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1.0 Introduction

The Revised Preferred Project Report and Response to Second PAC Review (Revised Preferred Project
Report) for the Russell Vale Revised Underground Expansion Project (Umwelt, 2019a) was placed on public
exhibition from 1 August to 29 August 2019. This Submissions Report has been prepared to address the key
issues raised in the submissions received during the public exhibition period. The Submissions Report is
divided into two separate reports. Part A was submitted to DPIE in November 2019 and addressed all key
issues raised, apart from groundwater. This Submissions Report - Part B responds to groundwater issues
raised by the Department of Planning, Industry and Environment — Water (DPIE-Water) and other
submissions.

The Russell Vale Colliery (the Colliery) is an existing underground coal mine located in Russell Vale, north of
Wollongong in NSW (refer to Figure 1.1) that is owned and operated by WCL. The Colliery has been on ‘care
and maintenance’ since 2015 and the current Project Approval applying to mining operations at the Colliery
requires that no mining occur after 31 December 2015. WCL is seeking Project Approval under the
Environmental Planning and Assessment Act 1979 (EP&A Act) to expand the mining operations at the
Colliery. This ongoing application is referred to as the Underground Expansion Project (UEP).

During public exhibition, 213 submissions were made on the Revised Preferred Project. This included 11
government agency submissions and 202 community and interest group submissions. The 202 submissions
received from the community and interest groups included 131 submissions objecting to the Revised
Preferred Project, 70 submissions in support, and one submission providing a comment on the Revised
Preferred Project.

This Submissions Report - Part B includes:

e asummary of actions relating to groundwater that have been undertaken since exhibition. These
include expert peer review of the groundwater assessment, conduct of detailed uncertainty analysis in
relation to modelling predictions, and expert peer review of the uncertainty analysis (Section 2.0)

e adetailed response to matters raised by DPIE-Water relating to groundwater (Section 3.0)

e the additional management and mitigation measures proposed by WCL as an outcome of this Part B
report (Section 5.0)

e an updated evaluation of the merits of the Revised Preferred Project (Section 6.0).

An overview of the Revised Preferred Project is provided in the Submissions Report - Part A (Umwelt
2019b), with the project described in detail in the Revised Preferred Project Report (Umwelt 2019a).

Russell Vale Colliery Revised Underground Expansion Project Introduction
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2.0 Actions Undertaken Since Exhibition

As outlined in Submissions Report — Part A (Umwelt 2019b), since the exhibition of the Revised Preferred
Project, a number of actions have been taken based on the submissions received. These include:

e project changes to address issues raised in submissions

e further assessment of project changes and key aspects raised in submissions
e peer review of the Subsidence Assessment

e further agency consultation

e consideration of the Independent Expert Panel for Mining in the Catchment’s (IEPMC) second report on
the impact of mining activities in the Greater Sydney Water Catchment Special Areas that was released
following exhibition.

In addition, further works have been undertaken in relation to the assessment of groundwater impacts of
the Revised Preferred Project. The additional works undertaken have included:

e expert peer review of the Groundwater Assessment (refer to Section 2.2)
e detailed uncertainty analysis of the modelling predictions (refer to Section 2.3)
e expert peer review of the uncertainty analysis (refer to Section 2.4)

e update to the Groundwater Assessment Report to take account of the abovementioned further expert
review and analysis, in addition to restructure and additional clarification in response to the DPIE -
Water and other submissions (refer to Section 2.1)

2.1 Revised Groundwater Assessment Report

As a result of the submissions received and peer review processes undertaken, several revisions were made
to the Groundwater Assessment Report to provide further clarity around model set-up and additional
context regarding the history of mining at Russell Vale and the various studies undertaken as part of the
Underground Expansion Project. The Revised Assessment Report prepared by Geoterra is included as
Appendix 1. The revisions included:

e aligning the structure of the report to the general structure recommended (but not required) by the
Australian Groundwater Modelling Guidelines, as requested by DPIE-Water

e provision of additional context relating to previous groundwater assessment completed as part of the
ongoing assessment process for the Underground Expansion Project

e revision to figures to improve clarity on model setup, performance, results and uncertainties
e amendments to address peer review comments (refer to Section 2.2)
e inclusion of the detailed Uncertainty Analysis (as discussed in Section 2.3)

e clarifications and additional information to address Agency comments.

Russell Vale Colliery Revised Underground Expansion Project Actions Undertaken Since Exhibition
3687_R14_Submissions Report - Part B_Final 3



Y 11
umwelt

While the Revised Assessment Report includes a number of revisions and clarifications in response to
submissions and the peer review process, there has been no material change to the overall groundwater
assessment outcomes for the Revised Preferred Project.

2.2 Groundwater Peer Review

In response to the DPIE-Water submission, WCL commissioned a peer review of the Revised Groundwater
Assessment Report by Dr Noel Merrick. A copy of the groundwater peer review report is provided as
Appendix 2, with a summary of the key conclusions provided in this section.

It is noted that Dr Merrick also has prepared peer reviews for previous versions of the UEP groundwater
assessment involving earlier longwall mine plans in both September 2015 and June 2014.

The peer reviewer notes that the impacts of importance for the Revised Preferred Project are stipulated in
the NSW Aquifer Interference Policy, and the reviewer concludes that the relevant minimal impact
considerations of this policy have been addressed in full.

The peer reviewer found that the Russell Vale Groundwater Model has been developed competently and is
“fit for purpose” for addressing the potential environmental impacts from the proposed underground
mining operations and for estimating indicative dewatering rates.

Independent assessment of water takes undertaken by the peer reviewer indicates close agreement for the
nominated porous rock water take during Project mining, but about double the take from the surface water
source due to reduction of baseflow reporting to the three major relevant streams, due to all Wongawilli
Seam mining. The reviewer notes however that the impact magnitudes are small. Even at the “very unlikely
to be exceeded” level, the worst-case impact attributable to the Revised Preferred Project is about 3
ML/year at Cataract Creek. The worst-case predicted impact on Cataract Reservoir is less than 1 ML/year.

The peer review notes that uncertainty in modelling predictions has been assessed by a rigorous IESC-
compliant Monte Carlo uncertainty analysis and separately peer reviewed. The major finding of this analysis
being that there is expected to be negligible drawdown, even at the 90th percentile, of the water table in
surficial layers in contact with local streams and the Cataract Reservoir (refer to Section 2.3).

The peer review goes on to conclude that due to the substantial depressurisation that has been caused by
earlier mining at the subject mine, and at neighbouring historical mines, the additional effects of mining the
Wongawilli Seam with non-caving first workings are considered minor.

2.3 Uncertainty Analysis

In response to the DPIE-Water submission, WCL commissioned HydroAlgorithmics to prepare an
Uncertainty Analysis for the Revised Groundwater Assessment Report (refer to Appendix C of Appendix 1).

The Uncertainty Analysis addresses parameter uncertainty by stochastic modelling using the Monte Carlo
method: generating numerous alternative parameterisations of the deterministic flow model (realisations),
executing the model independently for each, and then aggregating the results for statistical analysis.

Uncertainty was assessed on hydraulic conductivity, recharge, evapotranspiration, specific storage and
specific yield properties throughout the model. Statistics on key predictive outputs were computed from
the results of the 141 accepted model runs (refer to Appendix 1). Percentile results were calculated from
the Monte Carlo outputs strictly on a conservative ‘round to higher value’ basis, and are represented as
‘probabilities of exceedance’ in five categories: ‘very likely’ (90%), ‘likely’ (67%) ‘about as likely as not’
(50%), ‘unlikely’ (33%) and ‘very unlikely’ (10%).

Russell Vale Colliery Revised Underground Expansion Project Actions Undertaken Since Exhibition
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Drawdown, additional mine inflow and streamflow impact results were all computed on the difference
between the impacted and baseline scenarios. The impacted scenario simulates all mining, including
the proposed new workings. The baseline scenario simulates all prior and continuing mining except the
proposed new workings. Table 2.1 presents probabilities of exceedance for mine inflows and streamflow

impacts. All flow results presented are the maximum flow over time. The distribution of model calibration
error is also shown for reference.

Table 2.1 Probability of exceedance of mine inflows and streamflow impacts, and the calibration error
distribution

About as likely | Unlikely | Very unlikely
as not (50%) (33%) (10%)

Very likely

H 0,
(90%) Likely (67%)

Peak total mine inflow (ML/year)

Peak additional mine inflow due to
proposed workings (ML/year)

Additional baseflow impact to
Cataract River (ML/year)

Additional baseflow impact to
Cataract Creek (ML/year)

Additional baseflow impact to
Bellambi Creek (ML/year)

Calibration error (SRMS)

A key finding of the uncertainty analysis is that there is expected to be negligible drawdown, even at the
90t percentile, of the water table in surficial layers in contact with local streams and Cataract Reservoir.

For reductions in baseflow to the three major local streams, the uncertainty bandwidths are wide but the
impact magnitudes are small. Even at the “very unlikely to be exceeded” level, the worst-case impact is
about 3 ML/year at Cataract Creek. The worst-case predicted impact on Cataract Reservoir via a transfer of
water from the storage to depressurised strata below the reservoir is less than 1 ML/year.

2.3.1 Difference in Predictions from Uncertainty Analysis and GeoTerra/GES
Groundwater Assessment

The Uncertainty Analysis results predict base flow impacts that are higher than those modelled by
GeoTerra/ GES however the predicted impacts on baseflows remained small, with the worst-case impact
about 3 ML/year at Cataract Creek and 1 to 1.6 ML/year at Bellambi Creek and Cataract River respectively
(refer to Table 2.1).

In order to run the Uncertainty Analysis, some minor changes to the model settings were required which
are identified in the Uncertainty Analysis and the original MODFLOW-SURFACT model was converted to an
equivalent MODFLOW-USG model to allow model execution in the cloud.

As part of the Peer Review process, Dr Noel Merrick analysed three scenarios to identify the incremental
impacts of existing mining in the Wongawilli seam at Russell Vale and the incremental impacts associated
with the Revised Preferred Project. From these model runs the impacts on baseflows in Cataract Creek,
Bellambi Creek and Cataract River for each of the existing approved and proposed mining in the Wongawilli
Seam were obtained relative to a No-Wongawilli Seam mining scenario. These predictions generally align
to incremental impacts relative to approved mining conditions prior to the start of the relevant water
sharing plans.

Russell Vale Colliery Revised Underground Expansion Project Actions Undertaken Since Exhibition
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Figure 2.1 graphs the predicted cumulative reduction in baseflow from Cataract Creek, Cataract River and
Bellambi Creek over an approximately 200 year period following mining and is taken from data obtained
from the model peer review process. The Existing scenario shown in Figure 2.1 represents the impacts on
baseflows that will occur over time if the Revised Preferred Project does not proceed. As can be seen from
Figure 2.1, the Revised Preferred Project results in a minor increase in maximum take of approximately
2ML/year, and delays the recovery relative to existing approved conditions.

Table 2.2 shows the predicted maximum baseflow losses under the scenarios modelled. Due to the peak
impacts on each stream system occurring at different times, the cumulative impact on the catchment is
lower than the sum of the maximum impact to each catchment component. These predictions also
represent reductions in inflows to the Cataract Reservoir.

While the predicted impacts from the HydroAlgorithmics model runs shown in Table 2.2 are higher than
identified in the Geoterra/GES Groundwater Assessment, the differences are not considered to be
significant. These predicted cumulative impacts on baseflows and inflows to Cataract Reservoir represent
less than 0.5% of streamflow from Cataract Creek alone and are unlikely to be measurable and these
reductions are small relative to the operating storage of Cataract Reservoir of 97,190 ML.

2.4 Uncertainty Analysis Peer Review

An independent peer review of the uncertainty analysis was conducted by Dr Frans Kalf of Kalf and
Associates. A copy of the Uncertainty Analysis peer review is included in Appendix 3.

The peer review of the Uncertainty Analysis indicated that ‘the analysis presented by HydroAlgorithmics
(HA) is considered to be suitable and valid’.

Russell Vale Colliery Revised Underground Expansion Project Actions Undertaken Since Exhibition
3687_R14_Submissions Report - Part B_Final 6
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Figure 2.1 Cumulative Baseflow Impact due to Wongawilli Seam Mining at Russell Vale
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Table 2.2 Maximum Baseflow Losses due to mining in Wongawilli Seam at Russell Vale

Cataract Creek

Bellambi Creek

Cataract River

All Catchments

. Existing Existing Existing Existing
Cumulative ... | Increment .. | Increment ... | Increment .. | Increment
. Wongawilli . | Wongawilli . | Wongawilli . | Wongawilli
(with due to Cumulative due to Cumulative due to Cumulative due to
Project) Seam Project Seam Project Seam Project Seam Project
] Mining ] Mining J Mining ) Mining J
Max
Baseflow
Loss 0.047 0.043 0.005 0.003 0.001 0.002 0.011 0.009 0.002 0.057 0.051 0.006
(ML/day)
Max
Baseflow
Loss 17.3 15.5 1.74 1.2 0.5 0.66 3.87 3.21 0.66 20.87 18.55 2.32
(ML/Year)

Russell Vale Colliery Revised Underground Expansion Project
3687_R14_Submissions Report - Part B_Final

Actions Undertaken Since Exhibition
8




Y i
umwelt

3.0 Department of Planning, Industry and
Environment — Water

DPIE-Water provided a submission on the Revised Preferred Project on 3 October 2019 on behalf of both
DPIE-Water and the Natural Resource Access Regulator (NRAR). This submission outlined some general
concerns in relation to groundwater modelling, water licensing and groundwater monitoring.

In order to provide an appropriately detailed response to the concerns raised by DPIE-Water, WCL met with
DPIE-Water on 21 October to seek further clarification of the issues raised. Following this meeting DPIE-
Water provided a detailed set of comments dated 18 September 2019 expanding on the general concerns
outlined in their submission dated 3 October 2019.

While DPIE-Water’s comments have largely been addressed through the provision of a Revised
Groundwater Assessment Report (refer to Appendix 1), Uncertainty Analysis (refer to Appendix C and
Appendix 1) and peer reviews of the Revised Groundwater Assessment Report (refer to Appendix 2) and
Uncertainty Analysis (refer to Appendix 3), a brief response to each of the matters raised in the initial and
detailed submissions is provided in the following sections.

3.1 DPIE-Water — Initial Submission dated 3 October 2019

We advise there are a number of concerns related to the proposal:

o The groundwater model requires further refinement to meet the requirements of the Australian
Groundwater Modelling Guidelines (2012). It currently does not adequately consider cumulative
effects of historic, current and planned operations by this proposal and other mines in the area.

o The proponent needs to demonstrate that they have or are able to obtain sufficient shares of
water from relevant water sources.

e The groundwater monitoring information lacks the detail required to confirm the predictions
derived from the modelling, as well as management measures to address unpredicted events or
anomalous results.

o The groundwater model requires further refinement to meet the requirements of the Australian
Groundwater Modelling Guidelines (2012). It currently does not adequately consider cumulative
effects of historic, current and planned operations by this proposal and other mines in the area.

