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RUSSELL VALE COLLIERY UNDERGROUND EXPANSION PROJECT
RESIDUAL MATTERS REPORT
for

Wollongong Coal Limited

1 OVERVIEW

1.1 INTRODUCTION

Wollongong Coal Limited (WCL) owns and operates the Russell Vale Colliery (formerly known
as NRE No. 1 Colliery). In October 2013, WCL submitted a Preferred Project Report (PPR) to
modify the application for the Underground Expansion Project (UEP). Submissions on the
PPR were made by a number of regulatory authorities.

This Residual Matters Report has been prepared by Hansen Bailey Environmental Consultants
(Hansen Bailey) on behalf of WCL to provide a response to the submissions from regulatory
authorities.

A Noise Impact Assessment and Flood Study will be provided separately in the near future.
All other issues are responded to in this Report.

1.2 BACKGROUND

A Project Application (PA 09_0013) for the UEP was made on 12 August 2009 which sought
approval for longwall mining operations in the Wongawilli Seam. The Project Application
proposed the extraction of 11 longwalls in the Wonga East area and 7 longwalls in the Wonga
West area. The Project Application was supported by the “NRE No.1 Colliery Project
Application (09_0013) Environmental Assessment” (ERM, 2009) (UEP EA). The UEP EA was
placed on public exhibition from 18 February 2013 to 5 April 2013. A total of 840 submissions
were received including 12 regulators, two special interest groups and 826 individuals (446 of
which were in support of the Project and 380 were objections).

The proponent’s Response to Submissions report (RTS) was included in the PPR submitted
to the Department of Planning & Infrastructure (P&l) in October 2013. The PPR proposed
significant changes to the mine plan to reduce environmental impacts in response to
stakeholder comments.

The PPR proposed the following changes to the mine plan for the UEP:

. Removal of the Wonga West area from the proposed mine plan;
. Removal of LW8 in the Wonga East area; and

. Amendments to the alignments and dimensions of the other longwalls in the Wonga East
area.

The mine plan that is currently proposed comprises eight longwall panels (LW1-3, LW6-7 and
LW9-11).
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The UEP PPR was provided by P&l to various regulators for comment. Submissions were
received from 10 regulators and three independent peer reviewers engaged by P&l. This
Residual Matters Report responds to these submissions. Table 1 indicates the regulators and
reviewers to which the RTS was provided, the date each responded and whether a response
from the proponent is required.

Since the submission of the PPR and RTS, Gujarat NRE Coking Coal Limited has changed its
name to Wollongong Coal Limited and the name of the mine has been changed from NRE
No.1 Colliery to Russell Vale Colliery. P&l has also changed its name to the Department of
Planning & Environment (DP&E).

Table 1
RTS List of Regulator Responses
Ref Regulator Date of Response | Response Required
1. P&l — Peer Review Coffey 26 November 2013 Yes
2. P&l — Peer Review Hebblewhite 17 November 2013 Yes
3. P&l — Peer Review Evans & Peck 28 January 2014 Yes
4. NSW Office of Water (NOW) 30 October 2013 Yes
5. Wollongong City Council (WCC) 13 November 2013 Yes
6. Eﬁre)%r;rrzgr; I;))f Trade & Investment Resources & 26 November 2013 Yes
7. Dams Safety Committee (DSC) 25 October 2013 Yes
8. Environment Protection Authority (EPA) 25 October 2013 No outstanding issues
9. Heritage Council of NSW (Heritage) 22 October 2013 Yes
10. | Office of Environment & Heritage (OEH) 15 November 2013 Yes
11. | Roads & Maritime Services (RMS) 22 October 2013 Yes
12. | Sydney Catchment Authority (SCA) 6 November 2013 Yes
13. | NSW Fisheries 29 October 2013 No outstanding issues

The PPR included impact assessments for subsidence (SCT, 2013), biodiversity (Biosis,
2013a) and heritage (Biosis, 2013b). These assessments have been revised in response to
the regulatory submissions on the PPR. In addition, new studies have been undertaken to
assess the impacts of the Preferred Project on groundwater, surface water and traffic. The
purpose of each specialists’ impact assessment is summarised in Table 2.
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Table 2
Specialists’ Impact Assessments

Appendix

Study

Purpose

B

Subsidence Assessment

Revised version of the subsidence assessment
(SCT, 2013) included in the PPR. This document
supersedes the earlier assessment.

Groundwater Assessment*

New assessment. This fully assesses the
groundwater impacts of the Preferred Project.

Surface Water and Groundwater
Addendum

Addresses the miscellaneous issues raised in
submissions that are not addressed in Appendices
CorF.

Surface Water Modelling*

New assessment. This assesses the potential
impacts on surface water resources resulting from
cracking induced by the Preferred Project.

Biodiversity Assessment

Revised version of the biodiversity assessment
(Biosis, 2013a) included in the PPR. This document
supersedes the earlier assessment.

Heritage Assessment

Responses to the submissions on the Heritage
Assessment (Biosis, 2013b) included in the PPR.

Traffic & Transport Impact Assessment*

New assessment. This fully assesses the traffic
impacts of the Preferred Project.

Geological Report

Revised version of the Geological Report included
in the PPR (Gujarat NRE Coking Coal, 2013). This
report was revised to include geological
investigations undertaken since the PPR. This
report supersedes the 2013 report.

* Assessments for these disciplines were included in the UEP EA. These are the only studies undertaken for the
Preferred Project with respect to these disciplines.

1.3 REPORT STRUCTURE

The majority of responses to regulatory issues are provided in individual reports from technical
specialists in Appendix B to Appendix L. Miscellaneous issues are discussed in Section 2.

A Noise Impact Assessment and Flood Impact Assessment will be forwarded separately in the
near future. All other issues are addressed in this Report. To assist the reader, the table in
Appendix A lists each issue raised by each regulator (or peer reviewer) and indicates where
it is addressed in this Report.
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2 ENVIRONMENTAL AND SOCIO-ECONOMIC ISSUES
This section provides residual requlatory issues in italics; with WCL’s response in normal type.
The regulatory submissions are included in tabular format in Appendix A.
2.1 DEPARTMENT OF PLANNING AND INFRASTRUCTURE
2.1.1 Issue — Mine Plan Figure

P&l noted that no scale is shown on the mine plan figure of the UEP PPR and also that it is
not geo-referenced. P&l requires confirmation of the positioning of Cataract Creek with respect
to LW7 of the PPR mine plan.

Figure 1 illustrates the mine plan for the UEP (to scale and with geo-referencing) to show the
location of LW?7 relative to Cataract Creek.

2.1.2 Issue — Environmental Monitoring Program

P&l make a number of recommendations regarding the site monitoring program, specifically in
relation to the integrated surface water, groundwater and ecological monitoring programs.

WCL will comply with any conditions of Project Approval in this regard and is currently re-
designing an Environmental Monitoring Program (EMP) to integrate surface water,
groundwater and ecological monitoring programs to ensure an ongoing comprehensive
assessment of the ecosystem function of the potentially affected upland swamps.

