharge via CMB Method

Groundwater data from Meadowbrook and LVN groundwater monitoring bores has been used to provide
an estimate of groundwater recharge based on the chloride mass balance (CMB) method (Anderson,
1945), which utilises the concentration of chloride in rainfall and the concentration of chloride in

groundwater to provide an estimate of the net recharge rate to groundwater. The CMB equation is given

as:

ORI TR

on
0Q

Where: R = Recharge (mm/year).

P = Rainfall (mm/year).
Cp = Chloride concentration in rainfall (mg/L).

Cg = Chloride concentration in groundwater (mg/L).

Utilising the above formula, the recharge rates for each groundwater unit were calculated using the

following input data:

1

Average chloride concentration in rainfall for the Meadowbrook site of 4.7 mg/L, based on the
following inputs and calculations:
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0 An average chloride deposition rate for the Meandu Mine site of 26.6 kg/ha/year (CSIRO 2014);
0 An average annual rainfall at Meadowbrook (from SILO data) gauge of 563 mm/year; and,

0 26.6 kg/halyear = 2,660 mg/m?/year divided by 563 mm/year rainfall = chloride in rainfall of
4.7 mg/L.

Average chloride concentration of groundwater (combined Meadowbrook/LVN data i refer Table 4-12)
of:

0 6,404 mg/L for the Tertiary sediments;
0 6,804 mg/L for the Rewan Group; and,
0 8,786 mg/L for the Permian Coal Measures.

The calculated recharge rates to groundwater are relatively low, being less than 0.1% of average
annual rainfall for each groundwater unit and are shown below in Table 4-12

However, as noted above, it is interpreted that recharge is occurring preferentially at sites along
Boomerang Creek (W14-MB1) and Phillips Creek (2226-MB2, West-MB1, West-MB2); therefore
recharge rates have been calculated separately for these sites using mean chloride concentration
data for each site (Table 4-5, Table 4-6), with this data also shown below in Table 4-12.

From Table 4-12 it can be seen that the calculated recharge rate at these sites is significantly higher
than the calculated average for the individual groundwater unit, which supports the interpretation

of recharge at these sites that is also inferred from other groundwater quality data (Section 4.3)

Table 4-12: Calculated Recharge via CMB Method

Calculation for Individual Groundwater Units
Parameter Description Tertiary Rewan Group Permian Coal
Measures
Cy Mean chloride concentration in 6404 6804 8786
groundwater (mg/L)
Cp mg/L chloride in rainfall 4.8 4.8 4.8
P Annual average rainfall (mm) 558.9 558.9 558.9
Annual average recharge (mm) 0.42 0.40 0.31
0,
Recharge as /o_of average 0.075 0.071 0.055
annual rainfall
Calculation for Individual Bores where Recharge is Interpreted
2226-MB2 West-MB2
Parameter Description \?'/rleiﬁZrB)l (Rewan \?'/I%Sri-ig/er)l (Permian Coal
y Group) y Measures)
Cg Mean chloride concentration in 147 440 435 545
groundwater (mg/L)
Cp mg/L chloride in rainfall 4.8 4.8 4.8 4.8
P Annual average rainfall (mm) 558.9 558.9 558.9 558.9
Annual average recharge (mm) 18.40 6.14 6.21 4.95
0,
Recharge as /o_of average 399 110 111 0.89
annual rainfall
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4.6 Regional Groundwater Use

The locations of known private groundwater bores in the model area are shown in

Figure 4-25.

The bore locations are taken from the DoR Groundwater Database (version current to October 2021).

The groundwater unit that is screened by each bore is also shown in Table 4-13 and is based on:

1 Information contained within the Groundwater Database; or,

1  Where no information exists, the groundwater unit is interpreted based on bore location and bore
depth, and is based on the geological data discussed in Section 3.2

Groundwater use in the region is understood to include:

1 Livestock watering; and,

1  Domestic use.

As shown from Table 4-13, the groundwater units that are utilised by landowner bores within

the area shown in

Figure 4-25 include the Isaac River alluvium, Tertiary and Permian sediments.

Available groundwater quality data for the registered groundwater bores shown in

Figure 4-25 are shown below in Table 4-13 (based on available data from the DoR groundwater
database). For the majority of bores that are screened within the Isaac River alluvium, the water quality
within the
the groundwater quality, in terms of EC, ranges from 4,000 to ~7,000 pS/cm, which would make the
bores of marginal value for livestock watering use. It is noted that the data from the registered bores

groundwater database i s si mRerignsatienentsr i bed

comprises only one data value and tends to be of lower EC than the groundwater units encountered at
site (Section 4.3.1), with the exception of groundwater monitoring bores that are close to creeks where
it is interpreted that groundwater recharge is occurring.