The groundwater model includes consideration of cumulative impacts from historical and approved mining
as well as the proposed mine plan. The model was developed and run prior to the submission of the
Dendrobium Mine Extension Project and does not include the mining proposed by this project. It is noted
however that the predicted impacts from that Project are unlikely to be observable in the area potentially
impacted by the Revised Mine Plan and the omission of this proposed (but not approved) mining from the
cumulative impact considerations is not considered to be material.

It is also noted that considerable effort to calibrate the model based on monitoring of groundwater impacts
associated with recent mining at Russell Vale Colliery was undertaken as part of the model set up.

To assist in the assessment of the Revised Preferred Project, a Revised Assessment Report (attached as
Appendix 1) has been prepared which aligns the structure of the report to the general structure
recommended (but not required) by the Australian Groundwater Modelling Guidelines. The model itself has
not been updated however HydroAlgorithmics Pty Ltd has been engaged to undertake an uncertainty

Russell Vale Colliery Revised Underground Expansion Project Department of Planning, Industry and Environment — Water
3687_R14_Submissions Report - Part B_Final 9
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analysis of the groundwater model predictions and this is included as Appendix C of the Revised Assessment
Report (refer to Appendix 1). Dr Noel Merrick has undertaken a peer review of the model and a draft of the
Revised Assessment Report having regard to the comments raised by DPIE-Water and NRAR (refer to
Appendix 3). As HydroAlgorithmics has undertaken the uncertainty analysis, this component of the
modelling and report has been separately peer reviewed by Frans Kalf of Kalf and Associates Pty Ltd (refer to
Appendix 3).

This Revised Assessment Report includes a clearer breakdown of the predicted cumulative impacts from
historical and existing approved operations and predicted impacts from the proposed Revised Mine Plan.

In assessing the Revised Preferred Project, it is to be borne in mind that the primary driver of groundwater
impacts associated with mining at Russell Vale Colliery is the existing approved and completed mining
operations which include multi seam mining in three seams with adits accessing these workings from the
eastern face of the Illawarra Escarpment. The proposed mine plan has been specifically designed to avoid
subsidence induced cracking which further mitigates against significant additional groundwater impacts. No
new adits will be constructed as a result of the Revised Preferred Project and the Revised Preferred Project
itself will not result in any change to these adits. One of the predicted impacts from the Revised Preferred
Project is the progressive flooding of the underground workings (which dip to the west) to the lowest point
of the adit in the Wongawilli Seam and the eventual egress of water from the adit. This flooding and outflow
will occur irrespective of whether the Revised Preferred Project occurs, with the Revised Preferred Project’s
primary impact being the delay to egress due to the slightly larger underground storage volume due to
increased mined areas. Flow rates from the adit are predicted to be similar for both the existing approved
conditions and the Revised Preferred Project and the Revised Preferred Project is unlikely to have any
adverse impact on the quality of this water given the seam being mined is the same as has already been
mined. The Revised Assessment Report has been updated to better clarify the context within which the
Revised Preferred Project’s impacts are to be considered.

e The proponent needs to demonstrate that they have or are able to obtain sufficient shares of water
from relevant water sources.

As discussed in Revised Preferred Project Report, Wollongong Coal hold sufficient groundwater licence
allocation to cover maximum predicted licensable take associated with the Russell Vale Colliery operations.

Predicted surface water take associated with underground mining operations is modelled as being
relatively small and is unlikely to be measurable in terms of changes to streamflow. It is noted that the
predicted licensable take is well within Wollongong Coal’s harvestable rights entitlements within the
catchment.

As discussed in the Submissions Report - Part A, WCL is currently investigating trading options to acquire
sufficient surface water entitlements to account for predicted levels of depressurisation from both
historical mining operations and the Revised Preferred Project. In the event that sufficient entitlement
cannot be acquired via trading options, WCL will consider a range of alternative mechanisms in consultation
with the Natural Resources Access Regulator, including:

e Offset via apportionment from current groundwater entitlements

e Offset of surface water basic landholder right for harvestable rights from WCL Freehold land within the
water sharing plan

e Direct controlled allocation by the Department/Minister of additional entitlement from the MZ under
Section 65 of the Water Management Act, 2000

e Other mechanism to be determined in consultation with NRAR.

Russell Vale Colliery Revised Underground Expansion Project Department of Planning, Industry and Environment — Water
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e The groundwater monitoring information lacks the detail required to confirm the predictions derived
from the modelling, as well as management measures to address unpredicted events or anomalous
results.

There is a comprehensive groundwater and surface water monitoring network in place within the proposed
mining area. The proposed mining methods employ well understood mining techniques with high factors
of safety. The modelled groundwater impacts are consistent with what would be expected from the
conceptual model having regard to the negligible (<0.01% per year) risk of pillar failure.

Existing management plans contain measure for managing unpredicted events and these management
plans will be updated to cover the proposed mining.

3.2 DPIE-Water — Detailed Submission dated 19 September 2019

Responses to the issues raised in the detailed DPIE-Water Submission in relation to the Groundwater
Assessment have been provided by Geoterra and are outlined below.

1 The report
a. Modelling work and results are presented as part of an environmental assessment report.

b. The report structure and content do not meet reporting requirements outlined in the
Australian Groundwater Modelling Guidelines (AGMG-2012) and subsequent explanatory
notes.

The report structure is difficult to follow and some information seems to be misplaced.
. The report does not include a glossary and list of abbreviations, acronyms and symbols.
. Many figures (including maps) are illegible and/or require corrections.

- o o o

Relevant Director-General’s Requirements (DGRs) and agency specific requirements are not
clearly listed and shown to be addressed.

g. The report does not provide sufficient detailed, thorough, scientifically robust and holistic
information as noted to be required in the last row in Table 14 of the report (p 109). Instead, it
makes frequent reference to other reports that should not be expected to be readily available
to readers/reviewers.

h. Additional discussion, maps, cross-sections, figures and tables are needed to understand the
model set up, performance, results and uncertainties.

i. The report does not provide a complete, easy to understand picture of mining history in Russell
Vale and the previous versions of the mine extension proposal.

j- The report does not provide a clear account of previous models and achieved enhancement,
including improvements in the current model compared to the previous one.

a. Modelling work and results are presented as part of an environmental assessment report.
Comment is noted.

b. The report structure and content do not meet reporting requirements outlined in the Australian
Groundwater Modelling Guidelines (AGMG-2012) and subsequent explanatory notes.

The AGMG-2012 do not prescribe specific reporting or formatting requirements for groundwater impact
assessment reports.

Russell Vale Colliery Revised Underground Expansion Project Department of Planning, Industry and Environment — Water
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The structure of the report has been amended to address other comments made by DPIE-Water and the
structure of the overall report has been amended in response to these general comments about structure.
The Revised Assessment Report is included as Appendix 1.

c. The report structure is difficult to follow and some information seems to be misplaced.
The report structure has been revised as discussed in response 1b above.

d. The report does not include a glossary and list of abbreviations, acronyms and symbols.
As part of the restructure, a glossary and list of abbreviations has been included in the report.

e. Many figures (including maps) are illegible and/or require corrections.

Figures have been reviewed and updated where necessary and better quality imagery is now included in
the revised Groundwater Assessment report.

f. Relevant Director-General’s Requirements (DGRs) and agency specific requirements are not
clearly listed and shown to be addressed.

This report represents a response to issues raised in the Second PAC Review Report and not a report
forming part of the EIS. The Report has been prepared to update assessment findings associated with the
revised mine plan rather than form a stand-alone assessment of the Project that is at the EIS phase of the
approval process.

g. The report does not provide sufficient detailed, thorough, scientifically robust and holistic
information as noted to be required in the last row in Table 14 of the report (p 109). Instead, it
makes frequent reference to other reports that should not be expected to be readily available to
readers/reviewers.

This report represents a response to issues raised in the Second PAC Review Report and includes an
updated assessment of changes to the mine plan in response to issues raised by the PAC. Itis reasonable
that the report referenced previous work provided as part of previous assessments given this is an ongoing
assessment process. It is also noted that previous assessment reports prepared as part of the ongoing
assessment process are publicly available on the DPIE Major Projects website.

h. Additional discussion, maps, cross-sections, figures and tables are needed to understand the
model set up, performance, results and uncertainties.

See Revised Assessment Report (refer to Appendix 1) and uncertainty analysis undertaken by
HydroAglorithmics (refer to Appendix 1)

i The report does not provide a complete, easy to understand picture of mining history in Russell
Vale and the previous versions of the mine extension proposal.

As noted above, the report was prepared as part of the Response to Second PAC Review Report, this
context is provided in previous assessment documentation submitted as part of the initial assessment
considered by DP&E (as it then was) and the PAC (as it then was).

Notwithstanding, the Revised Assessment Report includes further information on mining history to reduce
the need for reference to other documentation.

i The report does not provide a clear account of previous models and achieved enhancement,
including improvements in the current model compared to the previous one.

Russell Vale Colliery Revised Underground Expansion Project Department of Planning, Industry and Environment — Water
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See Revised Assessment Report (refer to Appendix 1). It is noted that many of the modelling uncertainties
considered in the PAC reviews of earlier mine plans have been removed through the use of a long term
stable mine plan design; accordingly, previous assessment comments on model set-up have only limited
application to the modelling of the current mine plan.

2 Modelling good practice

a. Based on the information reported, the model does not comply with the requirements of the
AGMG-2012 and subsequent explanatory notes.

b. There is no assessment of the model confidence level class as described in AGMG-2012.
c. The model has not been independently peer reviewed as required in AGMG-2012.

d. There is no commitment for verification and updating of the groundwater model using new
observations and knowledge that will become available through the mining process. Updating
the numerical modelling is only mentioned at the end of the report (p 116) as a measure that
may enhance adaptive management.

e. No adequate analysis is provided of relevant parametric sensitivity (importance of parameters
in determining model output).

f. No adequate analysis is provided for model sensitivity to parametric changes (how output
changes due to changing parameter values).

g. No adequate qualitative and quantitative uncertainty analysis is provided.

a. Based on the information reported, the model does not comply with the requirements of the
AGMG-2012 and subsequent explanatory notes.

The current model has been peer reviewed by Dr Noel Merrick and is deemed to be adequate. See also
comments below.

b. There is no assessment of the model confidence level class as described in AGMG-2012.

The Revised Assessment Report identifies the groundwater model as being of Moderate Complexity with a
Class 2 Confidence Level (refer to Section 8.2 of the Revised Assessment Report in Appendix 1). In
accordance with SKM & NCGRT (2012), the proposed first workings extraction assessment is a Class 2
model.

c. The model has not been independently peer reviewed as required in AGMG-2012.

An independent peer review of the Groundwater Model and Revised Assessment Report has been
undertaken by Dr Noel Merrick (refer to Appendix 2). A separate peer review of the Uncertainty Analysis
has been undertaken by Dr. Frans Kalf of Kalf & Associates Pty Ltd and is provided as Appendix 3.

d. There is no commitment for verification and updating of the groundwater model using new
observations and knowledge that will become available through the mining process. Updating the
numerical modelling is only mentioned at the end of the report (p 116) as a measure that may
enhance adaptive management.

This is not a requirement of the Groundwater Impact Assessment however recommendations regarding
modelling and impact verification processes are contained in Section 17.15 of the Revised Groundwater
Assessment Report. The commitments with regard to monitoring and model updates are set out in
Section 5.3.8 of the Revised Preferred Project Report (Umwelt 2019a) and reiterated in Section 4.0.
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e. No adequate analysis is provided of relevant parametric sensitivity (importance of parameters in

determining model output).

This has been addressed by the HydroAlgorithmics Pty Ltd Uncertainty Analysis (refer to Section 11 and
Appendix C of the Revised Groundwater Assessment Report).

f. No adequate analysis is provided for model sensitivity to parametric changes (how output changes
due to changing parameter values).

This has been addressed by the HydroAlgorithmics Pty Ltd Uncertainty Analysis (refer to Section 11 and
Appendix C of the Revised Groundwater Assessment Report).

g. No adequate qualitative and quantitative uncertainty analysis is provided.

It should be noted that the current modelling exercise was completed prior to release of the IESC
Explanatory Guide on Uncertainty Analysis (IESC, 2019). Notwithstanding an Uncertainty Analysis has been
undertaken for the model by HydroAlgorithmics Pty Ltd and is included in Appendix C of the Revised
Assessment Report.

3. The conceptual model

a. Itis not clear how the surface water and groundwater quality data and discussion in the
report contribute or relate to the conceptual model.

b. The geological model used as basis for layer definition and initial parameterisation is not
presented.

c. The schematic presentation of the conceptual model (Figure 9-1) is largely illegible and
contains fundamental errors. For example, the springs shown on the right hand side in Figure
9-1 are hydrogeologically impossible.

d. Russell Vale conceptual model is not compared to conceptual models in neighbouring mines.

e. Perched surface water and groundwater systems, including groundwater dependent
ecosystems (GDEs)

i Are not clearly identified and mapped.

ii. Hydrogeological setting and relationships with the main groundwater flow system are
unclear.

iii. Their effect on recharge and evapotranspiration to and from the main groundwater
system is not clear.

iv. It is not clear how they are simulated in the numerical model.

f. Surface water features are not clearly conceptualised, specifically in terms of being perched or
hydraulically connected to the main groundwater system.

g. Mining related subsidence

i Not enough information (including maps) is provided to present and explain historical
development and current situation.

ii. The current altered hydraulic properties are not well described in text or presented in
figures to enable understanding their ranges and spatial distribution.

iii. The presented assessment is solely focused on the direct effects of the additional
incremental subsidence on hydraulic properties, which the report considers to be
negligible.

h. The hypothesised “underground storages” are not mapped and it is unclear how they have
been represented in the numerical model.
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a. ltis not clear how the surface water and groundwater quality data and discussion in the report
contribute or relate to the conceptual model.

The surface water and groundwater quality data and discussion was used as background information in
developing the conceptual model, however, the conceptual model was primarily developed based on
physical geological/hydrogeological parameters and features within the model domain, rather than
hydro/geochemical information.

b. The geological model used as basis for layer definition and initial parameterisation is not
presented.

Layer definition and initial parameterisation within the groundwater model was based on lithological
drilling data within the Russell Vale lease area as well as from previous lithological regional strata layer
definition from the BSO, Metropolitan and Tahmoor coal mines groundwater modelling in the more distal
areas of the model domain.

c. The schematic presentation of the conceptual model (Figure 9-1) is largely illegible and contains
fundamental errors. For example, the springs shown on the right hand side in Figure 9-1 are
hydrogeologically impossible.

The comment regarding springs is incorrect. Springs will (and do) form in outcrops in cliff lines where the
piezometric surface is above the point of outcrop.