This EMP will include monitoring of:
. Subsidence impacts on creeks;
° Height of depressurisation;

° Water quality and quantity;

° An expansion of the existing network of shallow swamp piezometers, and regular review
to assess any abnormal behaviour that cannot be attributed to evapotranspiration or
drainage to a watercourse;

° Data from the establishment of a meteorological station within the Wonga East area to
measure rainfall and potential evapotranspiration;

. Piezometers to be established at the upslope end and downslope end of a minimum of
two swamps in order to understand the down-slope movement of shallow groundwater;

. Two additional flow monitoring points to swamps in which pairs of piezometers (upslope
and downslope) are to be installed;

. The water balance of each monitored swamp on a monthly basis using recorded rainfall,
estimated evapotranspiration and recorded water levels and outflow measurement; and

. Characterisation of soils within the swamps to determine:

o Porosity - in order to provide a basis for relating piezometer water levels to rainfall
and evapotranspiration; and

Ref: 140620 Russell Vale UEP PPR Residual Matters Report HANSEN BAILEY
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o Presence (or absence) of clay materials at the interface with the underlying
sandstone which could mitigate water loss from the swamp to the underlying
sandstone in the event that subsidence induced cracking of the sandstone occurs
under a swamp.

2.1.3 Issue — Impacts on Bellambi Gully

P&l noted that discharges of stormwater and treated mine water into Bellambi Gully have
resulted in impacts on the flow regime and water quality of the stream.

WCL currently holds an Environmental Protection Licence (EPL) for its operations at Russell
Vale Colliery. Discharges of treated stormwater and mine water will continue to be undertaken
in accordance with EPL 12040.

2.1.4 Issue - Flood Management

P&l suggested that additional flood controls are required to prevent flooding of the Russell
Vale Site, as occurred in August 1998.

A Flood Study is being undertaken for the Bellambi Creek catchment to understand existing
flood conditions and to determine the necessary flood mitigation measures. This Flood Study
will be provided in the near future.

2.1.5 Other issues

Issues raised by P&l relating to subsidence, groundwater, surface water and ecology are
addressed in Appendix B, Appendix C, Appendix E, Appendix F and Appendix G.

A Subsidence Assessment (SCT, 2013) for the Preferred Project was submitted as part of the
PPR in October 2013. This Subsidence Assessment has been updated in light of the following
developments since October 2013:

° Completion of mining for Longwall 5;

° Additional subsidence monitoring, particularly valley closure measurements;
. Identification of a sandstone formation; and

° Completion of a peer review of this assessment.

The updated Subsidence Assessment is provided in Appendix B. Responses to the
submissions on the PPR are addressed in Appendix 2 of Appendix B.

Numerical groundwater modelling has been undertaken to determine the impacts of the
Preferred Project on groundwater systems, streams and Cataract Reservoir. This assessment
is provided in full in Appendix C.

A peer review of the groundwater assessment was conducted by Associate Professor Noel
Merrick of HydroSimulations (refer to Appendix D).

2.2 NSW OFFICE OF WATER

Issues raised by NOW in response to the PPR generally relate to subsidence, groundwater,
surface water and upland swamps. These issues are addressed in Appendix B, Appendix C,
Appendix E, Appendix F and Appendix G.

Ref: 140620 Russell Vale UEP PPR Residual Matters Report HANSEN BAILEY
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2.3 WOLLONGONG CITY COUNCIL
2.3.1 Issue - Noise Barriers

WCC cites the EA noise impact assessment (ERM, 2012) and notes that the noise modelling
incorporated the following noise attenuation / mitigation measures:

(i) “A 3 metre high acoustic barrier to the south of Broker Street;

(i) A 3.6 metre high roadside type barrier to the north of the internal access road from the
weighbridge to the Princes Highway; and

(iii) Noise mitigation of certain equipment such as mine ventilation fans and dozers.”

WCC'’s concern relates to the need to construct the barriers to protect surrounding residential
areas from noise emanating from the mine's pit top operations.

Further, WCC also notes that the recent noise audit report (i.e. referred to in the Preferred
Project Report) does not properly consider how certain weather conditions (i.e. wind speed
and direction, cloud cover, etc.) influence noise emanating from the pit top activities.

WCC also notes that the PPR fails to provide conclusive advice as to what noise mitigation
measures will be introduced in order to address potential noise impacts from the Pit Top area
activities, especially truck loading activities and dozers working upon the stockpile areas.
Noise impacts along Bellambi Lane also remain unresolved. The construction of the new
screening and sizing station should be a condition of consent if the application is ultimately
approved.

It is noted that the EPA submission to the UEP PPR dated 25 October 2013 did not list any
issues relating to noise.

The Director-General’s Environmental Assessment Report for the Preliminary Works Project
(P&I, 2011) identifies that the predicted noise levels at Receivers 1-4 (R1 — R4) will increase
by a maximum of 3 dB as a result of the removal of the acoustic barriers included in the noise
model. As these receivers are predicted to receive exceedances of the Project Specific Noise
Criteria (PSNC) both with and without the barriers, P&l considers that the barriers are “of
limited beneficial effect” and that the “proposed barriers would be visually intrusive”.

As such P&l (2011) states that WCL should “first implement all reasonable and feasible source
controls (through the proposed replacement of various surface facilities and any other
appropriate measures) and then conduct a comprehensive noise audit, to ensure that any
additional migratory measures are well designed and placed in order to achieve maximum
community benefit.”

Ref: 140620 Russell Vale UEP PPR Residual Matters Report HANSEN BAILEY
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Pacific Environment (2012) conducted a noise audit, as recommended by P&l, and noted that:

“A statistical analysis of the data taken from the Bureau of Meteorology Wollongong
weather station (Station Number 068241) provided in NRE No.1 Colliery Preliminary
Works assessment, indicate that winds blowing from the site to receivers are not a
feature of the area (i.e. >= 3 m/s winds occurring more than 30% of the time).

In addition, the assessment found that the frequency of occurrence of F and G
atmospheric stability categories is less than 30% of the winter evening and night periods.
Therefore, in accordance with the INP, wind effects and temperature inversions have not
been considered in this analysis. An average temperature of 20 degrees Celsius and a
relative humidity of 70% were implemented in the model.”

However, a revised Noise Impact Assessment is currently being undertaken for the Preferred
Project. The results of this modelling will be provided separately in the near future.

2.3.2 Issue - Air Quality

WCC requires that appropriate conditions of consent should also be required which
satisfactorily address the air quality (PM10 particulate and total suspended particulate) issues.

Based on the outcomes of consultation with regulators and P&l during the development of
conditions, WCL will comply with the conditions of Project Approval that relate to air quality.

2.3.3 Issue — Employee’s Carpark

WCC requests that appropriate conditions of consent be imposed requiring the sealing and
line marking of the employee's carpark.