Table 4-13: Summary Bore Information from DoR Groundwater Database
Screened

RN Easting | Northing Aquifer Interval Water Drilled Original
(AGD84) | (AGD84) q (mbgl) Quality* Date Bore Name
67216 | 655250 | 7526106 | Isaac River Alluvium | 3.66-4.57 | Good | Jun-1996 B'?geg‘";‘”k
67217 | 656650 | 7522490 | Isaac River Alluvium 0-33 Good Oct-1984 | Red Spear
67218 | 658515 | 7521249 | Isaac River Alluvium 0-33 Oct-1984 | Blue Spear
97180 | 654580 | 7527016 | Isaac River Alluvium 1?623 ) Good Jun-1996 Top bore
97181 656320 7523808 Isaac River Alluvium 11783279' Good Jun-1996 | Cutter Bore
97182 | 657833 | 7521659 | Isaac River Alluvium | =/:37- Good | 51996 | 2 Blue
18.29 Pump
97183 | 657305 | 7522099 | Isaac River Alluvium 17.68 - Good | 5,n-1996 8 Blue
18.29 Pump
122458 | 644869 7526590 Permian Sediments 38.5-50.5 4000 Mar-2006
132627 | 649450 | 7524848 Permian Sediments 35-40 Apr-2007
132628 | 648106 | 7523872 | Permian Sediments 85-95 Apr-2007
132631 | 635326 | 7527999 Permian Sediments 316 - 325 7290 Jan-2007
136689 | 635754 | 7528054 Permian Sediments 316 - 325 7290 Jan-2007
165975 | 634482 | 7525801 Quaternary- 6.5-9.5 Oct-2019
Undefined
165976 | 631380 | 7530499 Quaternary- 6.5-95 6217 | Oct-2019
Undefined
165977 | 635771 7527621 Permian Sediments 231 - 237 Brackish | Oct-2019
165978 | 635831 | 7527462 Quaternary- 7.2-10.2 6172 | Oct-2019
Undefined
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| 165979 | 635640 | 7527466 | Permian Sediments | 27.5-36.5 | 5596 | Oct-2019 | |

* Water quality descriptions are from the DoR Groundwater Database. Insomecasesonl y a descri ption such as
ABrackisho is provided. Where a numerical value ipSlcmprovi ded, th
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Figure 4-25: Locations of Registered Private Bores
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4.7 Conceptual Groundwater Model i Pre-Mining

Essential elements of the pre-mining conceptual model that have informed the groundwater model are
shown below in Figure 4-26 and are summarised as follows:

T  Groundwater Units

0 The surface geology in the Project area comprises mainly Tertiary-age alluvium (poorly
consolidated sand, silt and clay associated with prior meanderings of the current surface water
system), with recent (Quaternary) alluvium (sand, silt, clay) associated with the current location
of surface water features such as Boomerang Creek, Phillips Creek, Ripstone Creek and the
Isaac River. The Tertiary sediments tend to be sandier (and of higher permeability) in the
Meadowbrook Project area and siltier (and of lower permeability) in the LVN Project area,
generally south of Phillips Creek.

o All surface water features in the Project area (including the Isaac River) are ephemeral. The
alluvium of creeks such as Boomerang Creek, Phillips Creek and Ripstone Creek tends to be
dry, though the Quaternary alluvium may contain seasonal perched groundwater following wet
season rainfall and flow events that recharge the alluvium.

0 The Tertiary/Quaternary sediments are underlain by generally low-permeability sediments of the
Triassic Rewan Group and low permeability Permian sediments that are overburden/interburden
to the higher permeability coal seams that tend to act as the groundwater conduits within the
Permian strata. As shown in Figure 4-26, the Triassic/Permian strata dip generally from west
to east and tend to pinch out in the west (due to erosional weathering and the dip of the strata)
and be truncated to the east by faulting. Therefore, the Triassic/Permian unit that directly
underlies the Tertiary sediments changes across the Project area (refer also the solid geology,
Figure 3-1); this impacts on the recharge potential of the Triassic/Permian units, as discussed
further below.