Springs are prevalent along the escarpment and have been observed directly by the author of the Revised
Groundwater Assessment Report in many places, such as at Thirroul/Stanwell Park area. Therefore,
although not directly observed on the escarpment at Russell Vale, it is not unlikely that they would be
present in the model domain as well.

d. Russell Vale conceptual model is not compared to conceptual models in neighbouring mines.
This type of comparison is not common practice for any groundwater assessment reporting.

Although there is not a definitive discussion regarding the Russell Vale model comparison to other
neighbouring mine’s conceptual models, they were used in the initial stages of the Russell Vale model
conceptualisation, with the Russell Vale conceptual model then being tailored to the relevant specific
features applicable to Russell Vale.

e. Perched surface water and groundwater systems, including groundwater dependent ecosystems
(GDEs)

i are not clearly identified and mapped.

Perched surface water and groundwater systems and GDE’s are clearly identified and mapped in the
surface water and biodiversity specialist assessment reports contained within the Revised Preferred
Project Report (Umwelt 2019). The level of detail in those reports was not copied over to the
groundwater report as the groundwater assessment/modelling focussed on a larger vertical and
horizontal regional scale than the surface water/biodiversity reports.
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iii. Hydrogeological setting and relationships with the main groundwater flow system are
unclear.

Section 5.8 of the Revised Groundwater Assessment Report provides sufficient discussion for the
groundwater assessment purposes of swamps and GDE’s settings and relationships, whilst Sections 5.1
and 5.7 of the Revised Groundwater Assessment Report discuss surface water streams. Further details
on these systems can be obtained from the associated specialist reports.

jii. Their effect on recharge and evapotranspiration to and from the main groundwater system
is not clear.

The effect of perched surface water, groundwater and GDE systems on recharge and
evapotranspiration was incorporated into the model set up as discussed in Section 8.5.3 of the Revised
Groundwater Assessment Report.

iv. It is not clear how they are simulated in the numerical model.

The surface water, groundwater and GDE systems simulation in the model is outlined in Sections 8.5.3,
8.10,9.1,9.2,9.3.1, 9.3.2 and Section 9.4 of the Revised Groundwater Assessment Report.

f. Surface water features are not clearly conceptualised, specifically in terms of being perched or
hydraulically connected to the main groundwater system.

Surface water features (where perched or hydraulically connected to the main groundwater system) are
conceptualised and have been incorporated into the model as discussed in Sections 9.1, 9.2,9.3,9.4 and
Section 9.5 of the Revised Groundwater Assessment Report.

g. Mining related subsidence

i.  Not enough information (including maps) is provided to present and explain historical
development and current situation.

Sufficient information, maps and discussion are provided to present and explain the historical
development and current situation of mining in the model domain, and specifically for within the
Russell Vale lease area, in Section 3 and Section 4, and in Figures 1-1, 3-, 4-1, 5-1 and Figure 7-3 of
the Revised Groundwater Assessment Report.

ii. The current altered hydraulic properties are not well described in text or presented in figures
to enable understanding their ranges and spatial distribution.

Discussion of the mining impacted/altered hydraulic properties used in the model is provided in
Sections 8.6.1, 8.8, 9.6, as well as being shown in detail in Table 8.8 of the Revised Groundwater
Assessment Report.

iii. The presented assessment is solely focused on the direct effects of the additional incremental
subsidence on hydraulic properties, which the report considers to be negligible.

The assessment includes identification of both cumulative and incremental impacts. Itis
appropriate that the assessment focusses on incremental impacts given previous mining is
approved and largely completed.
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h. The hypothesised “underground storages” are not mapped and it is unclear how they have been
represented in the numerical model.

The underground storages referred to are not hypothesised. These are mined void areas in which
groundwater inflows or flows down dip through the workings are impounded by retained coal barriers.
These storages are unconfined and, when filled to the low point in the barrier will spill and flow to lower
parts of the workings. The location of these flooded workings have been mapped and located wherever
access has been possible within the mine workings. In inaccessible areas, they have been located based on
the relative floor elevations and knowledge of surveyed drainage features and elevations within the Russell
Vale mine.

The underground storages are represented in the model by using a starting head with a beach line, as well
as increased porosity (2 orders of magnitude), specific yield (1 order of magnitude) and variably increased
permeability. In addition, the pondage in the Corrimal and Russell Vale Bulli Seam workings was set as
being constantly drained.

4 The numerical model

a. Some of the used/referenced data are relatively old, e.g. GEOTERRA/GES (2015)
GEOTERRA/GES (2014) referenced in the discussion of groundwater system subsidence
effects.

b. No adequate reasoning is provided for the need to replace the previous model finite element
code (FEMWATER) by a finite difference code (MODFLOW SURFACT), other than the request
from the Planning Assessment Commission (PAC). Also, no other options have been
considered, e.g. MODFLOW USG.

c. MODFLOW SURFACT capabilities are not utilised in the model to simulate what the report
presents as important hydrological characteristics of the groundwater flow system,
specifically, multiple water tables to represent perched surface water and groundwater
systems.

d. Not enough detail is provided to enable understanding of the model set up and performance,
e.g. the grid and boundary conditions are not presented in map format. Good reporting
should enable fairly reasonable reproduction of the model using the reported information.

e. Groundwater confinement conditions and changes in time are not presented clearly.
f. Adopted boundary conditions

i Are not clearly presented and not specified for each model layer.

ii. The basis for their selection is not justified.

iii. Alternative options have not been considered, e.g. there are different ways to
represent certain surface water features.

iv. There are basic errors in boundary conditions description (e.g. in the drain cells
description).

g. Particle tracking modelling is required to determine areas of influence associated with surface
water features. This will enable better informed assessment of licencing requirements.

h. Temporal discretisation (stress periods and time steps) is not clearly presented.

i. The basis for selecting and alternating hydraulic properties is not clear.
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a. Some of the used/referenced data are relatively old, e.g. GEOTERRA/GES (2015) GEOTERRA/GES
(2014) referenced in the discussion of groundwater system subsidence effects

Although the references are claimed to be old, the data and assessments obtained in the previous
assessments is still relevant and useful.

b. No adequate reasoning is provided for the need to replace the previous model finite element
code (FEMWATER) by a finite difference code (MODFLOW SURFACT), other than the request
from the Planning Assessment Commission (PAC). Also, no other options have been considered,
e.g. MODFLOW USG.

No presentation of reasoning is required as the model was set up using current best practice at the time
the model was developed based on industry practices and regulatory expectations.

At the time of MODFLOW SURFACT model development, MODFLOW-USG was not available.

It is noted that MODFLOW-USG has been used for the uncertainty analysis undertaken by
HydroAlgorithmics.

c¢. MODFLOW SURFACT capabilities are not utilised in the model to simulate what the report presents
as important hydrological characteristics of the groundwater flow system, specifically, multiple

water tables to represent perched surface water and groundwater systems.

The MODFLOW SURFACT capabilities were utilised in the model, with multiple water tables being
represented in the model by assigning suitable heads in each of the 17 model layers.

Shallow perched water tables and swamps were not able to be represented in the model as the Layer 1
thickness is approximately 20 m, and most of the ephemeral / highly variable saturation perched water
tables would occur as thin (<0.5 — 1m thick) sub- sections within the upper / surficial section and in a
limited and variable lateral extent within Layer 1.

d. Not enough detail is provided to enable understanding of the model set up and performance, e.g.
the grid and boundary conditions are not presented in map format. Good reporting should enable
fairly reasonable reproduction of the model using the reported information.

Clarification of detail regarding the model set up and performance is provided within Sections 8 to 12 of the
Revised Groundwater Assessment Report.

e. Groundwater confinement conditions and changes in time are not presented clearly.
The current model has been peer reviewed by Dr Noel Merrick and is deemed to be adequate.
i.  Adopted boundary conditions are not clearly presented and not specified for each model layer.
The current model has been peer reviewed by Dr Noel Merrick and is deemed to be adequate.
ii. the basis for their selection is not justified.

The current model has been peer reviewed by Dr Noel Merrick and is deemed to be adequate.
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iii. Alternative options have not been considered, e.g. there are different ways to represent certain
surface water features.
The current model has been peer reviewed by Dr Noel Merrick and is deemed to be adequate.
iv. There are basic errors in boundary conditions description (e.g. in the drain cells description).

The current model has been peer reviewed by Dr Noel Merrick and is deemed to be adequate.

f. Particle tracking modelling is required to determine areas of influence associated with surface
water features. This will enable better informed assessment of licencing requirements.

Sufficient modelling of the potential impacts of the proposed workings and licencing have been conducted
according to the modelling and reporting peer review, as well as the Uncertainty Analysis conducted by
HydroAlgorithmics Pty Ltd.

Conceptually, the Revised Preferred Project is unlikely to result in any significant increase in impacts to
surface water features and the predicted impacts are considered to be realistic.

g. Temporal discretisation (stress periods and time steps) is not clearly presented.

Stress periods and time steps are presented in Section 8.5.5, Figure 8.3 and Table 7 of the Revised
Groundwater Assessment Report.

h. The basis for selecting and alternating hydraulic properties is not clear.

The selection and modification of hydraulic properties was based on initial on-site packer testing

results, parameters used in previous similar models in the Southern Coalfields, as well as understanding/
modification of the height of fracturing predictions (Tammetta, 2012 and Ditton & Merrick, 2014). For
fractured zones, the strata hydraulic parameters were changed using the Time-Varying Material Properties
(TMP) package of MODFLOW-SURFACT, which allows varying property values to be applied over time.

Fracturing was instigated by altering host rock calibrated hydraulic properties in accordance with mine
progression.

Horizontal shear zone formation predictions (SCT Operations, 2014) were incorporated into the model
where sufficient data was available, followed by calibration with observed groundwater levels and mine
inflows.
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5 Model parametrisation and calibration
a.

The level of model parametrisation is not clear. It is not known whether the model uses only
limited property zones or if it is highly parametrised with parameters assigned to individual
cells automatically (e.g. using functions) or manually.

Insufficient information is provided, e.g. Section 8.1 does not provide any detail about
hydraulic properties despite its header being “Basement Hydraulic Properties”.

No comparison is provided of hydraulic parameters adopted for Russell Vale and neighbouring
mines and no comment is provided on how the new Russell Vale model parameters compare
to previous versions.

No evidence is presented regarding the use of mine void inflows and surface water flow data
in model calibration.

Steady-state parameters, water budget, calibration results and statistics are not presented.

Better correlation between observed data and model estimates are required to provide higher
confidence in model performance and, subsequently, predictions.

Model performance is assessed using only the scaled root mean square (SRMS) measure. The
AGMG-2012 lists this as one measure of model performance but clarifies that it is not the only
measure and that associated limitations should be understood.

The model has not been automatically calibrated. As a result, relevant parametric sensitivity
analysis has not been completed.

Heterogeneity in hydraulic properties has not been addressed thoroughly, for example, pilot
point calibration.

The bases are not clear for estimating recharge and direct evapotranspiration from the
regional water table. The effects of the hypothesised “perched” surface water and
groundwater system on these parameters are not considered.

Effect of subsidence

i The argument that “the proposed first workings are not predicted to result in any
subsidence related impacts in this regard” should not be considered as grounds for
disregarding the effects of historic and future mining related subsidence on the
hydraulic properties of the sediment and rock in the area.

ii. The assessment/study approach is not clearly presented and its adequacy cannot be
judged.

iii. When dealing the height of fracturing and height of groundwater depressurisation,
the model should consider historic and future effects of subsidence because this is
what will determine the hydraulic properties in the future. Separating historic
subsidence effects from future effects is not realistic.

Various model input and output elements have not been verified, i.e. have not been checked
against other methods of estimation including analytical solutions.

a. The level of model parametrisation is not clear. It is not known whether the model uses only
limited property zones or if it is highly parametrised with parameters assigned to individual cells
automatically (e.g. using functions) or manually.

Parameterisation was used in the model by starting with a ramping function and then manually calibrating
the observed heads with modelled heads.
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b. Insufficient information is provided, e.g. Section 8.1 does not provide any detail about hydraulic
properties despite its header being “Basement Hydraulic Properties”.

Section 7.1 of the Revised Groundwater Assessment Report (Section 8.1 of the original report) indicates
that the full details of the hydraulic parameters developed from field testing was previously outlined in
GeoTerra/GES (2015), and as those in situ hydraulic parameters have not changed, and no additional field
data was available at the time of the current model development, then there was no need to reproduce the
data. If required, the previous GeoTerra/GES (2015) report can provide this data.

c. No comparison is provided of hydraulic parameters adopted for Russell Vale and neighbouring
mines and no comment is provided on how the new Russell Vale model parameters compare to
previous versions.

The Uncertainty Analysis conducted by HydroAlgorithmics Pty Ltd (refer to Appendix C of the Revised
Groundwater Assessment Report) does compare hydraulic parameters used in Russell Vale and
neighbouring mines and it was established in the analysis that the parameters used in the current model
compare favourably with models conducted for neighbouring mines.

d. No evidence is presented regarding the use of mine void inflows and surface water flow data in
model calibration.

Measured/extrapolated mine inflow data was used to calibrate the model as outlined in Section 8.7.1 of
the Revised Groundwater Assessment Report (refer to Appendix 1).

Surface water flow data from surface water assessments was used as a starting point, with subsequent
manual adjustment applied to match stream heads from the following reports:

e WRM Water & Environment, 2014. Russell Vale Colliery Russell Vale East Underground Expansion
Project Surface Water Modelling

e WRM Water & Environment, 2015A. Russell Vale Colliery Underground Expansion Project Surface
Water and Salt Balance Modelling.

It should be noted that there is a large variable degree of stream bed/shallow groundwater saturation/
unsaturation along with highly variable stream head heights in response to rainfall within the catchments
from the stream’s headwaters to their discharge point into Cataract Reservoir.

e. Steady-state parameters, water budget, calibration results and statistics are not presented.

These items are presented in Sections 8.7.2, 8.10, 8.7 and 8.7.3 of the Revised Groundwater Assessment
Report (refer to Appendix 1).

f. Better correlation between observed data and model estimates are required to provide higher
confidence in model performance and, subsequently, predictions.

Sufficient correlation between observed data and model estimates have been obtained according to the
modelling and reporting peer review conducted by Dr Noel Merrick.

g. Model performance is assessed using only the scaled root mean square (SRMS) measure. The
AGMG-2012 lists this as one measure of model performance but clarifies that it is not the only
measure and that associated limitations should be understood.

Model performance is adequate and appropriate according to the modelling and reporting peer review
conducted by Dr Noel Merrick.
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h. The model has not been automatically calibrated. As a result, relevant parametric sensitivity
analysis has not been completed.

This has been addressed by the HydroAlgorithmics Pty Ltd Uncertainty Analysis (refer to Section 11 and
Appendix C of the Revised Assessment Report).

i. Heterogeneity in hydraulic properties has not been addressed thoroughly, for example, pilot point
calibration.

Pilot point calibration was not used as there was insufficient data available for this exercise.

j- The bases are not clear for estimating recharge and direct evapotranspiration from the regional
water table. The effects of the hypothesised “perched” surface water and groundwater system on
these parameters are not considered.