WCL does not believe that this action will make any significant contribution to improving water
quality on site. However, based on the outcomes of consultation with regulators and P&l during
the development of conditions, WCL will comply with any conditions of Project Approval in this
regard.

2.3.4 Other Issues

Other issues raised by WCC in response to the UEP PPR generally relate to subsidence and
groundwater, which are addressed in Appendix B and Appendix C.

2.4 DEPARTMENT OF TRADE & INVESTMENT, DIVISION OF RESOURCES &
ENERGY

2.4.1 Issue — Rehabilitation Plan
Rehabilitation Plan

1. The Proponent must prepare and implement a Rehabilitation Plan to the satisfaction of
the Director General of Department of Trade & Investment, Regional Infrastructure and
Services.

Ref: 140620 Russell Vale UEP PPR Residual Matters Report HANSEN BAILEY
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2. Rehabilitation Plan must:

a. Be submitted and approved by the Director General of Department of Trade and
Investment, Regional Infrastructure and Services prior to carrying out any surface
disturbing activities of the development, unless otherwise agreed by the Minister;

b.  Be prepared in accordance with DRE guidelines and in consultation with the
department, Office of Environment and Heritage, Environmental Protection
Authority, Office of Water, Council and the mine Community Consultative
Committee;

C. Incomporate and be consistent with the rehabilitation objectives in the EIS, the
statement of commitments and table 1;

a. Integrate and build on, to the maximum extent practicable, the other management
plans required under this approval; and

e. Address all aspects of mine closure and rehabilitation, including post mining land
use domains, rehabilitation objectives, completion criteria and rehabilitation
monitoring and management.

It is the intention of DRE that the Rehabilitation Plan fulfil the requirements of the Mining
Operation Plan (which will become the Rehabilitation and Environmental Management Plan
(REMP) once the Mining Act amendments have commenced).

Based on the outcomes of consultation with regulators and P&l during the development of
conditions, WCL will comply with any conditions of Project Approval requiring the development
of a Rehabilitation Plan. The Rehabilitation Plan will be prepared in accordance with all
relevant policies and guidelines and in consultation with the relevant regulators.

2.4.2 Issue — Extraction Plan

DRE requires the inclusion of the preparation of an Extraction Plan that must take into
consideration likely impacts that activities may have on Old Bulli Pillar Workings within the area
and on key natural features and public infrastructures; such as angled voltage transmission
towers, Mount Ousley Road, the lllawarra Escarpment and Cataract Creek / Cataract
Reservoir.

1. The proponent must undertake Geotechnical Investigations prior to the submission of an
extraction plan.

2. The extraction plan must:

a. Give consideration to impacts of old workings and include a detailed investigation
of overlying old Bulli Pillar workings in consultation with DRE, which:

. Assess the stability of remnant coal pillars in the former Bulli Seam workings;
. Includes revised subsidence predictions for the second working areas

. Recommends final design of the second workings panels and any necessary
adaptive management measures;
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b. Includes a Built features Management Plan prepared in consultation with DRE,
which:

. Address in appropriate detail all items of key public infrastructure, other
public infrastructure and all other built features;

. Has been prepared following appropriate consultation with the owner/s of
potentially affected features;

. Recommends appropriate remedial measures and includes commitments to
mitigate, repair, replace or compensate all predicted impacts on potentially
affected built features in a timely manner;

C. Includes a Public Safety Management Plan, which has been prepared in
consultation with DRE; and

d. Includes a Subsidence Monitoring Program, which has been prepared in
consultation with DRE.

Based on the outcomes of consultation with regulators and P&l during the development of
conditions, WCL will comply with any conditions of Project Approval requiring the development
of an Extraction Plan. The Extraction Plan will be prepared in accordance with all relevant
policies and guidelines and in consultation with the relevant regulators.

2.4.3 Issue - First Workings

DRE notes that “First workings on site, other than in accordance with an approved Extraction
Plan, may be carried out provided DRE is satisfied that the first workings are designed to
remain long term stable and non-subsiding, except insofar as they may be impacted by an
approved second working.”

WCL will ensure that first workings are developed in accordance with the relevant geotechnical
and engineering standards sufficient to ensure long term stability, with negligible subsidence.

2.4.4 Other Issues

Other issues raised by DRE in response to the UEP PPR relate generally to subsidence and
are addressed in Appendix B.

2.5 DAM SAFETY COMMITTEE

The Dam Safety Committee’s residual issues relate to the development of a numerical
groundwater model.

The groundwater modelling undertaken for the Preferred Project is presented in
Appendix C. The independent peer review is presented in Appendix D.

2.6 ENVIRONMENT PROTECTION AUTHORITY
No additional issues have been raised by the EPA and as such no response is required.

It should be noted that a revised Noise Impact Assessment will be provided in the near future.
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2.7 HERITAGE COUNCIL

Issues raised by the Heritage Council in response to the UEP PPR are addressed in
Appendix H.

2.8 NSW OFFICE OF ENVIRONMENT AND HERITAGE
2.8.1 Issue — Further Modifications to Mine Plan

“OEH does not consider that the PPR fully addresses the issues previously identified and
therefore recommends the mining plan should be modified further to avoid impacts to these
significant natural features.”

Significant changes to the mine plan were made for the UEP PPR to minimise the impacts on
significant surface features whilst still recovering a commercially viable percentage of the
available coal resource. The approach is focused on balancing the predicted environmental
impacts on natural and manmade surface features against the legacy of the existing
underground workings and the economics of the reserve within current mining operations.

Further reductions to the mine plan would result in the loss of economic viability of the
proposed operations and subsequent sterilisation of the coal resource.

2.8.2 Issue — Fish Monitoring

OEH recommends that a monitoring and management program be developed with Fisheries
NSW in regard to Macquarie Perch, Trout Cod and Murray Cod in Cataract Creek.

WCL will comply with any conditions of Project Approval with respect to this issue.
2.8.3 Other issues

Issues raised by OEH relating to subsidence, groundwater, surface water, ecology and
heritage impacts are addressed in Appendix B, Appendix C, Appendix E, Appendix F,
Appendix G and Appendix H.

2.9 ROADS AND MARITIME SERVICE
Additional traffic modelling using the SIDRA model has been undertaken.

The Traffic & Transport Impact Assessment is included in full in Appendix I. The assessment
was provided to Roads and Maritime Services (RMS) for consideration on 11 April 2014.

On 28 May 2014, RMS advised that the increase in traffic due to the UEP would not have a
significant impact on the main road network (see Appendix J).

2.10 SYDNEY CATCHMENT MANAGEMENT AUTHORITY
2.10.1 Issue — Exclusion of mining from Notification Area

The SCA recommended that longwall mining should be excluded from the Notification Area for
Cataract Reservoir.
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2.10.2 Response

Section 89 of the Mining Act 1992 provides that the DSC must be notified prior to the granting
of a mining lease within a notification area for a prescribed dam. The ability to grant a mining
lease within a notification area implies that mining is permitted in notification areas. To
exclude mining within the Notification Area, as suggested by SCA, would be contrary to the
Mining Act.