1  Groundwater recharge and discharge:

0 Recharge to the groundwater system occurs either as direct recharge (in the case of Quaternary
and Tertiary groundwater units), or via diffuse downward recharge from overlying units. For the
Permian coal seams, groundwater recharge occurs preferentially where the coal seams subcrop
beneath Tertiary sediments and especially where the subcrop areas coincide with the locations
of ephemeral creeks, where recharge may occur in response to seasonal creek flow events;

o Groundwater within coal seams moves generally down dip from the subcrop recharge areas,
but flow is terminated against faults where the seams are completely truncated. In these cases
the groundwater movement is expected to be towards areas of lower pressure, which may
involve upward movement to shallower groundwater systems where lateral movement can occur
that is generally in the direction of topography.

o Ultimately, groundwater movement is interpreted to honour topography, therefore discharge
towards major surface water systems such as the Isaac River is expected to occur. It is noted
that the Isaac River is ephemeral and therefore generally a losing steam; therefore groundwater
elevation contours in the area of the river would be expected to vee downstream toward
discharge areas at the base of the Isaac River alluvium.

1 Hydraulic conductivity data:

o Allowing for slight differences that may be inherent in data from different test types (i.e.
packer/lugeon tests vs. slug tests) a decrease in permeability with depth is apparent for the coal
seams, Permian interburden and Rewan Group sediments;
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o There is a distinct difference between the hydraulic conductivity for Tertiary sediments from
bores in the Meadowbrook area compared to bores in the LVN area, with bores in the
Meadowbrook area generally recording a higher hydraulic conductivity. This is consistent with
observations from drilling data for each area, with the distinction also evident in the groundwater
monitoring bore construction logs that are presented in Attachment B (Meadowbrook bores) and
Attachment C (LVN bores).

1  Groundwater quality

o Groundwater quality is generally poor, with the majority of groundwater monitoring bores at the
Meadowbrook and LVN sites recording a groundwater EC >10,000 pS/cm and in many cases
>20,000 puS/cm. Occurrences of lower EC groundwater (i.e. <4,000 uS/cm) are associated with
groundwater recharge along features such as Phillips Creek and Boomerang Creek. The water
type at the lower EC sites tends to be sodium-bicarbonate water type, rather than the sodium-
chloride water type that is observed in higher EC bores, which supports an assessment of
groundwater recharge at these sites.

The post-mining conceptual groundwater model is presented in Section 5.8 and Figure 5-15.
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5.0 GROUNDWATER MODELLING

5.1 Introduction

Three-dimensional numerical groundwater modelling has been undertaken for the Meadowbrook Project
by SLR Consulting Australia Pty Ltd (SLR) and reported in SLR (2022), with the modelling report included
as Attachment A to this report. The modelling was undertaken using the Olive Downs Project model (the
foundational model i Hydrosimulations 2018), which has been expanded over time to include the Moorvale
South Project (SLR 2019), the Winchester South Project (SLR 2020) and the Caval Ridge Expansion
Project (SLR 2021). Detailed information on hydrogeological units, hydraulic properties and groundwater
levels was available for each of these projects, which has enabled construction of a regional groundwater
model that includes the major mining projects in the vicinity of the Meadowbrook and Lake Vermont North
(LVN) Projects, thus allowing assessment of cumulative impacts from mining operations. The model area,
as well as the mining projects that are included in the model, are shown below in Figure 5-1.

In addition to the projects discussed above, the updated Meadowbrook groundwater model includes:

1  Enhanced geological detail (groundwater unit occurrence and elevations, faulting) in the area of the
Meadowbrook and LVN Projects;

1 Inclusion of the Saraji open pit and underground mines to the west of the Meadowbrook Project. It
should be noted that no data were available from these operations at the time of reporting, therefore
the operations were not included to the same level of detail as for other operations where data sharing
agreements were in place. Nevertheless, the updated Meadowbrook model includes all known mining
operations within the model area and therefore allows assessment of the cumulative impacts from all
operations shown in Figure 5-1 and discussed in Section 6.2.8.

The groundwater model includes 19 layers, as shown in Table 5-1. The main units that are present in the
Meadowbrook/LVN area are represented by Layers 1 to 11.