Recharge and evapotranspiration from the regional water table was utilised in the model from BOM SILO
data.

Shallow perched water tables and swamps were not able to be represented in the model as the Layer 1
thickness is approximately 20m, and most of the ephemeral / highly variable saturation perched water
tables would occur as thin (<0.5 — 1m thick) sub- sections within the upper/surficial section and in a limited
and variable lateral extent within Layer 1. Therefore, recharge and evapotranspiration was holistically
applied for Layer 1 within the model.

k. Effect of subsidence

i.  The argument that “the proposed first workings are not predicted to result in any
subsidence related impacts in this regard” should not be considered as grounds for
disregarding the effects of historic and future mining related subsidence on the hydraulic
properties of the sediment and rock in the area.

The impacts from historic mining are addressed in Sections 3, 6, 8.3, 8.6, 8.9 and 8.10 of the
Revised Groundwater Assessment Report (refer to Appendix 1).

ii. The assessment/study approach is not clearly presented and its adequacy cannot be judged.

The modelling and reporting has been peer reviewed by Dr Noel Merrick and was assessed to be
adequate and appropriate.

iii. When dealing the height of fracturing and height of groundwater depressurisation, the
model should consider historic and future effects of subsidence because this is what will
determine the hydraulic properties in the future. Separating historic subsidence effects from
future effects is not realistic.

Both historic and future height of fracturing and associated height of depressurisation has been
appropriately assessed and incorporated into the model as outlined in Section 8.8 of the Revised
Groundwater Assessment Report (refer to Appendix 1).

I. Various model input and output elements have not been verified, i.e. have not been checked
against other methods of estimation including analytical solutions.

Use of the 3 dimensional, steady state and transient assessment of the potential impacts from the
proposed workings has been suitably studied via MODFLOW SURFACT and there is no benefit or
requirement to also study the impacts via analytical methods.
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6 Model prediction sensitivity and uncertainty

a. The sensitivity of the model simulation of the past and predictions to changes in parameter
values is not analysed and presented.

b. The model simulation of the responses of the groundwater system to historic stresses is
unsatisfactory as shown in the presented calibration plots. Hence, the model predictions are
largely uncertain and the degree of uncertainty is unknown.

c. The report makes frequent reference to modelling uncertainty but the discussion in Section 12
is unsatisfactory. It does not provide useful information on the model and prediction
uncertainties, descriptive and unquantifiable. The AGMG-2012 and subsequent explanatory
notes provide clear guidance on how to analyse uncertainty and report on it.

d. No attempt is made to quantify uncertainty.

e. Reporting of the modelling findings and estimates is not presented within a clear context of
uncertainty to enable informed decision making.

f. No conceptual or numerical model based explanation is provided to the predicted over-
recovery of groundwater head after the end of the proposed mining.

These issues are addressed in the Uncertainty Analysis undertaken by HydroAlgorithmics Pty Ltd (refer to
Appendix 1).

7 Cumulative and individualistic effects
a. The uncertainty framework for effect predictions must be identified and quantified.

b. Differentiation of individualistic and cumulative effects is not made on a clear transparent
basis.

c. The report’s use of the term “cumulative effects” is confusing. It considers cumulative effects
to be:
i Temporal, i.e. effects of historic Russell Vale mining and additional effects from the
proposed expansion. The Department does not consider this cumulative effects as all
these effects relate to the same proponent and general mining venture.

ii. Cumulative, i.e. combined effects of Russell Vale and neighbouring mines. It is not
clear whether the report accounts for historic and future mining, historic mining alone
or future mining alone.

d. The assessment defines the individualistic effects of the proposed expansion as the total
effects predicted by the model from the start of the proposed project less the effects of
indefinite continuation of historical groundwater extraction. This is unrealistic and
unacceptable because the proposed project will prevent recovery of system to pre-mining
conditions. The individualistic effects of the proposed expansion must be calculated as the
total effects less the expected recovery following the end of historic mining (i.e. end of mining
LW6).

e. To clarify the potential for interference of effects of various mining operations, i.e. cumulative
effects, the extent of the area of influence for the Russell Vale mine and neighbouring mines
must be spatially delineated on mutually acceptable basis. This analysis must be based on
field observations and numerical modelling results.

The Revised Assessment Report includes consideration of historical mining. The Uncertainty Analysis also
includes consideration of the incremental impacts associated with the Revised Preferred Project and
cumulative impacts. Refer also to the discussion in Section 2.3.1 above.
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It should also be noted that the existing mining adits into the Wongawilli Seam, Balgownie Seam and Bulli
Seam prevent recovery of groundwater levels to pre-mining conditions. The Revised Preferred Project does
not alter the ultimate level of recovery but will delay the recovery to this level due to the increased mining
void volume and increased duration of pumping. This delay in recovery is shown in Figure 2.1.

Conceptually, the Revised Preferred Project will have only localised impacts on the groundwater system.
Impacts to aquifers outside of the target seam itself will effectively only be impacted in terms of a delay in
recovery. The slightly increased maximum in cumulative baseflow reductions (approximately 2ML/year
based on HydroAlgorithmics modelling outputs — refer to Table 2.2) is associated with the interactions with
the multi-seam mining but, again, is primarily associated with the temporal effects of extended duration of
mining. This increased impact on baseflows is not considered to be significant in terms of either
incremental or cumulative impacts.

8 Licencing requirements

a. Estimates of groundwater and surface water licencing requirements are based on water
budget calculations from the reported model, without considering uncertainty in model
predictions.

b. The water balance information and discussion in the report are insufficient. More detail is
required, including water balance for specific hydrogeological elements to help with licencing
requirements estimates.

c. The argument that “water make sourced from abandoned workings does not constitute the
taking of water from the water source” is invalid. All water pumped from the mine workings
are considered part of the mine water make.

a. Estimates of groundwater and surface water licencing requirements are based on water budget
calculations from the reported model, without considering uncertainty in model predictions.

The Revised Assessment Report (refer to Appendix 1) includes an updated assessment of water licensing
requirements including consideration of the outcomes presented in the uncertainty analysis.

The results of the uncertainty analysis are reported in Table 2.1. Table 2.2 and Figure 2.1 contains the
predicted maximum baseflow take (based on the Uncertainty Analysis modelling results) relative to the
start of the relevant Water Sharing Plan.

b. The water balance information and discussion in the report are insufficient. More detail is required,
including water balance for specific hydrogeological elements to help with licencing requirements
estimates.

Refer to Section 2.3.1 and Section 13 of Revised Groundwater Assessment Report (refer to Appendix 1).

c. The argument that “water make sourced from abandoned workings does not constitute the taking
of water from the water source” is invalid. All water pumped from the mine workings are
considered part of the mine water make.

This take should be accounted for as part of the take calculations from the abandoned operations. It is
noted that the interactions between the Russell Vale Colliery Workings and other abandoned workings
predate the start of the Water Sharing Plans regulating this resource and should have been accounted for
in the available take calculations in setting the Water Sharing Plan extraction limits.

The Revised Preferred Project does not increase the magnitude of these interactions.
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9 Further work
a. The report does not include a clear plan or commitment to verify and update the model.

b. The report does not commit to using the model as a tool to check the adequacy of the
monitoring network and guide its updates.

a. The report does not include a clear plan or commitment to verify and update the model.

The Statement of Commitments provided in Table 6.1 of the Revised Preferred Project Report and
Response to the Second PAC Review (Umwelt 2019) clearly states that monitoring data would be used to
update the Groundwater Model as required.

Section 17 of the Revised Assessment Report (refer to Appendix 1) includes a range of proposed
monitoring measures. Consistent with current NSW regulatory practice, the detail regarding the means in
which the model and monitoring will be used to assess impacts will be contained in the updated Water
Management Plan for the Russell Vale Colliery.

The Updated Statement of Commitments presented in Section 6.0 of the Submissions Report — Part A
(Umwelt 2019b), included a commitment to the updating of the Russell Vale East Water Management Plan
which includes the mechanisms for updating groundwater modelling. As identified in Section 4.0, this
commitment is clarified to make it clear that the report update includes consideration of the role of
updating this groundwater model. DPIE-Water and WaterNSW will be consulted as part of the Water
Management Plan update process.

b. The report does not commit to using the model as a tool to check the adequacy of the monitoring
network and guide its updates.

Section 17 of the Revised Assessment Report (refer to Appendix 1) includes a range of proposed
monitoring measures. Consistent with current NSW regulatory practice, the detail regarding the means in
which the model and monitoring will be used to assess impacts will be contained in the updated Water
Management Plan for the Russell Vale Colliery. Refer also to the comments above regarding the clarified
Statement of Commitments in Section 4.0.
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4.0 Updated Statement of Commitments

An updated Statement of Commitments was provided in Section 6.0 of the Submissions Report — Part A
(Umwelt 2019b). The following additional clarifications are provided in relation to the groundwater
commitments presented in Part A. The proposed revisions are underlined for clarity.

Groundwater

The existing Russell Vale East Water Management Plan will be reviewed and Within 3 months of approval
updated in consultation with DPIE-Water, WaterNSW and DPIE-Planning and ongoing

and the updated plan will be implemented for the Revised Preferred

Project. The updated plan will include the proposed approach to the

updating of the groundwater model for use in the verification of

monitoring.

The existing groundwater monitoring network will continue to be utilised to Within 3 months of approval
monitor impacts associated with the Revised Preferred Project. The and ongoing

existing groundwater monitoring program will be reviewed and updated to

reflect the Revised Preferred Project as part of an update to the existing

Russell Vale East Water Management Plan. The groundwater monitoring

program will include monitoring of groundwater levels, water quality, mine
water inflows, pumping volumes and stream flows. The ongoing collection
and interpretation of the data will be used to update the TARP trigger levels
and the groundwater model as required.

Existing monitoring and management measures associated with the mining Ongoing, with regular review of
of longwalls 4 to 6, as set out in the existing Russell Vale East Water the results, effectiveness and
Management Plan and LW5 Water Management Plan will remain in place. ongoing need for monitoring as
set out in the Water
Management Plan

WCL will obtain WALSs, or alternative mechanisms agreed in consultation Ongoing
with the Natural Resources Access Regulator, for all groundwater or surface
water take in the course of mining.
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5.0 Updated Evaluation of Project Merits

Following consideration of the submissions received on the Revised Preferred Project, additional impact
assessment and further refinement of the Revised Preferred Project design has been undertaken in order
to address issues raised in submissions. Two detailed Submission Reports have been prepared (Part A
dated November 2019 and this report, Part B) to address the issues raised in agency and community
submissions. These reports provide an analysis of the issues raised, outline the extent of additional
assessment work completed since exhibition, provide clarifications and, where relevant, explain the
findings of the technical studies that have been completed as part of the Revised Preferred Project Report
in order to address all of the issues raised.

This process has sought to provide greater certainty in relation to assessment findings and, in some cases,
further mitigate the impacts of the Revised Preferred Project through amendments to project design, in
particular in relation to noise impacts on the local community. It is considered that at the conclusion of this
process, the overall merits of the Revised Preferred Project remain consistent with those discussed in the
Revised Preferred Project Report (Umwelt 2019a). Some minor improvements to the potential noise
impacts experienced by the local community from the Pit Top Facilities will result from changes to the noise
bund arrangements outlined in the Submissions Report — Part A.

As discussed in the Revised Preferred Project Report (Umwelt 2019a), the Revised Preferred Project
represents the culmination of an exhaustive process of reviewing project alternatives to address issues
raised in agency and public submissions and by the PAC Second Review Report. This included consideration
of options to:

e Undertake further investigation and assessment work on the UEP Preferred Project mine plan design to
reduce uncertainty in impact predictions and address issues raised by the PAC.

o Amend the UEP Preferred Project mine plan by redesigning second workings to address impact issues
raised by the PAC. This would be supported by additional research and assessment of subsidence
impacts to remove uncertainty in subsidence impact predictions. This scenario was likely to result in
reduced resource recovery.

o Amend the UEP Preferred Project mine plan to be first workings only with workings designed to be long
term stable. This scenario was likely to result in significantly reduced production rates and resource
recovery.

e Withdraw the UEP application and close Russell Vale Colliery. The option was not considered a feasible
alternative due to the significant investment in the UEP from WCL to date and the extent of valuable
coal resources remaining in the colliery holding.

It is noted that the proposed changes to the Revised Preferred Project to reduce subsidence impacts have
been noted by the IESC and WaterNSW in their submissions on the project in the following way:

IESC submission dated 19 November 2019:

Bord-and-pillar (first workings only) extraction will greatly reduce the risk of subsidence compared with other
subsurface mining approaches (e.g. longwall mining), and its use is strongly commended by the IESC.

Russell Vale Colliery Revised Underground Expansion Project Updated Evaluation of Project Merits
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WaterNSW submission dated 29 August 2019:
WaterNSW considers that:

e the first workings mining method is much safer than the previous proposal for longwall mining and is
unlikely to cause significant surface subsidence or significant interaction with the overlying seams

e the mining method is likely to minimise the potential groundwater impacts by limiting depressurisation
within and immediately above the mined coal seam, and

e the proposed first workings are likely to have negligible impacts on natural surface features including
upland swamps, cliffs, steep slopes, drainage lines, creeks, Cataract Creek, Cataract River, and Cataract
Reservoir.

It is considered that the Revised Preferred Project, as proposed, is not expected to cause any material
surface subsidence. This change in mine plan avoids significant interaction with the overlying seams or
significant interaction with existing groundwater systems. Importantly, the proposed mine plan is not
considered to have any potential to perceptibly impact natural surface features including upland swamps,
cliffs including the lllawarra Escarpment, steep slopes, drainage lines, creeks, Cataract Creek and Cataract
Reservoir. This is primarily due to the proposed first workings mining method that has been designed to
be long-term stable. Additionally, due to the small magnitude of subsidence effects expected from the
proposed mining layout, there is a high level of confidence in the reliability of the subsidence impacts
forecast. Further risk analysis undertaken by SCT (2020) quantifies the risk of individual pillar failure in the
Wongawilli Seam from the Revised Preferred Project to be less than 1 in 100,000 (0.001% ever and
therefore less than 0.01% per year). As has been noted by SCT (2020), there remains a low risk of ongoing
subsidence impacts associated with historical mining in the Bulli Seam and Balgownie Seam and settlement
associated with the previous mining in the Wongawilli Seam however this is not exacerbated by the Revised
Preferred Project.

Not proceeding with the Revised Preferred Project would likely sterilise the coal resource as it would be
difficult and significantly more expensive to access these resources from an alternate operation. Any
separate future operations are unlikely to be considered commercially viable as the benefits of being able
to continue mining within an approved mining area and utilise existing infrastructure may not be available
if the Revised Preferred Project does not proceed.

The Social Impact Assessment prepared for the Revised Preferred Project has identified that the social
impacts of the Revised Preferred Project have been minimised where possible through project design and
the proposed management and mitigation measures proposed by WCL. Substantial improvements to the
Pit Top layout and adoption of a range of additional feasible and reasonable noise control measures,
including restricting hours of operation, have been proposed to reduce the noise impact of the Pit Top
facilities and trucks accessing the site.