WCL looks forward to working closely with the SCA and other key stakeholders to ensure
that underground mining within the Notification Area for the Cataract Reservoir is conducted
without incident.

2.10.3 Other Issues

Issues raised by the SCA relate generally to subsidence, groundwater and surface water
and are addressed in Appendix B, Appendix C, Appendix E and Appendix F.

2.11 NSW FISHERIES
No additional issues have been raised by NSW Fisheries in relation to the UEP PPR.

for
HANSEN BAILEY
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Andrew Wu Dianne Munro
Environmental Engineer Principal
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° SCT (2013), Subsidence Assessment for Gujarat NRE Preferred Project Russell Vale
No 1 Colliery

° Standards Australia (1995), Australian Standard AS4282 (INT) 1995 — Control of
Obtrusive Effects of Outdoor Lighting
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Table 1 — Regulatory Submissions on the PPR and where each is Addressed

Ref Regulator Issue Where Addressed
2.1 Changes to the Mine Plan Figure 1

The new mine plan is presented in Figure 4 of the PPR however no scale is shown and it is not georeferenced.
This mine plan was positioned with respect to the MGA by overlaying the EA and PPR mine plans of Figure 4 of
1. DP&E the PPR onto a georeferenced drawing of the EA mine plan, and scaling it until a visual match was obtained
between the two versions of the EA mine plan. The result is shown in Figure 1. This process allowed positioning
of Cataract Creek (not shown in Figure 4 of the PPR) with respect to LW7 of the PPR mine plan. However, the
positioning error from this process is unknown.

The mined thickness will vary between 2.5m and 3.0m (depending mainly on coal quality). The mined height for | No response

2. DP&E LW4 was previously reported as 3.1m (Geoterra, 2012a). SG (2012) reported a mined height of 3.2m for this | required
panel.

3 DP&E Based on the new mine plan, the PPR states that there is an interpreted risk of significant secondary impact to | No response
swamps BCUS4 and CCUS4. required
2.2 Longwall LW7 Subsidence
2.2.1 Surface Subsidence Monitoring at Other Panels and Implications for the Height of the Collapsed Zone discussion

Subsidence measurements over existing total extraction workings in the Wongawilli East area are presented in | provided in
detail in the PPR. These measurements are important as an indicator for the subsidence behaviour in a multiple | Appendix B
seam mining environment. Subsidence monitoring of Balgownie and Wongawilli Seam panels in Wonga East
indicates that incremental Balgownie panel subsidence ranged between 0.9m and 1.2m where overlying Bulli
goaf (room and pillar panels with pillar extraction) was present, approaching 80% of the mined height (implying a
mined height of about 1.5m for the Balgownie panels). In unusual areas (latent subsidence, goaf edge), the
incremental subsidence reached 1.4m, approaching 100% of the mined height. Figure 2a (after Figure 49 of the
PPR) shows these results.

Maximum incremental subsidence at Wongawilli LW4 was 1.4m. For the mining geometry of LW4, and assuming | Subsidence
single seam mining, surface subsidence would be expected to range between 0.1m and 0.3m, about 14% of the | discussion
observed subsidence where Balgownie and Bulli goafs are present. The PPR states that cross panel subsidence | provided in
profiles indicate that the maximum subsidence in the centre of the Wongawilli panels is controlled by overburden | Appendix B
bridging capacity rather than strata recompression. The presence of overlying goafs reduces the bridging capacity
of overlying strata, having a significant effect on maximum incremental subsidence for the Wongawilli panels. It
was also observed that the additional subsidence was confined to the panel footprint. Figure 2b (after Figure 58
of the PPR) shows these results.

4. DP&E

5. DP&E
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Surface subsidence results presented in the PPR indicate that the accrued surface subsidence from multiple | Groundwater
seam operations is more than an addition of estimated single seam subsidences. Although a relationship between | discussion
surface subsidence and the height of desaturation (H) is unavailable (due to the significantly greater dependence | provided in
6 DP&E of surface subsidence on overburden depth compared to H), the surface subsidence results would suggest that | Appendix C
the accrued height of the collapsed zone for multiple seam operations also may be more than an addition of
estimated single-seam H values (Tammetta, 2012). If this is the case, the consequence is that, where a
Wongawilli panel underlies existing full extraction workings, the height of H for the Wongawilli panel will be larger
than that calculated using the relationship for single seam mining (Tammetta, 2012).
2.2.2 Surface Impacts outside the Panel Footprint Groundwater
Information relating to changes in hydraulic conductivity just off the panel footprint is particularly sparse, however | discussion
several authors have estimated the extent of an impact zone from observations of dewatering in water supply | provided in
7 DP&E wells off the panel footprint. This zone is just off-panel, and adjacent to the panel. It is where a relatively fast | Appendix C
response is observed in hydraulic heads following caving, usually because of an immediate change in void ratio
from fracturing. Long-term effects on hydraulic heads extend further, but are caused by laminar flow induced by
drainage. In the off-panel impact zone, deformation is generally less than, and of a different character to,
deformation within the collapsed zone.
Ouyang and Elsworth (1993) estimated a probable angle of influence (defined as the angle whose tangent is the | Groundwater
lateral distance to an impact at the surface, divided by the overburden thickness) of 42° from 39 off-panel wells | discussion
8. DP&E (Figure 3). Cifelli and Rauch (1986) estimated an average angle of influence of about 20°, with several | provided in
observations of impact outside this angle. The Australian Federal Government (2013) estimated a maximum | Appendix C
angle of influence for impacts to peat swamps of approximately 45°. These impacts were characterised by
deformation of the rock underneath the swamp.
Where there may be a small lateral distance between the surface impact zone and the potential collapsed zone | Groundwater
of the panel, there is a risk of direct connection between the fracturing of the surface impact zone and the | discussion
9. DP&E collapsed zone, through deformed media having enhanced hydraulic conductivity in the impact zone. High-relief | provided in
topography may exacerbate this connection through enhanced lateral movement. Where the top of a collapsed | Appendix C