Construction of the groundwater model, including detail of the steady-state and transient calibration
process, sensitivity analysis and uncertainty analysis, are discussed in the groundwater modelling technical
report (SLR 2022, Attachment A) and is not discussed further in this report. The results of predictive
groundwater modelling are discussed in Section 5.3 below.
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Table 5-1: Model Layers and Thicknesses (adapted from SLR 2022)

I\Iflg)?:rl Formation Unit Thiﬁ\k/ﬁre?sg']se(m) Comment
1 Alllfl_\glrjt?;’r;g!us\g;:m’ Surface cover 6.5
Tertiary sediments, Tertiqry and minor Triass.ic
2 Tertiary basalt Clematis, wgathered Permian, 16.5
Tertiary basalt
Rewan Group Triassic 139.0
Leichhardt overburden 36.0
5 Leichhardt seam 4.9 Coal seam mined at
Meadowbrook
6 Rangal Coal Measures Interburden 36.5
7 Vermont seam 4.0 Coﬁ/llesaeggv?rlggs at
Vermont underburden 26.5
Fort Cooper overburden 61.5
10 FortN(lleoaoS%erreSCoal Fort Cooper seams (combined) 61.5
11 Fort Cooper underburden 60.0
12 Q Seam 15
13 Interburden 17.0
14 P Seam 25
15 Moranbah Coal Interburden 41.0
16 Measures H Seam 45
17 Interburden 65.5
18 D Seam 8.5
19 Interburden 100.0
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5.2 Mining Sequence

Underground mining at Meadowbrook will involve mining of both the Leichhardt Lower (LHL) and the
underlying Vermont Lower (VL) coal seams, with open cut mining of the coal seams planned in the
southwest of the Meadowbrook area where the seams subcrop.

The sequence of underground mining for both the Leichhardt Lower and Vermont Lower coal seams is
shown in Figure 5-2. Mining of the Leichhardt Lower seam occurs only in the northern Project area, within
MDL429, as the seam thins and becomes uneconomic to the south of the mining area (refer also geological
cross sections Figure 3-7 and Figure 3-8.

The mining sequence shown in Figure 5-2 was incorporated into the groundwater model (SLR 2022).
Output from the predictive modelling is discussed below in Section 5.3.
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Figure 5-2: Mining Sequence for Leichhardt Lower (LHL) and Vermont Lower (VL) Seams (source: SLR 2022)
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5.3 Predictive Modelling

5.3.1 Modelled Scenarios

The procedure for Predictive modelling is discussed in the groundwater modelling report (SLR 2022).

Output from the predictive modelling phase is presented and discussed as follows:

il

The predicti vceasneodd etlh aftbasse di scussed in this secti

o Incorporation of mining of the Meadowbrook underground in accordance with the mining schedule
discussed in Section 5.2;

0 Inclusion of mining in the Meadowbrook open cut (discussed in SLR2022as t he fASat

It should be noted that the base-case that is discussed in the groundwater modelling report (SLR 2022)
is different from the base-case scenario that is discussed in this report, with differences summarised
as follows:

0 The base-case in the modelling report (SLR 2022) included all approved and foreseeable mining
in the region and at Lake Vermont Mine, but excluded mining at the Meadowbrook underground
mine and satellite pit;

0 The base-case discussed in this report included only mining at Meadowbrook underground mine
and the satellite pit. This data set was created for JBT by SLR to enable the distinct impacts of the
Meadowbrook operation to be discussed in this report;

o The cumulative case in the modelling report (SLR 2022) included all approved and foreseeable
mining in the region and at Lake Vermont/LVN mine, as well as the Meadowbrook underground
mine and satellite pit. This is the same cumulative mining case that is presented and discussed in
Section 6.2.8 of this report.

5.3.2 Discussion of Results

Predictive modelling results are discussed below in terms of groundwater level drawdown in:

f
f
f
f
f
5.

Model Layer 1 (Quaternary Alluvium)

Model Layer 2 (Tertiary sediments)

Model Layer 3 (Rewan Group)

Model Layer 5 (Leichhardt Coal Seam); and,

Model Layer 7 (Vermont Coal Seam)

3.2.1 Layer 1 i Quaternary Alluvium

Contours of predicted drawdown at end of mining in the Quaternary alluvium are shown in Figure 5-3, which

contains three plots:

f
1

The upper left plot shows the predicted groundwater level drawdown at the end of mining;

The upper right plot shows the predicted drawdown at the maximum extent of drawdown (i.e. the
maximum lateral extent), which occurs after the end of mining; and,

The lower left plot shows the post-mining equilibrium drawdown, i.e. the steady-state water level
drawdown when the full extent of post-mining recovery has occurred.

With reference to Figure 5-3, the water level discussion in Section 4.2.1 of this report, and the groundwater
modelling report (SLR 2022) it is observed that:

il

The two alluvium monitoring bores along Boomerang Creek are W4_MB1 and W3_MB1. Available
groundwater monitoring data indicates that the water level is close to the base of bore. The water
level in the calibrated groundwater model underpredicted the water level in these bores by 6 1 8 m
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(i.e. the water level in the model was below the observed water level in the bore), making the alluvium
dry at these locations in the model.