As outlined in the Revised Preferred Project Report (Umwelt 2019a), the Revised Preferred Project has
been assessed against the principles of Ecologically Sustainable Development (ESD) as required by the
EP&A Act and EP&A Regulation. This assessment has indicated that while the Revised Preferred Project will
have impacts, these impacts can be effectively managed and mitigated and the development will result in
economic benefits. The assessment therefore concluded that the Revised Preferred Project is consistent
with the principles of ESD and after consideration of the submissions made and the responses provided in
Submissions Report — Part A and this report, there is no change to that conclusion.
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The Economic Assessment (refer to Appendix 10 of the Revised Preferred Project Report) describes a
range of positive benefits from the Revised Preferred Project at a local, regional and State level. A cost
benefit analysis was undertaken for the Revised Preferred Project which assessed the net benefit of the
Revised Preferred Project when all external and internal costs were considered, including environmental
and social externality costs. The cost benefit analysis determined that the Revised Preferred Project would
result in a net economic benefit of approximately $174.3 million in NPV terms for the NSW community,
approximately $17.0 million in NPV terms to the Wollongong local area through employment and
expenditure in the local area.

On this basis, it would be reasonable to consider that with the implementation of existing and proposed
management and mitigation measures, the Revised Preferred Project can proceed within acceptable
environmental standards and would result in a net benefit to the NSW community.
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EXECUTIVE SUMMARY

GeoTerra Pty Ltd and Groundwater Exploration Services Pty Ltd were commissioned by
WCL to undertake a revised groundwater modelling based assessment and updated
reporting of the regional groundwater system in the proposed first workings mining area
prior to, during and after the proposed first workings extraction within the Wongawilli Seam.

This document is a revised report that has been prepared in response to DPIE-W comments
and a peer review by Noel Merrick of HydroAlgorithmics Pty Ltd.

Desktop assessments, field monitoring, laboratory analysis and computer modelling studies
were used to prepare a baseline assessment of the groundwater system, groundwater
quality and aquifer hydraulic parameters within the proposed first workings mining area.

Six hydrogeological domains are present in the Russell Vale East area:

¢ Hydraulically disconnected (perched) upland swamps

e Hydraulically disconnected (perched), ephemeral weathered Hawkesbury
Sandstone

e Deeper Hawkesbury Sandstone

e Narrabeen Group sedimentary lithologies,

¢ lllawarra Coal Measures, which contains the Bulli, Balgownie and Wongawilli Seam
aquifers, and

e Sedimentary sequence underneath the Wongawilli Seam.

Due to the steep topography and limited alluvium within the Cataract Creek and upper
Cataract River catchment areas, there is no notable groundwater bearing stream based
alluvium within Russell Vale East area.

There are no private bores or wells within the Russell Vale East Area.

Numerical modelling was undertaken to assess the existing groundwater system status and
predict the potential effects from extraction of the proposed workings.

Due to the change in mining method and the considerations in the mine plan layout,
subsidence impacts associated with the proposed mining are considered to be
imperceptible.

This removes much of the previous uncertainty associated with the modelling of previously
considered mine plans.

Groundwater modelling indicates that the influence of the proposed first workings can be
broken down into the depressurisation of two separate regimes:

¢ within the Wongawilli Seam, and
e overburden above the Wongawilli Seam.

The Wongawilli Seam and overburden immediately overhead would be depressurised to
atmospheric pressure in the immediate footprint of the workings, however there would be
minimal transgression of depressurisation above the Bulli Seam at the end of the mining
period due to the lack of goaf development and associated subsidence cracking and strata
delamination associated with the first workings extraction.

The overlying Balgownie and Bulli seams have previously been mined and therefore
significant depressurisation has occurred historically.
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The shallower surficial strata groundwater levels/pressures will be unaffected by the
proposed first workings.

There are no anticipated subsidence effects on stream bed alluvium or plateau colluvium
as there is minimal predicted subsidence or transmitted overburden depressurisation over
and due to the proposed first workings extraction.

The proposed workings are not considered to have any potential to perceptibly impact on
upland swamps, with impacts limited to induced depressurisation impacts associated with
the depressurisation of sub-cropping strata below the swamps.

Perched, ephemeral, shallow groundwater within the upper Hawkesbury Sandstone could
undergo a water level reduction over the proposed workings after subsidence, but as a
consequence of transmitted depressurisation from the triple seam mined areas, and not
due to the proposed first workings.

The minimal predicted subsidence of the shallow upper layer of the Hawkesbury Sandstone
due to the proposed first workings is not anticipated to have an observable effect on stream
baseflow or stream water quality where the temporary aquifers seep into local catchments.

Modelling of the surficial Hawkesbury Sandstone, Newport/Garie Formation, Bald Hill
Claystone and upper Bulgo Sandstone in eroded creek bed locations after the end of mining
in Russell Vale East indicates up to 10m of cumulative drawdown compared to pre
Wongawilli Seam development. The effect, however is related to previous mining, and not
the proposed first workings mine plan.

The Project is not considered to result in any strata deformation or cracking impacts, with
minor (negligible) reduction in Cataract Creek baseflow.

The maximum stream flow loss as a consequence of only the proposed first workings is
modelled to be 0.0006ML/day (0.22ML/yr) in Cataract Creek during 2073, which will be
unobservable for practical purposes. Cumulative impacts on baseflow in Cataract Creek
associated with all previous and currently proposed mining in the Wongawilli Seam at
Russell Vale are predicted to peak at 0.024ML/day (8.76 ML/year) and are therefore unlikely
to be observable.

No observable change in stream flow or groundwater seepage in the Cataract River
(upstream of Cataract Reservoir) and Bellambi Creek catchments are anticipated as a result
of the proposed first workings due to the very low proportion of the two catchments that may
be partially depressurised.

Modelling predicts a maximum reduction in stream flow, due only to the proposed first
workings, of 0.0002ML/day (0.07ML/yr) in Cataract River (upstream of Cataract Reservoir)
and 0.0005ML/day (0.18ML/yr) in Bellambi Creek occurring in the period 2072 to 2088,
which will be practically unobservable.

The predicted reductions in stream base-flows associated with the Revised Preferred
Project are considered to be negligible (less than 0.5 ML/year).

An analysis of the work undertaken in the Noel Merrick Peer Review and the
HydroAlgorithmics Uncertainty Analysis indicates the above predictions of baseflow losses
are slightly lower and occur later than those identified in the modelling done in the
Uncertainty Analysis.
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As identified in the Peer Review Report, this difference is likely to be associated with the
treatment of drain cells in the models and both estimates of baseflow losses are considered
to be minimal and are unlikely to be measurable in all affected systems.

Due to the distance of the previously mined longwall panels (LW 4, 5 and 6) and the
proposed first workings from the Cataract Reservoir, and the lack of subsidence impacts
from the proposed first workings, no adverse impacts on stored water quantity or quality
have been observed, or are predicted to occur, as a result of the proposed first working
extraction on Cataract Reservoir.

The modelled transfer of stored water within Cataract Reservoir to the underlying
groundwater system due to depressurisation of the regional groundwater system in the
vicinity of the reservoir is not measurable at the end of the proposed first workings
extraction.

The maximum total annual groundwater inflow to the workings, including all previous mining
impacts from the Russell Vale lease workings, is predicted to be 288ML/year, with the
contribution from the proposed first workings (and the continuing gradual increase from
previous workings) being up to 36.5ML/year. These predictions are within the uncertainty
range modelled by HydroAlgorithmics.

The groundwater inflow rate gradually increases during extraction of the proposed first
workings as they are dewatered. After the proposed first workings mining is completed, the
model assumes the pumps are turned off and the mine gradually fills up and re-pressurises
the overburden until the recovery reaches the 117.5m AHD elevation of the existing adits
within and opening out onto the lllawarra escarpment, uphill of the current pit top area, at
around 2057.

A similar situation would also occur for existing approved operations, although the time for
the workings to recover to the adit spill point would occur earlier for the existing approved
workings due to the smaller mining void.

The Project is covered by the Water Sharing Plan for the Greater Metropolitan Region
Groundwater Sources 2011 (Groundwater WSP). The current Water Access Licence (WAL)
under the Water Management Act, 2000 is held by Wollongong Coal Ltd for 515 ML
(units)/year (Licence No. WAL36488) and is located within Nepean Management Zone 2 of
the Sydney Basin Nepean Groundwater Source.

Wollongong Coal Limited were advised by DPIE-Water during January 2020 that the
Company has been successful in the bid for allocation under the Controlled Allocation Order
2017 for an additional 100 units (equates to 100 ML) within the Sydney Basin Nepean
Groundwater Source — Nepean Management Zone 2.

Wollongong Coal Limited intend to apply the allocated 100 units to the existing WAL36488
to increase the entitlement held under this WAL to 615 ML (units)/ year.

Based on the predicted maximum groundwater inflow, during the extraction period of the
proposed workings, of 288ML/year, Wollongong Coal currently hold a sufficient quantity of
units in their WAL. Subsequently, the mine water inflow is predicted to stabilise at around
110ML/year once the groundwater level recovery reaches and spills out of the basal
elevation of the adit in the lllawarra Escarpment.
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These conditions and a similar flow rate would also occur for the currently approved
operations.

This modelled level of spill is equal to the long term groundwater take and is well within
existing groundwater licence allocations held by Wollongong Coal.

Baseflow reductions are considered to be take regulated by the Greater Metropolitan
Region Unregulated River Water Sources Water Sharing Plan — Upper Nepean & Upstream
Warragamba Water Source — Upper Nepean River Tributaries Management Zone (Surface
Water WSP), which encompasses the overall Study Area.

A maximum annual (cumulative) take of up to 9.91 ML/yr of stream base-flow and leakage
from the associated catchments resulting from depressurisation of deeper aquifers is
modelled as a result of ALL mining at the Wongawilli Seam at Russell Vale, not just the
Revised Preferred Project impacts.

As noted above, the predicted maximum cumulative take is slightly lower than that identified
by HydroAlgorithmics in the Peer Review Report (20.87 ML/Year). The incremental effect
of the Revised Preferred Project on baseflows is, however, considered to be small under
both modelled scenarios and would not be measurable in practice.

Wollongong Coal hold sufficient harvestable rights within this management zone to cover
the modelled maximum take.

The modelled reduction in baseflow is similarly not expected to have any measurable impact
on surface water quality due to strata depressurisation as the scale of the predicted surface
water take from Cataract Creek, Cataract River and Bellambi Creek is minimal compared
to the relative to flow and catchment discharge into Cataract Reservoir.

No observable impact is anticipated on groundwater quality as a result of the proposed
workings extraction.

Extrapolation of the monitored mine water quality within the underground workings indicates
that any adit discharge that may potentially occur, when the groundwater system reaches
the adit spill elevation, may be;

e alkaline (approximately pH 8.6);

¢ slightly brackish (approximately 2,200uS/cm), mostly due to elevated bicarbonate;

¢ slightly elevated in sulfate, and;

e above the ANZECC 2000 95% Level of Protection for fresh water species trigger for
copper, nickel and zinc.

By comparison Bellambi Creek, upstream of the Russell Vale Pit Top area has an equal or
slightly higher alkalinity (pH <8.97) and fresher salinity (213 — 913uS/cm).

As a result of the slightly elevated salinity and above criteria metals (Cu, Ni, Zn), the adit
discharge of up to 110ML/year may require treatment if it adversely impacts the receiving
Bellambi Creek water quality and if the future Regulatory authority requires treatment.

This scenario also applies to the currently approved operations, and the Project is not
expected to have any significant impacts on either the rate of flow from the adit or the quality
of this water.

Treatment of this adit outflow water for different uses, including potable uses, is reasonable
and feasible.

Vi
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There will be no loss of bore yield as a result of the proposed first workings as there are no
registered private bores or wells located within the modelled zone of drawdown.

Vil
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1. INTRODUCTION

This document is a revised report that has been prepared in response to Department of
Planning Industry and Environment — Water (DPIE-W) comments and peer review
comments provided by Noel Merrick of HydroAlgorithmics Pty Ltd.

1.1 Project Background

Wollongong Coal Limited (WCL) is seeking approval under the Environmental Planning and
Assessment Act 1979 to extend mining operations at the Russell Vale Colliery, referred to
as the Underground Expansion Project (UEP).

The UEP application has been through several iterations to minimise its potential adverse
impacts.

The original UEP application involved a substantial expansion of longwall mining in the
Russell Vale East and Wonga West areas to extract 31 Mt of ROM coal over 18 years.

In 2014, a Preferred Project was exhibited based on a reduced mine plan of eight longwalls
in the Russell Vale East area only. The Preferred Project has been reviewed by the Planning
Assessment Commission (PAC) on two occasions, most recently in 2016. A key issue for
the PAC in its consideration of the Preferred Project was the uncertainty associated with
subsidence and groundwater impacts as a result of proposed longwall mining in the multi-
seam mining environment present at Russell Vale.

To address the residual uncertainty regarding impacts of longwall mining, WCL has
developed a revised mine design based on a non-caving first workings mining system that
will result in imperceptible subsidence. Longwall mining is no longer proposed as part of
the UEP. This revised mine plan is referred to as the Revised Preferred Project.

The Revised Preferred Project mine plan has been specifically re-designed to avoid any
secondary extraction beneath Cataract and Bellambi Creeks or Cataract River and their
associated swamps, as well as Cataract reservoir. No secondary extraction is proposed,
including beneath the main creek channels of streams as part of the proposed mining. The
Project does not include any mining under the Cataract reservoir.

Historic mining in the area and previous iterations of the UEP are described in Section 3.0,
whilst the Revised Preferred Project is outlined in Section 4.0.

1.2 General Context

The general site context, including historical workings and the Revised Preferred Project
Mine Plan are shown in Figure 1-1. The existing and proposed workings are contained
within Consolidated Coal Lease 745 (CCL745) and Mining Lease 1575 (ML1575).

The extent of historic and proposed mining within the Wongawilli Seam in the Russell Vale
East mining domain is shown in Figure 1-2.

The proposed and historic workings are predominantly located within the Metropolitan
Special Area, which is a restricted area managed by WaterNSW.
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Figure 1-1

Site Context
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1.3 Scope of Work

GeoTerra Pty Ltd (GeoTerra) and Groundwater Exploration Services Pty Ltd (GES) were
commissioned by WCL to assess the potential groundwater and stream base flow impacts
relating to the proposed extraction of the Wongawilli Seam and associated overburden
fracturing and ground surface subsidence in the Russell Vale East mining area, as proposed
for the UEP.

This assessment follows on from, and is a refinement of, an earlier proposal to extract
longwalls from the Wongawilli Seam within Russell Vale East after Longwalls 4, 5 and 340m
of Longwall 6 had been extracted between April 2012 and July 2015.