zone is some distance below the surface, the surface disturbance may not be strongly hydraulically linked to the
collapsed zone.
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2.2.3 New Proposed Position of LW7 No response
The new layout of LW7 is shown in detail in Figure 4. Subject to the accuracy of the positioning of the panels (the | required
positioning of the new mine plan is approximate (see above) and the channel centreline was digitised from
10. DP&E information in Geoterra 2012a, 2012b, and ERM, 2013, see also Coffey, 2013), it appears that the last 40m of
the new LW?7 position ceases to be overlain by any part of the adjacent Bulli room and pillar panel. The localised
northern corner of LW7 is now positioned under a small, about 50m wide, devoid of existing full extraction
workings.
While the method of Tammetta (2012) is useful for estimating H for a single seam operation, and was useful in | Groundwater
1. DP&E identifying areas of concern for the EA longwall layout, it cannot be used over such a small area of observation | discussion
for multiple seam mining. provided in
Appendix C
The minimum separation distance between the northern corner of LW7 and the Cataract Creek channel centreline | Groundwater
is approximately 45m (see Figure 4). Despite the absence of existing full extraction workings over a small strip of | discussion
12. DP&E about 50m width, there may still be a risk to the capacity of the channel of Cataract Creek to transmit surface | provided in
water. There may also still be a risk of direct hydraulic connection between the creek channel and goaf, through | Appendix C
the collapsed zone, where the channel comes to close to the panel edge. The significance of these risks cannot
be quantified, but warrants consideration.
2.3 Numerical Simulation Strategy No response
In the PPR, the proponent presents a strategy for groundwater numerical simulation which largely satisfies the | required
recommendations made in Coffey (2013). However, this strategy discusses potential or perceived limitations with
13, DP&E the recommended probability analysis and the database available for calibration. Further clarification is provided
below on these facets.
The strategy also makes assumptions which are stated as being based on recommendations in Coffey (2013).
The relevant recommendations in Coffey (2013) are clarified in relation to the assumptions made in the
proponent’s strategy. These clarifications are also provided below.
2.3.1 Probabilistic Analysis Groundwater
The probabilistic analysis of induced seepage from Lake Cataract does not need to be undertaken using the | discussion
14, DP&E Monte Carlo process. This was not stipulated in Coffey (2013). provided in
Itis considered that manual running of around 30 to 40 cases, with hydraulic conductivity arrays varied for each, | Appendix C
would be sufficient to guide the assessment of uncertainty. Required output would comprise the change in
baseflow to, or direct seepage from, the lake and other associated drainages (such as Cataract Creek).

Ref: 140620 Russell Vale UEP PPR Residual Matters Report

HANSEN BAILEY



Russell Vale Colliery UEP

Residual Matters Report 20 June 2014
For Wollongong Coal Limited Appendix A
Ref Regulator Issue Where Addressed

2.3.2 Calibration Database Groundwater

The EA identified a large number of data sources which were considered sufficient (subject to acquisition of near- | discussion
field drawdown data) to undertake a transient calibration as requested. These are sufficient to undertake a | provided in
calibration as requested, and develop a useful and robust model. These data are listed in the following sections, | Appendix C
and are of sufficient size to allow the development of a reasonable transiently calibrated model.
Hydraulic Heads Water monitoring
The hydraulic head monitoring network comprises 40 measuring devices (8 standpipe piezometers and 32 | is discussed in
vibrating wire piezometers) distributed throughout the depth profile at 11 locations. Project specific monitoring | Appendix E
locations include a number where frequent monitoring has been undertaken since mid 2012.

Hydraulic head monitoring data from the vibrating wire piezometer (VWP) nest at GW1 (see Coffey, 2013) were
selected by the proponent for collection of near-field drawdown from longwall advance, for the purpose of model
calibration. The monitoring data were not presented in the PPR but were supplied by Gujarat by email on 19
November 2013, at the request of the reviewer. Figure 4 shows the supplied data. The key in Figure 4 shows the
depth below ground for each VWP, and the lithology at that depth (HBSS, BACS, BGSS, and SPCS denote the
Hawkesbury Sandstone, Bald Hill Claystone, Bulgo Sandstone, and Stanwell Park Claystone respectively). The
hydrographs for Bulgo Sandstone VWPs capture the effect of depressurisation from LW5 in late 2012. The
measured drawdown is considered useful for model calibration of near-field disturbance.

Monitoring locations P501 and P502 in Wonga West (monitoring locations WB17 and WB18 respectively, from
Singh and Jakeman, 2001) have detailed monitoring data from 1993. These overlie historical Bulli seam longwalls
LW501 and LW502 in the Wonga West area, but are still useful for calibration since they are located in the model
domain and contain important information regarding vertical hydraulic head gradients.

15. DP&E

Groundwater Fluxes

The following data were identified in Coffey (2013) for use in model calibration.

. Regular flow monitoring data for Lizard Creek for the period October 2009 to August 2012 for monitoring
location LC3 (WRM, 2012). Data from February 2011 onward appear well suited to a baseflow analysis.

. Publicly available stream flow monitoring data for two gauges located within the area of interest
(Bellambi Creek and Loddon River), simultaneously covering the period 1991 to 1995 (WRM,2012).

. Flow monitoring at locations CC3 and CC4 on Cataract Creek (see Figure 11 and Table 16 of Geoterra,

2012b), reported to have been commenced using either temporary box notch weirs, or the flow velocity
/ cross section method, both of which provide direct flow measurements.
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. Pool depth monitoring at four locations in Cataract Creek since 2010, and at three locations since April

2012. Pool heights are also measured at several monitoring points in Lizard and Wallandoola Creeks.
Geoterra (2012b) states that pool depth measurements will be converted to flow rates once rating tables
are developed for the monitoring sites.
. Detailed monitoring of water extracted from the Wonga East workings (27 Cut Through) from 2010.
. Water being pumped out of previous mine workings to the west of Cataract Reservoir. Should pumping
rates be available, they would be most useful.
Hydraulic Conductivity
The site-specific hydraulic conductivity database accrued by the proponent comprises six short duration pump
tests at six locations, and 65 packer tests at eight locations. This is considered reasonable.
Coffey (2013) presented other published data for the Southern Coalfield for the purpose of providing (if needed)
a basis for constraints in the hydraulic conductivity field for model calibration, and a basis for probabilistic
numerical analysis of potential leakage from Lake Cataract. Large databases of pre and post-mining hydraulic
conductivity over centre panel were provided to the proponent in Coffey (2013), for the purpose of being
considered during model calibration. Of these, Reid (1996) contains useful data for strata impacted by mining,
and for undisturbed strata, for the Southern Coalfield.

Ref: 140620 Russell Vale UEP PPR Residual Matters Report

HANSEN BAILEY



Russell Vale Colliery UEP
Residual Matters Report

20 June 2014

For Wollongong Coal Limited Appendix A

Ref Regulator Issue Where Addressed
2.3.3 Other Clarifications Groundwater
Model Class discussion
The PPR states that a Class 3 model, as defined in Barnett et al (2012), will be required. No class of model was | provided in
stipulated in Coffey (2013) for the recommended simulation. This is because a strict application of the criteria in | Appendix C.
Barnett et al (2012) (for example, that predictive stresses should not be more than double the calibration stresses)
could rule out an otherwise useful model and leave no tool available for impact prediction. A probabilistic
Regardless of model class, any model will have some level of uncertainty which is directly dependent on (amongst | analysis was
other things) the calibration data base and the performance of calibration. Such a model may not meet predictive | undertaken using
criteria in Barnett et al (2012) however this is not considered detrimental, particularly if the uncertainty is explored | 30 stochastic
with a probabilistic analysis taking account of observed variations in hydraulic properties. The available calibration | model runs.
data base for the subject area (see above) is considered very large in relation to many other areas in the world,
and is considered sufficient to support the development of a numerical model that can provide results that will be
useful for decision making.
Provided that calibration is conducted as requested, and the uncertainty of the model is addressed as
recommended, non-compliance with some criteria in Barnett et al (2012) may be tolerable. Any non-compliances

16. DP&E can be raised with an external reviewer, during the modelling effort, for consultation and consideration. The

recommendations in Coffey (2013), combined with the available calibration data, might translate to a Class 2 /
Class 3 hybrid model, according to the criteria in Barnett (2012).