The location where Layer 1 was partially saturated in the model (i.e. the modelled water level was
above the base of alluvium) is at bore W14 MB1, which is a Tertiary monitoring bore. As noted in
Section 3.3.1, this site contains sand from surface to approximately 18 mbgl, with the boundary
between Quaternary alluvial sands and the underlying Tertiary sands difficult to determine. The
groundwater model predicted a water level within the alluvium at this location, but at all other locations
within the Meadowbrook project area the alluvium is dry. This is why drawdown within the alluvium is
centred at this location.

At the maximum extent of drawdown, which occurs post-mining, an area of drawdown is observed at
the confluence of Boomerang Creek and Ripstone Creek, which coincides with the maximum extent
of drawdown in the underlying Tertiary aquifer (Figure 5-4). As discussed in Section 3.3.1 and Section
4.2.1, itis assessed that the Quaternary alluvium in Boomerang Creek and Ripstone Creek is likely to
be only seasonally saturated, with downward seepage to underlying units resulting in dry alluvium for
the majority of the year. The implications of this observation for potential groundwater dependent
ecosystems is discussed below in Section 5.3.2.2 and also in Section 6.2.1.

At post-mining equilibrium, the residual drawdown is less than 1 m and, in the area of bore W14 _MB1,
the Quaternary water level is approximately 1 m higher than the pre-mining level. This is due to
seepage to the groundwater system from depression in the final rehabilitated pit landform to the
Tertiary sediments (refer to Section 5.7 for discussion of post-mining groundwater level recovery).

5.3.2.2 Layer 2 - Tertiary sediments

Contours of predicted drawdown in the Tertiary sediments are shown in Figure 5-4, which contains three
plots as discussed above for the Quaternary alluvium figure. Observations include:

1

At end of mining the 20 m drawdown contour is centred on the area of underground mining. It is noted
that this is the approximate saturated thickness of the Tertiary sediments in that area, indicating that
the Tertiary sediments have been drained in the central area of mining.

At maximum extent of drawdown the 20 m drawdown contour has expanded to include the majority of
the underground mining area and the 1 m drawdown contour has extended east to the confluence of
Boomerang Creek and Ripstone Creek.

The post-mining equilibrium drawdown plot shows a groundwater mound, approximately 4 m above
the pre-mining groundwater level, that is centred on the rehabilitated landform pit of the Meadowbrook
open cut (refer Section 5.7 for further discussion), with the 1 m limit of mounding extending to the
north-east extent of underground mining.

5.3.2.3 Layer 3 - Rewan Group

Contours of predicted drawdown in the Rewan Group sediments are shown in Figure 5-5, which contains

three plots as discussed above for the Quaternary alluvium figure. Observations include:

il

The drawdown contours in each plot have been clipped to the extent of the Rewan Group sediments,
i.e. the Rewan Group crops out to the west due to the dip of the strata, and is terminated by the Isaac
Fault to the west of the mining area (refer also to the west-east cross sections (Figure 3-7)). Drawdown
within the Rewan Group is therefore terminated at the western and eastern extents of the formation.

Mining-induced drawdown at end of mining is greatest in the central area of underground mining and
at maximum extent of drawdown is centred on the northern underground panels; and,
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1 At post-mining equilibrium the water level in the Rewan Group has fully recovered and a groundwater
mound, approximately 4 m above the pre-mining groundwater level, is centred on the rehabilitated pit
landform of the Meadowbrook open cut (refer Section 5.7 for further discussion). The 1 m limit of
mounding extends almost to the north-east extent of underground mining, but the extent is slightly less
than observed in the overlying Tertiary sediments.

5.3.2.4 Layer 5 - Leichhardt Coal Seam

Contours of predicted drawdown in the Leichhardt Coal Seam are shown in Figure 5-6, which contains
three plots as described above. The drawdown contours have also been clipped to the formation extent of
the coal measures, as described above for the Rewan Group contours. From Figure 5-6 it is observed that:

1  Mining-induced drawdown at end of mining is greatest in the central area of underground mining and
at maximum extent of drawdown is centred on the northern underground panels., with the maximum
extent of at the end of mining is centred on the underground panels where mining of the Leichhardt
Seam occurs, as would be expected. At end of mining the 5 m drawdown contour extends
approximately 1.2 km north of the northern underground mining area, extending to approximately 7.5
km at maximum extent of drawdown. From Figure 5-6 (Section 5.7) it is observed that recovery occurs
in the central mining areas immediately post-mining, but drawdown extends laterally for some time as
water is sourced from lateral areas to fill the central cone of depression.