A brief summary of the previous groundwater assessments prepared for earlier mine plans
is provided in Appendix A and a copy of these previous assessments can be viewed on
the NSW Department of Planning, Industry and Environment’s Major Projects website at
http://majorprojects.planning.nsw.gov.au/index.pl?action=view job&job _id=3448.

This document describes a revised groundwater modelling based assessment and updated
reporting of the regional groundwater system in the Application Area prior to, during and
after the proposed first workings extraction within the Wongawilli Seam.

This report has been prepared following regulatory reviews by NSW and federal agencies
of previous groundwater assessments for the UEP area (GeoTerra / GES, 2014 and
GeoTerra / GES, 2015) and provides an updated predictive groundwater model and
interpretive report in relation to extraction of first workings only within the Wongawilli Seam.

This report is designed to address the Planning Assessment Commission (PAC) and
Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining
Development (IESC) groundwater related issues outlined for the previous assessments
(GeoTerra / GES 2014 and GeoTerra / GES 2015).

The specific responses to the PAC and IESC issues are outlined in GeoTerra / GES (2015).
The current report has also been through a consultation and review process involving:

e Department of Planning, Industry and Environment (DPIE)
o the Department of Industry — Water (DIW), and;
e Water-NSW.

In accordance with the DGRs for Project Application 09_0013, (20/3/2009), the
requirements for the groundwater component of the assessment are:

e a description of the existing environment, using sufficient baseline data;

e an assessment of the potential impacts of all stages of the project, including any
cumulative impacts, taking into consideration any relevant guidelines, policies, plans
and statutory provisions and the findings and recommendations of the recent
Southern Coalfield inquiry;

e a description of the measures that would be implemented to avoid, minimise,
mitigate, rehabilitate/remediate, monitor and/or offset the potential impacts of the
project, including detailed contingency plans for managing any potentially significant
risks to the environment, and,;

e a detailed assessment of the potential impacts of the project on the quantity, quality
and long-term integrity of the groundwater resources in the project area, paying
particular attention to the Upper Nepean River sub-catchment (Metropolitan Special
Area);
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This document addresses submissions from the relevant NSW based regulators in
response to the Underground Expansion Project Preferred Project Report provided by
Gujarat NRE Coking Coal Ltd (now Wollongong Coal) to DP&E, on 28 August 2013.

The document also addresses issues subsequently raised by the federal Department of the
Environment (DoE) and, specifically, issues regarding the revision of groundwater modelling
and associated reporting that were raised by the NSW PAC and its independent peer

reviewer.

The PAC recommended that changes and further discussion be made to a number of facets
of the groundwater model and the modelling code utilised to derive predictive outcomes. As
discussed further in Sections 9, 12 and 13, these included:

reasoning behind the use of the same value of drainable porosity for all strata in
the groundwater model since this parameter significantly influences the evolution
of the phreatic surface and mine inflows;

discussion of revised model calibrations including presentation of hydrographs
showing measured and predicted pressure heads using the 'pseudo soil' option;
illustration of model pressure heads (in plan) in the coal seams, Bulgo Sandstone
and Hawkesbury Sandstone prior to, during and after mining (50 and 100 years);
assessment of the long term steady state groundwater flow systems post mining
and identification of shallow and surficial areas that are likely to be dewatered;
assessment of potential leakage via the adit and assessment of the role played
by the abandoned overlying workings (and their adits) in constraining the
recovery of pore pressures;

risk assessment associated with potential leakage from Cataract Dam via the
proposed panel extractions and adit; and

mitigation measures that might be invoked to minimise impacts.

This groundwater investigation was conducted to assess the current and historic:

standing water levels and / or hydrostatic pressures within formations overlying the
existing and proposed workings;

groundwater quality of the formations overlying the existing and proposed workings;

hydraulic parameters of selected overburden formations within the Russell Vale
lease area, and;

any observed or inferred groundwater discharge zones into local streams.

In addition, the study aims to:

identify potential groundwater dependent ecosystems;

collate and review mine water management data;

collate and review additional data from adjacent mines and government agencies;

develop a conceptual groundwater model and represent the Application Area with a
numerical MODFLOW SURFACT groundwater model to assess potential
underground mining impacts on the local and regional groundwater system;

provide a qualitative and quantitative assessment of cumulative impacts from
adjacent existing and approved mines;
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e assess post mining groundwater impacts in regard to groundwater level recovery;

o develop measures to avoid, mitigate and/or remediate potential impacts on
groundwater resources, and,;

¢ indicate groundwater monitoring methods that will measure any impacts on the local
and regional groundwater system.

The study provides a baseline, pre-mining assessment of the potentially affected
groundwater systems within the proposed mining area and has been conducted to satisfy
the requirements for an Environmental Assessment.

The Russell Vale Vale East stream assessment is discussed separately in WRM Water and
Environment (2014) and (2015), whilst the swamp assessment is detailed in Biosis (2014),
(2015) and (2018).

1.4 Previous Groundwater Related Studies

A brief summary of previous groundwater investigations at Russell Vale is included in
Appendix A.

2. REGULATORY CONTEXT

The relevant Plans, Policies, Guidelines and Legislation in relation to groundwater at the
study site are detailed in Appendix B.
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3. HISTORIC MINING AT RUSSELL VALE

Previous underground mining in the Russell Vale lease area has been conducted through
longwall mining of the Bulli Seam in Wollongong Coal’s lease areas to the west, east and
beneath Cataract reservoir, as well as in South32’s Cordeaux and Corrimal lease areas to
the south and the BHP Bulli workings to the north of the Russell Vale lease area.

As shown in Figure 3.1, multi seam mining has been conducted at Russell Vale East
through:

e bord and pillar, as well as pillar extraction of the Bulli Seam at Russell Vale East,
along with predominantly bord and pillar mining, and to a lesser degree, longwall
extraction in the old Australian Iron and Steel (AlS) (subsequently BHP, BHP Billiton,
then South32) Bulli Colliery workings to the north and Corrimal colliery to the south
of Russell Vale East.

¢ longwall extraction of the Balgownie Seam at Russell Vale East, and;

e extraction of Longwalls 4, 5 and 340m of Longwall 6 in the Wongawilli Seam at
Russell Vale East. Previous Mining at Russell Vale Colliery.

Three coal seams have been mined at Russell Vale Colliery, with access to all seams
provided by drives and headings that all connect to access portal (adits) into each of the
target seams within the pit top area in the escarpment.

3.1.1 Bulli Seam

The uppermost is the 2.0 - 2.5m thick Bulli Seam where most of the previous mining activity
has occurred. It was mined between the late 19th Century and about 1950, initially as a
hand worked bord and pillar operation and then with some mechanised pillar
extraction. Bulli Seam mining continued under and to the west of Cataract reservoir, initially
as a continuation of Continuous Miner pillar extraction operations and then as a longwall
mining operation until 2002.

3.1.2 Balgownie Seam

The 1.3m thick Balgownie Seam is located 5 - 10m below the Bulli Seam, with mining
starting in the late 19th Century in the Russell Vale East area using hand worked methods
for a brief period. Mining restarted in the late 1960s with continuous miners, then from 1970
to 1982 as one of the first longwall operations in Australia. To the north, some additional
mining in the Balgownie Seam included a first workings continuous miner bord and pillar
thin seam mining operation between 2001 and 2003 in Gibson's Colliery (S Wilson, pers
comm.).

3.1.3 Wongawilli Seam

The 7 - 9m thick Wongawilli Seam is located 18 - 26m below the Balgownie Seam. However,
only the bottom 3.0 - 3.5m of the seam has been mined.

Installation of the Wongawilli Seam mining access started in 2008 at Russell Vale East, with
subsequent secondary extraction occurring as shown in Table 1.
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Table 1 Russell Vale East Wongawilli Seam Longwall Extraction Summary
Longwall Start Finish Depth of LW Width | LW Length
Cover (mbgl) (m) (m)
4 21/4/2012 21/9/2012 267 - 275 140 523
5 15/01/2013 | 12/01/2014 272 - 279 140 844
6 (340m) | 04/05/2015 | 08/07/2015 312 - 333 140 340*

*Total length of LW 6 was originally 1,120 m, but only 340 m has been extracted to date.
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3.2 Previous Proposals

After consideration of submissions from the community, as well as NSW government
agencies, to its earlier Underground Expansion Project Part 3A (Pt3A) application that
comprised longwall mining in the Russell Vale East and Russell Vale West areas,
Wollongong Coal (then Gujarat NRE Coking Coal) modified its application to DP&E through
a Preferred Project Report assessment that limited longwall mining to the Russell Vale East
area only.

The Preferred Project groundwater study excluded mining in the Russell Vale West area.

A subsequent proposal included extraction of the remainder of Longwall 6 and Longwall 7
in the Wongawilli Seam to the south of Cataract Creek, as well as Longwalls 9 to 11 to the
north of Cataract Creek between Mt Ousley Road and Cataract Reservoir within Water-
NSW managed land.

Longwall 8 was excluded from the Underground Expansion Project application during the
Preferred Project Report mining plan revision.

To the east of Mt Ousley Road, Wollongong Coal proposed to extract Longwalls 1 to 3 in
the Wongawilli Seam on private land.

This proposal was subsequently modified as outlined in Section 4.0.
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4.

THE REVISED PREFERRED PROJECT

In order to address residual uncertainty regarding the impacts of longwall mining raised by
the PAC Second Review Report, a revised mine design has been developed based on a
non-caving first workings mining system.

The revised mine plan has been designed to be long term stable with negligible risk of pillar
failure to address potential subsidence-related mining impacts on groundwater, surface
water and biodiversity within the Cataract Reservoir catchment.

Key elements of the Revised Preferred Project are:

4.1

Access to proposed underground mining areas in the Wongawilli Seam via the existing
adit located within the lllawarra Escarpment into the Wongawilli Seam and existing
mains headings.

Mining by means of first working mining techniques only, with the workings designed to
be long term stable with minimal subsidence impacts. No longwall mining is proposed,;

Extraction of approximately 3.7 Mt of ROM coal over 5 years at a production rate that
will not exceed 1 Mt of product coal per year;

Construction and use of a coal processing plant to improve the quality of product coal;

Redesign of the Pit Top layout to strategically relocate infrastructure to more shielded
locations;

Reduced hours of operation for surface facilities relative to the Preferred Project mine
plan; and

Additional noise mitigation works at the Russell Vale Pit Top including a new noise
barrier, extension to the height of existing bunds and acoustic treatment of coal
processing infrastructure.

Revised Preferred Project Objectives and Key Design Considerations

The following key objectives have guided the refinement of the UEP mine plan subsequent
to the PAC Second Review Report:

develop a mine design that eliminates residual uncertainty regarding subsidence
predictions, geotechnical constraints and potential impacts on groundwater, surface
water and biodiversity associated with longwall mining

gain access to sufficient resources to enable mining to recommence and occur over a
sufficient time frame to undertake the necessary assessments to confirm a suitable
mine plan in the Wonga West area that would extend the life of Russell Vale Colliery
for a period similar to that sought in the initial UEP application

develop comprehensive mitigation and management strategies to reduce
environmental and social impacts associated with the Revised Preferred Project in
order to meet relevant criteria where-ever practicable and feasible

conduct mining in an environmentally responsible manner to minimise project specific
and cumulative environmental and social impacts

create additional employment opportunities within the local and regional community
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e co-exist with the local community.

Furthermore, the mine design for the Revised Preferred Project has also taken account of:
e surface constraints (such as the Cataract Reservoir, ecological and Aboriginal
Heritage constraints as well as built features),

e underground geological discontinuities (dykes, faults, roof strata sill and lease
boundary) and

e existing workings above the targeted Wongawilli Seam, in the Balgownie and Bulli
seams.

The mine plan for the Revised Preferred Project shown in Figure 4-1 has been designed
as a non-caving first workings mining system using continuous miners to limit potential for
interaction with existing overlying workings or subsidence-related impacts to natural or built
surface features or groundwater.

The pillars remaining are designed to be long-term stable with a large width to height ratio.
The proposed mining is not expected to cause perceptible subsidence at the surface,
significant interaction with the overlying seams or significant interaction with existing
groundwater systems.

Legend
UEP Project Application Area
Approved Wonga Central Development Mains
Proposed Wangawilli Seam Workings
Existing Wongowilli Seam Workings

—— Droinage Line

Russsll Vale Pi
= ~Top Facilities:

Figure 4-1 Revised Preferred Project Mine Plan

10



NRE16 - R1G (5 February, 2020) GeoTerra/GES

These development mains were previously approved under Project Approval PA 10_0046
(Preliminary Works Project) granted by the PAC on 13 October 2011 under Section 75(J)
of the EP&A Act. With the exception of the previously approved development mains into
the Wonga Central area, the revised mine plan has been restricted to the Russell Vale
East area. No mining is proposed beneath the full supply level of Cataract Reservoir.

The proposed mine plan aims to minimise potential subsidence-related mining impacts
while maximising the extraction of available resources. The mine design and pillar size are
based on the provision of permanently stable pillars to reduce the potential for subsidence.
The mine plan utilises existing roadways and avoids underground constraints such as faults
and dykes where possible. The revised mine plan also restricts mining to the south of the
existing development mains due to the presence of a sill in the northern parts of the
Wongawilli Seam in the Russell Vale East area.

The mining panels are generally designed as 5 headings of 5.5 m width with a separately
ventilated conveyor located within the centre of one roadway. Underground mining
operations will be undertaken 24 hours per day, 7 days per week.

411 Retrieval of Longwall Equipment

WCL will not be seeking future approval for longwall mining within the Russell Vale Colliery
lease holding.

To confirm this commitment, the existing longwall mining equipment that is currently located
within LW6 will be retrieved and sold.

The longwall face equipment is currently located approximately 25 m short of the next gate
road access point that would allow for its safe removal. Recovery will therefore require
mining of this 25 m section of LW6 to facilitate removal.

This mining has been previously assessed and approved under the existing Russell Vale
East - LW6 (365m) Extraction Plan (Hanson Bailey, 2015c) and represents the panel retreat
between 340 - 365 m of LW6.

1
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5. SITE CONTEXT

Within Russell Vale East, 15t and 2™ order tributary creeks drain into the 3", and
subsequently 4™ order catchment of Cataract Creek, downstream of Mount Ousley Road,
and the 3™ order catchments of Cataract River.

The Russell Vale East catchments drain directly into Cataract Reservoir and subsequently,
to Broughton’s Pass weir. Cataract River subsequently drains downstream to the off-take to
the Macarthur Water Treatment plant at Broughton’s Pass Weir.

Cataract River is regulated by Cataract Dam, which is upstream of the Lizard Creek /
Wallandoola Creek confluence, as well as by Broughton’s Pass Weir, which is downstream
of their confluence with Cataract River.

The Russell Vale East mining area assessments underlies the main channel, catchments
and swamps of Cataract Creek and Bellambi Creek as well as the eastern catchment
(excluding the main channel) of Cataract River.