General Calibration

The questioning of the model calibration in ERM (2013) was completely independent of the criteria in Barnett
(2012). That calibration was undertaken for steady state conditions and is considered substandard for the purpose
of the model.

The modelling strategy in the PPR discusses proposed transient calibration using hydraulic heads and fluxes.
Calibration to measured hydraulic conductivities is not explicitly stated but these observations would need to be
incorporated into the calibration.

Clarification of Severe Deformation

Coffey (2013) indicated that laminar flow models are inappropriate for simulation of media where severe
deformation has occurred. Severe deformation is defined as the case where strains are exceptionally large and
laminar flow no longer occurs. The collapsed zone is a typical example. Strains are typically greater than 6mm/m
and flow occurs in unsaturated conditions. The model will need to use approximations for the collapsed zone.
Severe strains at the surface (the tensile cracking zone) create hydraulic conductivity fields with extremely high
uncertainty ranges. Outside these zones, the laminar flow formulation is appropriate.
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2.4 Swamps Groundwater
The PPR states that swamps have undergone subsidence due to previous mining, and that despite this, they are | discussion
reported as thriving. The height of the collapsed zone from previous mining is calculated to not have reached the | provided in
17. DP&E surface tensile cracking zone, therefore permanent drainage from the swamp to a goaf is unlikely to have | Appendix C
occurred. If H intersects the ground surface, permanent drainage will occur. Where H does not reach to surface,
filling of only a finite surface storage (increased void ratio from surface tensile fracturing) occurs, frequently
resulting in temporary water loss.
3.1 Lw7 Subsidence
By corollary, surface subsidence results presented in the PPR suggest that the accrued height of the collapsed | discussion
zone for multiple seam operations may be more than an addition of estimated single-seam H values. If this is the | provided in
case, the consequence is that, where a Wongawilli panel underlies existing full extraction workings, the height of | Appendix B
H for the Wongawilli panel will be larger than that calculated using the relationship for single seam mining
(Tammetta, 2012). Groundwater
The new layout of LW7 places its northern corner under a small localised strip, of about 50m width, devoid of | discussion
18, DP&E existing full-extraction workings. Despite the absence of existing full extraction workings over this strip, there may | provided in
still be a risk to the capacity of the channel of Cataract Creek to transmit surface water. Where the top of a | Appendix C
collapsed zone is some distance below the surface, the surface disturbance at a channel bed may not link to the
collapsed zone. Where the collapsed zone intersects ground surface, there is considered to be a risk of direct
hydraulic connection between the creek channel and goaf, through the collapsed zone, for small separation
distances between a channel and the panel edge. The level of risk is difficult to quantify but warrants
consideration.
No groundwater tools or theory are known that could provide a quantification of this risk, however the risk warrants
consideration, and deferral is made on this issue to subsidence engineers.
3.2 Numerical Simulation Strategy No Response
The strategy presented by the proponent for groundwater numerical simulation largely satisfies the | Required
19, DP&E recommendations made in Coffey (2013). However, this strategy discusses potential or perceived limitations, and
several assumptions (see above), which are not necessarily real. Recommendations in Coffey (2013) are further
clarified in relation to the assumptions made by the proponent, and discussion is provided to ameliorate the
limitations perceived by the proponent.
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3.3 Recommendations Groundwater
Since the potential risk to Cataract Creek revolves around H for LW?7, it is recommended that the height of the | discussion
20. DP&E collapsed zone be measured at LW4 or LW5, at a location where all three coal seams have been mined. At least | provided in
one borehole should be installed for this purpose, however two would be preferable. Since this survey would | Appendix C
benefit all parties, and the cost is not small, perhaps some of the cost can be borne by government. Should this
be possible, the government should retain rights to the data.
Appropriate monitoring of groundwater response and ground deformation should be undertaken for LW7, from | Groundwater
21 DP&E LW?7 startup or earlier, whereby sufficient warning is available to allow termination of LW7 before connection of | discussion
the creek channel to the goaf occurs. Deferral is made to ground movement experts on the appropriate type of | provided in
ground movement monitoring and instrumentation (and its location) to fulfil this purpose. Appendix C
A. Summary Section Subsidence
22, DP&E 1) Summary, p(i) — SCT notes correctly that the presence of the old workings in the other mined overlying | discussion
(Balgownie and Bulli) Seams, whilst providing some challenges, does present an advantage in the ability to | provided in
project the location of known geological structures between the seams into the proposed Wongawilli workings. Appendix B
2) Summary, p(ii) — SCT notes that previous Bulli Seam longwall experience will assist in understanding the | Subsidence
subsidence mechanisms involved (for this geology), and the prediction of actual subsidence values. It is also | discussion
noted that incremental subsidence and the approach of Holla and Barclay will be used for predicting tilts and | provided in
23 DP&E strains; and that the ACARP Method (Waddington Kay & Associates (now MSEC)) will be used for predicting | Appendix B
maximum closure.
These approaches are considered valid and appropriate; furthermore, they now address the shortcomings in the
previous Seedsman work which was lacking with respect to predictions in non-conventional subsidence effects
such as valley closure due to surface topographic variations.
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3) Summary, p(ii) — It is noted that “subsidence behaviour is essentially predictable albeit with somewhat different | Subsidence
characteristics to subsidence over single seam mining operations”. The term “essentially predictable” is rather | discussion

vague or imprecise in meaning, presumably due to the complexity of the issue under discussion. As previously | provided in
noted, it is due to the effect of multiseam mining on subsidence behaviour. It is simply not possible to provide | Appendix B
accurate, absolute subsidence predictions, based on such a limited database of current multi-seam experience.
SCT identifies the reason for subsidence differences in a multi-seam environment as being due to “overburden

24. DP&E stiffness characteristics and therefore the bridging capacity across individual panels, but is otherwise essentially
similar to the subsidence behaviour above single seam operations”. Whilst | agree with this statement to a point,
it perhaps over-simplifies the issue of exactly how the assessment of the changed overburden stiffness
characteristics can be carried out in order to predict multi-seam subsidence with any degree of certainty. It also
makes no reference to the important issue of time-dependency, when previous goaf areas (particularly old partial
or first workings panels) are remobilised.
4) Summary, p(ii) — SCT notes that there is potential for some localised pillar instability in the overlying Bulli Seam | Subsidence
25, DP&E workings in the vicinity of Longwall 1 when mining in the Wongawilli Seam takes place. discussion
provided in
Appendix B