1 At post-mining equilibrium the water level in the Leichhardt Seam has fully recovered and a
groundwater mound, approximately 4 m above the pre-mining groundwater level, is centred on the
rehabilitated pit landform of the Meadowbrook open cut (refer Section 5.7 for further discussion). The
extent of mounding is similar to that observed for the overlying Tertiary and Rewan Group sediments.

5.3.2.5 Layer 7 - Vermont Coal Seam

Contours of predicted drawdown in the Vermont Coal Seam are shown Figure 5-7, which contains three
plots as described above. The drawdown contours have also been clipped to the formation extent of the
coal measures, as described above for the Rewan Group contours. From Figure 5-7 it is observed that:

1  The extent of drawdown at end of mining and maximum extent of drawdown is similar to that observed
for the Leichhardt Seam. However, the depth of drawdown is greater for the Vermont Seam due to
the greater depth of mining for this unit.

1 At post-mining equilibrium the water level in the Vermont Seam has fully recovered and a groundwater
mound, approximately 4 m above the pre-mining groundwater level, is centred on the rehabilitated
landform pit of the Meadowbrook open cut (refer Section 5.7 for further discussion). The extent of
mounding is similar to that observed for the overlying sediments (Leichhardt Seam, Rewan Group and
Tertiary.
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5.4 Sensitivity Analysis and Uncertainty Analysis

Sensitivity analysis and uncertainty analysis has been carried out on the numerical groundwater model,
with the methodology and results discussed in the Groundwater Modelling Technical Report (SLR 2022),
which is included as Attachment A to this report.

5.5 Additional Sensitivity Scenario 1 Fracturing to Surface

The SLR base-case model (SLR 2022) assumed height of fracturing scenarios from the Meadowbrook
subsidence prediction report (Gordon Geotechnics 2022) as follows:

1  For a single-seam mining scenario (e.g. areas where only the Vermont Lower Seam is extracted), a
zone of continuous fracturing extending to approximately 120 m above the extracted seam; and,

1  For a dual-seam mining scenario (e.g. areas where bore the Vermont Lower and Leichhardt Lower
seams are extracted), zone of continuous fracturing extending to approximately 180 m above the
extracted seam.

Over most of the mining area, the above scenario resulted in the extension of continuous fracturing through
the coal seams and Leichhardt overburden and into the basal portion of the Rewan Group (refer Section
2.4.5.2 of SLR 2022). However, it was assessed as best practice for the subsidence report to include a
worst-case sensitivity assumption of continuous fracturing to surface; therefore a sensitivity scenario was
included in the numerical groundwater model (SLR 2022) that included an assumption of fracturing to
surface. The difference in drawdown compared to the base-case drawdown (Section 5.3.1) is shown below
in Figure 5-8 (Layer 2 - Tertiary Sediments), Figure 5-9 (Layer 3 - Rewan Group) and Figure 5-10 (Layer 5
- Leichhardt Seam). No contours have been prepared for:

1 the Quaternary sediments (Layer 1) as this layer is mostly dry and the impacts on shallow groundwater
are therefore assessed via Layer 2 (Tertiary) drawdown; or,

1 the Vermont Seam (Layer 7), as the results for this seam were unchanged for either scenario (as this
unit was fully fractured for each scenario)

Each of the figures shows the following:

1  The baseline drawdown contours (left plot);

1  The fracture-to-surface scenario drawdown contours (middle plot); and,
1  The difference in drawdown between the two scenarios.

From the figures it is observed that:

1  The extent of drawdown (as defined by the 1 m drawdown contour) is similar for each scenario, i.e.
the extent of drawdown has not significantly increased;

1  ForLayer 2 (Tertiary), the 1 m drawdown contour for the fracture to surface case is west of the junction
of Ripstone Creek and Boomerang Creek and is approximately 3 km from the closest point of the Isaac
River. As discussed in Section 6.2.2, the groundwater model predicts that there are no water balance
impacts from the Meadowbrook Project on the Isaac River.

1  For all cases, the majority of additional drawdown for the fracture-to-surface scenario is observed in
the area above the underground mining panels.

Implications for changes to mine inflow rate are discussed in Section 5.6 below.
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Figure 5-8: Difference Between Base-Case and Fracture to Surface Drawdown i Layer 2 (Tertiary Sediments)
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