Russell Vale East contains steep gradient valleys that drain off the western slopes of the
lllawarra Escarpment to Cataract Reservoir in the west, whilst the proposed workings
predominantly underlie the Cataract Creek and Cataract River catchments, and to a lesser
degree, the Bellambi Creek catchment.

Thirty nine upland headwater swamps that meet the definition of being a Coastal Upland
Swamp Endangered Ecological Community are present in the Russell Vale East area within
the Cataract Creek, Cataract River and Bellambi Creek catchments (Biosis, 2014).

Land use within Russell Vale East generally consists of undeveloped bushland, including
some limited fire access and electricity transmission line easements.

This study provides a baseline assessment of the current status of potentially affected
groundwater systems within the proposed mining area in accordance with the NSW
Department of Planning and Environment (DP&E) Director-General’'s Requirements
(DGRs), as well as subsequent Preferred Project Report, as well as federal Department of
Environment (DoE) and NSW PAC correspondence for the previous application.

Desktop assessments, field monitoring, laboratory analysis and computer modelling studies
have been used to prepare a baseline assessment of the groundwater system, groundwater
quality and aquifer hydraulic parameters within Russell Vale East and overall Application
Area.

The study assesses the potential mining impact on the groundwater and surface water
systems, as well as providing a potential indicative management and monitoring strategy
that will be suitable to manage any potential adverse effects that may be caused by
subsidence.
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Figure 5-1 Russell Vale East Historic and Previously Proposed Longwalls with
Proposed First Workings
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Related groundwater features within Russell Vale East include:

e a regional water table which has been intersected between 17m to 48m below
surface within the Hawkesbury Sandstone. Where paired measurements are
available, the regional aquifer has been shown to be hydraulically separated from
the upland swamps by up to 15m of dry to unsaturated, weathered Hawkesbury
Sandstone;

o shallow, perched, ephemeral aquifers within the upper (<20m deep) Hawkesbury
Sandstone;

e headwater swamps within the Cataract Creek, Bellambi Creek and Cataract River
catchments;

¢ shallow (<1.9m deep) perched, ephemeral highly variable water level aquifers within
the swamps, and;

o ‘“Losing” streams, which predominate in the upper catchments, where stream water
permeates into the regional Hawkesbury Sandstone aquifer, and “gaining” streams
in incised sections, where groundwater seeps under gravity into the main creek
channels.

5.1 Russell Vale East Catchments and Topography

Stream water level monitoring in pools and at selected flow constriction sites in Cataract
Creek and Cataract River have been conducted since November 2010, with volumetric
stream flow assessment conducted as outlined in WRM Water and Environment (2015).

The following sections describe individual catchments within Russell Vale East.
5.1.1 Cataract Creek

Cataract Creek is a 4™ order stream for most of its length and is approximately 5.5km long
from its headwaters to the full supply level of Cataract Reservoir.

Channel invert elevations fall from approximately 340m AHD to 285m AHD, with the channel
being relatively gently sloping at a gradient of 0.9% for most of its length, except for a 0.5km
reach in its headwaters, which slopes at 2.5%.

Approximately 2.5km of the stream reach is located upstream, 2km within and 0.9km is
downstream of the Application Area.

5.1.2 Cataract River

Cataract River is a 3" order stream upstream of the Link Road crossing, and 4" order from
the confluence near the crossing to the Cataract Reservoir backwater. It is approximately
6.7km long from its headwaters to the upstream reaches of the Lake Cataract storage.

Channel invert elevations fall from approximately 430m AHD to 285m AHD and the channel
is relatively gently sloping at a gradient of 0.5%, for much of its length, except for a steep
upstream 0.5km reach, which slopes at around 17%.

The proposed Russell Vale East workings within the Application Area do not underlie the
Cataract River.

14
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5.1.3 Bellambi Creek

Bellambi Creek is a 3™ order stream upstream for the first 5.5km, then 4" order to the
Cataract Reservoir backwater. It is approximately 6.4km long from its headwaters to the full
supply level of Cataract Reservoir.

Channel invert elevations fall from approximately 453m AHD to 286m AHD, with the channel
being relatively gently sloping at a gradient of 0.6%, except for the first 1km upstream reach,
which slopes at around 2.8%.

The Application Area does not underlie or interact with the main Bellambi Creek stream
channel.

5.2 Climate

5.2.1 Rainfall

Daily rainfall has been recorded by the Bureau of Meteorology (BOM), Water-NSW and its
predecessors, and the nearest stations with the longest records are located at Cataract and
Cataract Dam, with good quality records extending from 1883 to 1966 and 1904 to 2016
respectively.

The BOM’s SILO data service has prepared Patched Point Datasets (PPDs) from the
Cataract and Cataract Dam records. Gaps in the records are infilled with data interpolated
from other nearby stations to provide continuous records between 1889 and the present
day.

Annual rainfall at Cataract Dam between 1889 and 2013 varied from 480mm in 1944 to
2,293mm in 1950, with a mean annual rainfall of 1,085mm/a.

Cataract Dam rainfall is highest between January and June, and lowest between July and

December as shown in Figure 5-2.
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Figure 5-2  Annual Monthly Average Variation in Mean Rainfall at Cataract Dam

Figure 5-3 shows a plot of cumulative rainfall residual at Russell Vale East between
November 2009 and the present. The cumulative rainfall residual shows departures from
the long-term average, with upward sloping lines indicating relatively wet periods and
downward sloping lines indicating relatively dry periods.
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Figure 5-3  Rainfall Residual

5.2.2 Evaporation

The mean annual pan evaporation at Cataract Dam is approximately 1,420 mm/yr as shown
in the PPD data in Figure 5-4, and is highest in the summer months. There is no Bureau of
Meteorology evaporation data available for this location.
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Figure 5-4  Annual Average Monthly Pan Evaporation at Cataract Dam

On the basis that the reservoir has a surface area of 8,500ha, this equates to an average
annual evaporation rate (at 1,420 mm/yr) of 120,700ML/year off the surface of the reservoir,

when it is
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5.3 Geology

Russell Vale Colliery is situated at the southern end of the Permo-Triassic (225-270 million
years) Sydney Basin within the lllawarra Coal Measures, which contains the Bulli,
Balgownie and Wongawilli seams.

The Russell Vale East area is predominantly covered by shallow hillslope-based colluvium,
with very thin to no alluvial sedimentary deposits in the valley floors as shown in Figure
5-5.

Outside of the upland swamps, there are no alluvial deposits of any significance within the
Wollongong Coal lease area except for possibly within, or under, Cataract Reservoir.
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Figure 5-5  Published Regional Surface Geology

Quaternary unconsolidated alluvial and colluvial sediments are also present within both
valley fill and headwater upland swamps, and are generally less than 2m thick, comprising
humic sands and clayey sands overlying weathered Hawkesbury Sandstone.

The Quaternary sediments in the Russell Vale East area are, in turn, sequentially underlain
by the:

Wianamatta Group (due to erosion, this formation is absent at Russell Vale East)

Hawkesbury Sandstone (absent to 181m thick) — the bedded to massive quartzose
sandstone with grey shale lenses up to several metres thick is uppermost in the
stratigraphic sequence in the maijority of the Application Area except where it has been
eroded in the headwater valleys of Cataract and Bellambi Creeks in the Russell Vale
East area. Exposed Hawkesbury Sandstone is prevalent across the central and western
areas of the lease. The Hawkesbury Sandstone also outcrops in the catchment
headwaters of Russell Vale East, with the underlying Newport and Garie Formations,
Bald Hill Claystone and Bulgo Sandstone being exposed in reaches of Cataract Creek.
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It can contain up to 4% manganiferous siderite and up to 0.5% of iron sulfide (principally
marcasite) with minor solid solution incorporation of nickel, zinc and manganese
sulfides.

Narrabeen Group — the Narrabeen Group consists of the following units as described

below.

Newport and Garie Formations (4.6 - 36m thick) — The Newport Formation has
interbedded grey shales and sandstones which has a variable thickness across
the Application Area. The Garie Formation is generally around 3m thick and
contains cream to brown, massive, characteristically oolitic claystone with a
relatively constant thickness across the Application Area.

Bald Hill Claystone (17 - 42m thick) — The unit is typically a chocolate brown to
red brown kaolinitic marker bed claystone with silty and sandy grey and mottled
grey - brown zones with a relatively constant thickness over the Application Area.
It predominantly consists of 50 - 75% kaolinite with hematite and siderite as
accessories, which give it its distinctive colour.

Bulgo Sandstone (113 - 154m thick) - thickly bedded, medium to coarse grained
lithic sandstone with occasional conglomerate and shale.

Stanwell Park Claystone (15 - 26m thick) - greenish-grey mudstone and
sandstone, with a general thickening of the claystone to the north west.

Scarborough Sandstone (16 - 31m thick) - thickly bedded sandstone with shale
and sandy shale lenses up to several metres thick.

Wombarra Claystone (35 - 61m thick) — has a similar lithology to the Stanwell
Park Claystone and generally thickens to the south east.

Coal Cliff Sandstone (8 - 13m thick) - shales and mudstones contiguous with
the underlying Bulli seam and varies from a quartzose sandstone in the east to
a more shale/mudstone dominated unit in the west.

lllawarra Coal Measures — The lllawarra Coal Measures consist of interbedded shales,
mudstones, lithic sandstones and coal seams, including the Bulli Seam, Loddon Sandstone,
Balgownie Seam, Lawrence Sandstone, Eckersley Formation, Wongawilli Seam and
Kembla Sandstone. The major coal seams in sequentially lower order are described below.

18

Bulli Seam (2.0 - 4.7m thick) — Coal from the Bulli Seam has been worked
extensively by both longwall as well as bord and pillar methods within and
surrounding the Wollongong Coal lease area. The depth of cover to the Bulli
Seam varies from 205 - 290m at Russell Vale East, with a seam dip to the north-
west of approximately 1 in 30 with modification in the vicinity of the north west /
south east trending South Bulli Syncline to the west of Cataract Reservoir, and
a north south trending unnamed syncline to the west of Wallandoola Creek. A
small scale north south trending syncline is present in the Bulli Seam workings.
The Bulli Seam overlies the Balgownie Seam by 5.5 - 13.6m with a median 9.9m
separation in the lease area.

Loddon Sandstone (5 - 8m thick) — shale, mudstone, siltstone, sandstone with
a sharp conglomeratic base
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Balgownie Seam (0.8 - 1.5m thick) — The Balgownie Seam has not been worked
extensively in the southern coalfield, although limited longwall extraction has
been conducted in the Russell Vale East area. The Balgownie Seam overlies the
Wongawilli Seam by 10.6 - 24.7m with a median 18.7m in the lease area.

Lawrence Sandstone (16 - 17m thick) — mudstone, siltstone to sandstone at
the base

Cape Horn Seam (0.1 - 0.4m thick) — a thin seam that is not mined commercially

Eckersley Formation and Hargraves Coal Member (6 - 8m thick) — mudstone,
claystone, siltstone and shales with the intercalated very thin (0.1 -0.3m),
uncommercial Hargraves Coal Seam

Wongawilli Seam (6.2 - 10.5m thick) — comprised of up to 11 sub seams. It has
predominantly been mined in the southern area of the Southern Coalfields,
although has also been mined by Longwalls 4 and 5 in the Wollongong Coal
lease. The depth of cover for Wongawilli Seam varies from 237 - 321m at Russell
Vale East. In the lease area the Wongawilli Seam underlies the Bulli Seam by
24.1 - 36.4m with a median of 30.4m.

Lithologies underlying the Wongawilli Seam — the following units underlie the
Wongawilli Seam:

Kembla Sandstone (5 - 9m thick) — shale, siltstone and finer to coarse grained
sandstone

American Creek Coal Member (0.3 - 3.5m thick) — this seam has not been
mined in the Southern Coalfields

Allens Creek Formation (14 - 15m thick) — shale, siltstone and finer to coarse
grained sandstone

Darkes Forest Sandstone (5 - 9m thick) — fine to medium grained sandstone
Bargo Claystone (10 - 12m thick) — mudstone, siltstone, shale

Tongarra Seam (1.5 - 2.0m thick) — this seam was mined to a limited extent in
the southern part of the Southern Coalfields

Wilton Formation (minimum 4m thick) — claystone, siltstone and shale

5.3.1 OQutcrop Mapping

Outcrop mapping of the surface geology, faults and dykes in the Russell Vale East area was
completed by Wollongong Coal geologists in 2013 (Gujarat NRE Coking Coal, 2014) as
shown in Figure 5-6.

For discussion of the Russell Vale East geology, refer to Gujarat NRE Coking Coal (2013).
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5.3.2 Underground Mapped Faults

There are no known maijor faults in the overburden above the proposed Russell Vale East
workings, apart from the Corrimal Fault which has only been mapped in the Bulli workings
in the western periphery of Russell Vale East as shown in Figure 5-7.

No known or observed groundwater inflows have been associated with any faults
intersected by the workings at Russell Vale East in the Bulli, Balgownie or Wongawilli Seams
(SCT Operations, 2019).

At the Bulli Seam level, the Corrimal Fault has a 1.3 — 3.0m displacement in the vicinity of
the proposed workings. The Corrimal Fault trends in a SE / NW direction, and is located to
the west of Longwalls 4 and 5, but passes through Longwall 6 (340m). It then phases out to
the north of Longwall 6.

The maximum displacement of the Corrimal Fault within a 20m wide faulted zone is 28.7m,
which reduces toward zero to the north of Longwall 6, and is not interpreted to be present
between the proposed first workings and Cataract Reservoir (SCT Operations, 2019).

A NW / SE trending splay off the Corrimal Fault (associated with Dyke D5) and a SW / NE
fault (associated with Dyke D6) are located to the south of the eastern block of workings,
with the D6 fault crossing under Cataract River, to the west of the proposed eastern block.

The north-west south-east trending Rixon’s Pass Fault is shown at surface on the 1:100,000
geological map to be sub-parallel to Cataract Creek, however, no trace of it has been
identified in the Bulli or Balgownie workings.

Outside of the historic mine workings, the exact location, throw and inclination of the faulted
zones are not known, and their potential position is extrapolated from drilling data and in-
seam mapping.

5.3.3 Underground Mapped Intrusives
The proposed Wongawilli Seam workings are bound by dkyes D1,2,3,5,9, 10 and D11.

The SE / NW trending Dyke D7 cuts through the south eastern group of workings, then
phases into Dyke D8, which cuts through the eastern end of Longwall 5 and within Longwall
6, before passing to the north west to the south of the northern group of workings. Limited
in-seam silling has been mapped within the western end of Longwall 5, which significantly
affected the extraction rate of LW5 and into Longwall 6 (340m).

Dyke D8 underlies Cataract Creek between the two northern groups of workings, but does
not intersect Cataract Reservoir until it is approximately 720m west of the proposed first
workings.

Dyke D8 has been mapped at surface as a highly weathered illite / montmorillonite clay, or
totally eroded feature of up to 0.5m wide and with up to 0.8m of displacement. It is
associated with smaller first order SE / NW trending gullies over the proposed south eastern
workings as well as LWs 4 to 6 (340m).