5) Summary, pp(iii-iv) — SCT has undertaken an assessment of previous subsidence effects due to the mining of | No response
both the Bulli and Balgownie Seams. The Bulli Seam subsidence is estimated (see later in body of report for | required

26. DP&E explanation of basis for estimation technique); this has then been combined with measured data from longwall
mining in the Balgownie Seam. An interesting (and considered reasonable) statement is that in the multi-seam
environment “the goaf edge subsidence profile is expected to be softer than elsewhere”.
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6) Summary, p(iv) — It is noted that the PPR includes an adaptive management strategy “based on closure | Subsidence
monitoring and cessation of mining if there is a likelihood of significant perceptible impacts becoming apparent”. | discussion
This is discussed in relation to Cataract Creek in particular, and the possible impacts of valley closure effects. | provided in
Whilst this principle of adaptive management is considered reasonable, it is reliant on several factors which have | Appendix B
not as yet been clearly defined, but which are essential to the success of such a strategy. These were identified
in my initial report and include:

27. DP&E a. What amount of lead time will be available in the relevant monitoring data locations, to provide meaningful

data on which decisions can be made prior to the impacts occurring at Cataract Creek?

b. What certainty will there be, that the observed surface subsidence effects and related impacts will cease
immediately if mining is ceased in the area?

c. What is the proposed management structure whereby such decisions will be made — both with regard to
the interpretation of the monitoring data; and also with respect to deciding to stop the longwall, and how
quickly can such a process take place?

7) Summary, p(iv) — SCT makes a significant comment and recommendations, with respect to the potential impact | Subsidence
of mining on the identified 33 upland swamps identified by Biosis. Firstly, it is stated that mining is not expected | discussion
to cause significantly different impacts to those already experienced due to earlier mining — however, such | provided in
previous experience has not been well documented, to date (this is partly due to the simple lack of previous data | Appendix B
available). It is therefore difficult to agree with, or endorse this statement, in the absence of any supporting data.
Consistent with a lack of real quality data on swamp impacts, SCT then rightly argues for “more work is required
to determine the relationship between mining subsidence and the long term health of swamps”. It is stated that
there is a rare opportunity within this lease area where base data, or at least experience exists over many
decades, to undertake a more thorough review. SCT further recommends the formation of an ongoing monitoring
and review strategy with respect to subsidence impacts on swamps and their subsequent recovery over time.

28. DP&E

8) Such a view is strongly supported, and is in line with some of the recommendations from the Southern Coalfield | Subsidence
Review Panel Report (2008). The issue then becomes, how is such a review and further investigation possible | discussion
without mining progressing in the vicinity of such swamps in order to generate further data? It is proposed that | provided in
an incremental approach be adopted, with the first stage being a summary of historical impacts and evidence of | Appendix B
recovery; followed by more precise monitoring of subsequent impacts as mining proceeds — preferably in relation
to less significant swamps in the first instance.

29. DP&E
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9) Summary, pp(iv-vi) — Further summary impacts are discussed, with conclusions that impacts on sandstone cliff | Subsidence

formations, aboriginal sites, Mount Ousley Road, Cataract Reservoir, and the lllawarra Escarpment are likely to | discussion

be minimal to negligible. This view is supported. In relation to electricity transmission towers, it is noted that some | provided in

protection and remedial actions will be required. In regard to the use of a barrier between mining and the Full | Appendix B
30. DP&E Supply Level (FSL) of Cataract Reservoir, a horizontal protection barrier of at least 0.7 times depth has been

applied around the FSL which seems reasonable. However SCT then notes on p(vi) that “the presence of these

goafs reduces the effectiveness of the 0.7 times depth barrier”. This is referring to goafs from old workings. If this

reduction in effectiveness is real, as stated here by SCT, then surely this requires further justification of the

adequacy of the 0.7 barrier, or else a maodification to the barrier width or control measure for the FSL? Such an

explanation is lacking, but should be provided.

10) Summary, p(vii) — Discussion of the other submissions includes comments in relation to the subsidence | Subsidence

prediction technique(s). It is noted and agreed that prediction techniques are being continually improved, based | discussion

on available data, to enable better understanding of the subsidence processes involved. The following sentence | provided in

is then included in this discussion: “Although there is somewhat greater uncertainty for subsidence predictions in | Appendix B
31 DP&E a multi-seam environment, the available data indicates that the behaviour observed is repeatable and consistent

with the mechanics of the processes involved”. This statement does not yet appear to be supported by a

substantial body of factual data. On the evidence presented to date, there is still a reliance on hypotheses and

estimates, to provide a complete understanding of the multi-seam behaviour. It is, to put it simply, early days in

relation to this topic, with very little comprehensive quality data available, and | therefore find it difficult to support

such a bold statement at this time.

11) Summary, p(vii) — It is noted that the presence of the old workings in other seams provides valuable data with | Subsidence

respect to geological structures, and there are only two major structures in the area, which have been accounted | discussion

for in the PPR mine design. provided in
32 DP&E Appendix B

Geology discussed
in Appendix K
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12) Summary, p(vii) — SCT concedes correctly that the prediction of valley closure, upsidence and far-field | Subsidence
movements are only approximate, since these techniques are still under development. However, to their credit, | discussion
SCT has made such predictions (which were absent in the earlier prediction reports), using the best available | provided in
33. DP&E techniques and sources of data. Reference is again made, with respect to valley closure in the vicinity of Cataract | Appendix B
Creek, to “NRE’s commitment to stop the longwalls short if closure movements become likely to cause
unacceptable impacts”. As discussed above, the ability, practicality and processes for achieving such a
management control require further explanation and justification.
C. Section 2. Site Description Subsidence
1) Section 2, p4 — This includes a useful summary of the subsidence constraints used in the redesign of the mine | discussion
plan for the PPR. provided in
34. DP&E These constraints all seem reasonable and appropriate, however the constraint with respect to the significant | Appendix B
upland swamps lacks any quantitative or measurable definition, in terms of how does this translate to a design
constraint. Figure 2 is a copy of Figure 2 from the SCT report, showing both original and the revised PPR mine
layouts, together with the various constraints identified above.
2) Section 2, p6 — This provides an appropriate definition of the assessment area as extending 600m horizontally | No response
35. DP&E from any proposed longwall panels, and up to 1.5km to allow for far-field horizontal effects on any significant | required
features, such as the lllawarra Escarpment.
3) Section 2, p6 — It is acknowledged that the single seam subsidence seam prediction methodology used in the | Subsidence
original assessment was not appropriate, given the measured subsidence values over the current longwalls | discussion
36. DP&E ) L . .
(LW4) being well above the predictions. provided in
Appendix B
4) Section 2, Figures 6, 7 and 8 — These figures provide a useful record of the previous workings in each of the | Structural geology
Bulli and Balgownie Seams, together with the proposed Wongawilli Seam longwall panels. The location of the | is discussed in
37 DP&E major geological structures is also discussed (pp10-16), and it is noted that the major fault structure, known as | Appendix K