No inflows to any of the three seams of workings have been observed in association with
Dyke D8 (SCT Operations, 2019). No diatremes have been identified within the proposed
subsidence area, however a large sill is located to the east and north of Russell Vale East.
For further discussion of underground structures and intrusives, the reader is referred to
Gujarat NRE Coking Coal (2014) as well as SCT Operations (2019A, B).
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5.4 Strata Hydrogeology

Six general hydrogeological domains are present in the Russell Vale East and overall
Application Areas, including the:

¢ hydraulically disconnected (perched) upland swamps;

e hydraulically disconnected (perched), ephemeral weathered Hawkesbury
Sandstone;

o deeper Hawkesbury Sandstone, which is hydraulically separated from the
underlying Bulgo Sandstone and deeper lithologies by the Bald Hill Claystone,
except where the claystone is fractured by subsidence or eroded away in the
channel of Cataract Creek;

o Narrabeen Group sedimentary lithologies, the lower portions of which have already
been locally fractured and depressurised above the existing Wongawilli, Bulli and
Balgownie seam workings and are interpreted to be fractured and/or depressurised
over areas of triple seam mining up to the shallow surficial strata, whilst areas only
mined in the overlapping Bulli and Balgownie secondary extraction areas are
interpreted to extend to the upper Bulgo Sandstone;

¢ lllawarra Coal Measures, which contains the Bulli, Balgownie and Wongawilli Seam
aquifers that have also been fractured and depressurised to varying degrees by the
existing workings and will be locally fractured and depressurised by the proposed
workings, and the;

e sedimentary sequence underneath the Wongawilli Seam.

Due to the steep topography and limited alluvium within the Cataract Creek and upper
Cataract River catchments, there is no notable groundwater bearing stream based alluvium
within Russell Vale East.

5.4.1 Hawkesbury Sandstone

Apart from aquifers in the coal seams, the main aquifer in the Application Area is the dual
porosity (i.e interstitial pore space along with fractures and joint porosity) Hawkesbury
Sandstone which, although having generally low permeability, can provide relatively higher
groundwater yields compared to other lithologies in the area.

The Hawkesbury Sandstone outcrops over the majority of the lease area although it has
been partially eroded in the central valley of Cataract Creek where the upper Bulgo
Sandstone is exposed.

Regional water levels within the sandstone result from interaction between rainfall infiltration
(recharge) through the shallow weathered zone into the underlying clastic rocks and with
topography over geologic time. Rainfall infiltration elevates the water table whilst drainage
channels incised through to the water table can provide seepage pathways that constrain
groundwater levels to the elevation of stream beds through seepage into “gaining” streams.

Evapo-transpiration losses from deep and shallow rooted vegetation would also reduce the
phreatic surface of the water table to varying degrees.

The low groundwater flow rates within the Hawkesbury Sandstone are primarily horizontal
with minor vertical leakage due to the dominant horizontal bedding planes and bedding
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discontinuities interspersed with generally poorly connected vertical joints.

Ephemeral perched water tables within the upper 20m of the Hawkesbury Sandstone that
are hydraulically disconnected from the underlying regional aquifer, can occur following
extended rainfall recharge periods.

In rainfall recharge periods, water levels in shallow aquifers respond by rising, whilst in dry
periods, levels are lowered through seepage to the local watercourses. During dry periods
the salinity in surface drainages normally rises as the strata baseflow seepage
proportionally increases.

Measured standing water levels in the Hawkesbury Sandstone range from to 12m to 39m
below surface.

High yields of up to 30L/s have been identified outside of the local area by Water-NSW in
the Kangaloon and Leonay-Wallacia areas where the sandstone is distinctly affected by
deep regional scale fracturing associated with igneous intrusions or a major regional
lineament along the base of the Blue Mountains associated with the Lapstone Monocline
(SCA, 2006).

These high yielding sandstones are not located in or near the Russell Vale lease area.

Water quality in the Hawkesbury Sandstone generally has low salinity (81 - 420uS/cm) with
relatively acidic pH (3.22-5.45) and can contain high iron levels up to 12.0mg/L in the
Application Area.

5.4.2 Narrabeen Group

The Narrabeen Group lithologies have significantly lower yielding aquifers compared to the
Hawkesbury Sandstone, with very minor productive supplies obtained in the Southern
Coalfields due to its generally deeper elevation below surface and its very low permeability.
The Bulgo Sandstone can contain salinities of up to 2300uS/cm (KBR, 2008) whilst the
Scarborough Sandstone (Short et al. 2007) can average around 850uS/cm.

The Narrabeen Group is generally low yielding (<1.0L/sec), with its highest yields obtained
from the coarser grained or fractured units.

The Narrabeen Group has generally low permeabilities, where the sandstones can provide
porous storage with limited fracture flow and with low transmissivity, whilst mudstones,
siltstones and shales effectively impede vertical flow. In some localities, groundwater flow
may be enhanced by localised, secondary fracturing where faulting and/or jointing
associated with bedding flexure or igneous intrusions can increase the hydraulic
conductivity.

Hydraulic connection between the lithologies occurs through fractures and joints. Where
vertical connectivity is present, more laterally uniform pressure distributions are exhibited.
Some local scale faults and dykes are present in the Russell Vale lease area as shown in
Figure 5-7 although they are not anticipated to be large enough to enable loss of stream
flow into the workings if dislocated by subsidence.

The Newport and Garie Formations, along with the underlying Bald Hill Claystone and the
upper Bulgo Sandstone outcrop within the base of the headwater valleys within the Russell
Vale East area would be directly recharged by stream flow leakage from Cataract Creek
and Bellambi Creek.
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The base of the Narrabeen Group is marked by the Wombarra Claystone which has very
low permeability in its unsubsided state.

5.4.3 lllawarra Coal Measures

Water quality varies regionally both within and between coal seams and inter-burden in the
lllawarra Coal Measures due to the complexity of groundwater flow, with the water being
mostly brackish to saline.

The Balgownie, Bulli or Wongawilli Seams do not outcrop within the Application Area,
although they outcrop along the lower section to the base of the lllawarra Escarpment. They
would be recharged by vertical infiltration from overlying lithologies, and there is no direct
connection between the seams and the surface creeks.

5.5 Registered Bores and Piezometers
There are no private bores or wells within the Russell Vale East Area.

The nearest registered bore on the Woronora Plateau is a test bore at Appin Colliery
registered to BHP, which is located approximately 4.9km to the north of the proposed
workings.

At present, one monitoring piezometer P514 (GW102223) is recorded in the NSW Natural
Resource Atlas database in the vicinity of the proposed workings.

No local data within the proposed extraction area is available on bore yields, as there are
no production bores present.

5.6 Geomorphology

The Application Area contains the regulated catchment of Cataract Creek, as well as
portions of Cataract River and Bellambi Creek, upstream of Cataract Reservoir at Russell
Vale East, which drain into Cataract Reservoir.

The catchments are described in detail in an associated report (WRM Water and
Environment, 2015) to which the reader is referred for further discussion.

5.7 Stream Flow and Stream Water Quality

Conversion of stream pool depths to volumetric flows at Sites CC3, CC4, CC8 and CR2, as
shown in Figure 5-8, has been conducted and is presented in WRM Water and Environment
(2015), with subsequent data presented in Umwelt (2019).

Based on drilling information and site observations, streams are interpreted to be “losing” in
the Russell Vale East catchment headwaters and “gaining” near Cataract reservoir.

However, due to the lack of drill rig accessibility to install piezometers in the valley floors,
there is insufficient data to map where the transition occurs within the lease area.

Surface water drainage from the plateau to the local streams is through ephemeral first and
second order gullies. The smaller gullies discharge into the major streams from elevated
stream beds after sufficient rain, whilst the majority of rain would infiltrate into the plateau
and swamp soils and weathered sandstone.
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Figure 5-8  Russell Vale East Stream Monitoring Sites

Recharge to the shallow, and subsequently the deeper regional groundwater system, would
occur over an extended delay of months to years. It would occur after the meteoric water
has soaked through the plateau’s soil and bedrock, with the majority of water discharging
back into the creek system from temporary seeps in the swamps and creek beds along
preferential horizontal flow regimes in the shallow outcropping bedrock.

The predominantly horizontal flow regime and restricted vertical recharge is essentially
determined by the:

e horizontally bedded strata with preferential flow along bedded zones with coarser
grain size,

e claystone/mudstone banding at the base and tops of sedimentary facies which
restrict vertical migration and enhance horizontal flow at the base of the more porous
unit,

e fracture zones enhancing horizontal flow through the strata, and;
e bedding planes or unconformities located immediately above finer grained
sediments or iron rich zones.

Groundwater seepage to the local streams can occur at isolated iron stained seeps along
the creek beds, where low volume and variable duration seeps discharge for a few days to
weeks after significant rainfall. The seeps are generally located at the interface between
coarser and underlying finer sandstone or shale/ sandstone interfaces which restrict vertical
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flow through the bedrock and enhance lateral flow. Most observed seeps in the local
streams are anticipated to flow at less than 1L/sec.

The current interaction between surface water, perched and regional groundwater systems
is postulated to be that pre-mining conditions prevail in that during wet periods there is a
net contribution of groundwater to the surface system, while in dry conditions there is a net
loss of surface water, with the resulting surface flow depending on the relative balance
between seepage baseflow and stream outflow.

Mapping of the stream reach over the proposed workings indicates Cataract Creek is an
ephemeral, “losing” stream in its first order headwater tributaries over the eastern and
southern section of the southern proposed first workings, then becomes perennial
downstream of that point where a seepage face is present in a 3m high sandstone rock
face, down to its junction with Cataract Reservoir.

The surface water and shallow groundwater system is interpreted to be hydraulically
isolated from the Bulli Seam workings in areas where only overlapping Bulli and Balgownie
secondary extraction is present, although may not be separated where the overlapping
workings of the Wongawilli Seam (Longwalls 4, 5 and 6(340m) have also been subject to
longwall mining.

At present there are local scale aquifer systems at Russell Vale East over the subsided zone
of the Bulli, Balgownie and Wongawilli Seam workings.

It is assessed an upper fractured unit is present from surface to approximately 20m below
ground, which transitions into an elevated horizontal permeability zone caused by vertical
bedding dilation, which does not necessarily contain a hydraulically connected, subsidence
enhanced, vertical permeability component. This zone subsequently transitions into a
sequentially higher permeability zone in the goafed and overlying deeper lithologies which
can have a higher potential hydraulic connection to the Wongawilli Seam workings.

The Hawkesbury Sandstone and Bulgo Sandstone groundwater systems are not interpreted
to be hydraulically separated in the valley of Cataract Creek where the Bald Hill Claystone
is eroded through to the Bulgo Sandstone, downstream of the freeway. In addition, they may
not be separated where the sandstone may have locally enhanced permeability due to its
lack of lithostatic pressure where it has limited or no overburden, or where the Bald Hill
Claystone has been fractured by subsidence.

The creeks and perched swamps are separated from the underlying regional groundwater
system by a profile of unsaturated strata.

5.8 Groundwater Dependent Ecosystems and Upland Swamps

As no change to the potential effects on groundwater dependent ecosystems has occurred
since the last two groundwater assessment reports, further discussion of the stream and
upland swamp groundwater dependent ecosystems is contained in GeoTerra / GES (2014).
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6. POTENTIAL STRATA DEFORMATION AND ASSOCIATED GROUNDWATER

EFFECTS

6.1 Observed and Predicted Subsidence from Previous Mining

GeoTerra/GES

Table 2 summarises subsidence that has occurred as a result of mining the Bulli Seam
(estimated), Balgownie Seam (measured) and Wongawilli Seam (measured subsidence for
Longwalls 4, 5 and the westernmost 340m of Longwall 6) within the Russell Vale East

domain.

For further discussion of the relevant subsidence observations and predictions, refer to SCT
Operations (2019).

Table 2 Predicted and Measured Subsidence
Previous Predicted Predicted Predicted Predicted Maximum
Subsidence | (Measured) (Measured) (Measured) (Measured) Cataract
(m) Subsidence Tilt Tensile Strain Compressive Creek
(m) (mm/m) (mm/m) Strain (mm/m) | Closure (mm)
LW1 1.3 2.1 40 +12 -24 650
LW2 1.1 2.1 40 +12 -24 610
LW3 1.3 2.6 51 +15 -31 350
LW4 1.9 2.1 (1.6) 35 (30) +10.5 (7.5) -21 (-14) N/A
LW5 0.9 1.9 (1.8) 36 (30) +10.8 (6) -22 (-12) (49) closure
site CS4
LW6 (340m) 15 2.1 (0.42) 38 (TBA) +11 (+1.3) -23 (-2) 400 (59) Cs4

NOTE: measured parameters are shown in brackets

6.2 Predicted Subsidence from Revised Preferred Project Mine Plan

SCT (2019) assessed the potential subsidence movements associated with the proposed
Revised Preferred Project Mine Plan and found that the proposed mining layout is likely to
be long-term stable with a low potential to cause significant:

e surface subsidence;

¢ interaction with the overlying seams, or;

e interaction with existing groundwater systems.

The proposed layout is not considered to have any potential to perceptibly impact natural

surface features including;

e upland swamps;

28

cliffs, including the lllawarra Escarpment;
steep slopes;
e creeks and drainage lines, and;
e Cataract Reservoir.
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Assuming the overlying workings are not required to be drained for mining in the Wongawilli
Seam, any impacts on groundwater are expected to be limited only to the immediate vicinity

GeoTerra/GES

of the Wongawilli Seam and only in the area of the proposed mining.

A peer review of the subsidence assessment has also been completed. The peer review

supported the findings of the subsidence assessment for the Revised Preferred Project.

The peer review stated the following in relation to the risk of potential surface and

groundwater interactions:

o the proposed mining is not expected to result in any significant subsidence impacts on
either the surface or sub-surface groundwater regimes;

o there is no credible risk of water flow along major structures from Cataract Reservoir
as a result of the proposed first workings in the Wongawilli Seam;

o the proposed mining is not considered likely to alter the status of mining/groundwater
or surface interaction;

e impacts on groundwater are not expected to occur beyond the immediate vicinity of
the Wongawilli Seam.

Table 3 summarises predicted subsidence as a result of the proposed first workings mine

plan in the Wongawilli Seam within the Russell Vale East domain.

Table 3 Predicted First Workings Subsidence
Previous Predicted Predicted Tilt Predicted Predicted Maximum
Subsidence | Subsidence (mm/m) Tensile Strain Compressive Cataract
(m) (m) (mm/m) Strain (mm/m) Creek
Closure (mm)
Proposed 15t Wkgs 1.2 <01 imperceptible imperceptible imperceptible imperceptible
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7. HYDROGEOLOGICAL INVESTIGATIONS

Within the Wollongong Coal Russell Vale lease area, groundwater level and / or hydrostatic
water pressure monitoring has been conducted for the Hawkesbury Sandstone and
underlying lithologies over the 500 series Longwalls adjacent to the western side of Cata