the Corrimal Fault, while significant in throw towards the southern end of the lease (away from the proposed
longwalls), diminishes to the northwest, to the extent that it is believed to be insignificant at the point where it will
be intersected by LW6.
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D. Section 3. Previous Mining Activity Subsidence
1) Section 3, p18 — It is noted that subsidence from previous mining in the Bulli Seam has been estimated, but | discussion
for the Balgownie Seam, measurements were taken at the time of mining. The recent mining of LWs 4 and 5in | provided in
38. DP&E the Wongawilli Seam has confirmed that observed subsidence does not match single-seam prediction behaviour, | Appendix B
although it is claimed that the multi-seam effects are largely restricted to within the chain pillar boundaries of the
currently mined panels. SCT again uses the expression “essentially predictable” when referring to multi-seam
behaviour, although the basis for such a claim is yet to be substantiated.
2) Figure 3 provides a good overlay of the proposed Wongawilli longwall panels, together with the location of the | No response
39. DP&E previous Balgownie Seam longwalls and the areas of old Bulli Seam bord and pillar workings. This is reproduced | required
from Figure 11 of the SCT report.
3) Section 3, p20 — SCT explains that their estimates of Bulli Seam subsidence have been obtained on the basis | No response
of previous experience “from mining in the Bulli Seam further to the west above the T and W (200 and 300 series) | required
longwall panels at South Bulli and subsequent pillar extraction operations”. Whilst it seems reasonable to develop
40 DP&E an understanding of subsidence over Bulli Seam bord and pillar workings, the detail is not provided to allow any
assessment of the validity or accuracy of this approach, and regardless, it would be very difficult to gain any high
levels of confidence in what are no doubt a range of different mining panel geometries and extraction scenarios.
This approach is therefore a reasonable one, but there must be a significant note of caution with respect to the
confidence in the magnitude or variability of the predicted values, relative to the current areas of interest.
4) Section 3, p20 notes that an extensive underground inspection was undertaken on 21 June 2013 which has | Subsidence
identified an area of pillar workings in the Bulli Seam above/adjacent to the proposed Wongawilli panels which | discussion
are likely to be destabilised as a result of Wongawilli undermining. (This is backed up by evidence of pillar | provided in
41. DP&E destabilisation caused by the previous Balgownie longwalls, in a similar area of Bulli Seam pillar workings). Itis | Appendix B
noted that such effects are likely to be localised, and confined close to the new goaf edge, but need to be taken
into consideration. This has already been discussed under section A(4), and relates to an area near Longwall 1
(further discussed on SCT Report p23).
5) Section 3, p23 — Discussion of measured Balgownie Seam longwall-related subsidence confirms that there is | Subsidence
evidence from the data that there was additional subsidence at the time due to associated, remobilised pillar | discussion
42. DP&E instability. provided in
Appendix B
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6) Section 3, p23 — Further discussion addresses the question of pillar run potential. SCT states that such a | Subsidence
scenario is certainly possible, in the context of localised pillar regions, as discussed above, but is unlikely to | discussion
extend over any large distances, based on a combination of assessment of the old mine plans, and underground | provided in
inspection. This opinion and conclusion is considered reasonable. SCT then extends the definition of “pillar run” | Appendix B
to include the impact of additional abutment stresses on pillar regions causing, not instability, but simply an
43. DP&E additional increment of elastic compression of the pillars, hence an additional increment (albeit small) of surface
subsidence, without pillar failure. This is certainly not only feasible, but a certain outcome, where regional load
transfers and abutment stresses change the loading regime on standing pillars. However, it is not considered
appropriate to include this under the heading of a “pillar run” which historically has been a term used to describe
large scale, dynamic pillar instability and failure. The issue of incremental elastic compression does not fall under
this description and it is strongly recommended that such terminology should not be used for such behaviour.

7) Section 3, p24 and following — Section 3.2 discusses the Balgownie Seam subsidence effects. Firstly, it is | Subsidence
noted that in areas where there was overlying Bulli Seam goaf, the measured goaf edge region subsidence | discussion
extends further, but only to the extent of being a secondary effect. It is also noted (pp26-27) that where the Bulli | provided in
Seam goaf areas were narrow and possibly bridging, the effect of underlying Balgownie workings is to cause a | Appendix B
greater increment of additional subsidence, such that the resultant surface subsidence extends up to 100% (1.4m)
of the Balgownie Seam mining height, i.e. the Balgownie goaf formation has reactivated the goaf above the Bulli
Seam and caused this additional subsidence, over and above what would have been expected from single-seam
Balgownie subsidence prediction.

8) Section 3.2 also discusses both horizontal strains and tilts, and then valley closure effects associated with | No response
Balgownie subsidence (p29). The ACARP method of predicting valley closure and upsidence is applied to these | required
sites and compared to measured data in regions around Cataract Creek where previous Bulli Seam mining had
taken place. It is found that this method provided good correlation between measured and predicted data and so
is considered applicable for assessing upper bound valley closure and upsidence effects in multi-seam
applications. This is a reasonable conclusion going forward, in the face of no other current methodology being
available. However it is a conclusion based on a very small dataset, and should be applied with great caution,
and a lower level of confidence than when working in single-seam situations.

44. DP&E

45. DP&E
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9) Section 3, p32-35 — It is unfortunate that having discussed the Balgownie Seam subsidence data with respect | Subsidence
to subsidence effects and impacts, strains, tilts, valley closure, surface cracking, rock falls, Cataract Creek etc, | discussion

there is no discussion about the subsidence effects in the vicinity of upland swamps that were impacted by the | provided in
Balgownie longwalls (such as are indicated to exist in Figure 2 in the middle of proposed Wongawilli LW6, which | Appendix B
in reference to Figure 3, lies directly above some of the Balgownie longwall panels). It would be extremely
valuable to know how much subsidence and strains, tilts etc occurred in the vicinity of those (and any other)
46. DP&E swamps, and then to assess what was the immediate impact on the swamps, if that was recorded at the time,
and what is the current state of recovery in such swamps to any adverse impacts that occurred. Such a correlation
between quantitative subsidence data and resultant impacts is the major missing element in this project
assessment. If, as SCT states, such data was collected, it is essential that it be reported in the above manner to
provide a valuable benchmark dataset and case study (c/f paragraph A(7) above). (Note: There is some
discussion on this point later in the SCT report, and some data is included in Appendix 1 of the report, but there
is no discussion of it here in the context raised above).

E. Section 4. Subsidence Prediction Methodology No response
1) Section 4 provides a comprehensive discussion of the methodology adopted for subsidence prediction, based | required

on the available empirical data and understanding of subsidence mechanics behaviour. It is largely based on the
experience, to date, from monitoring subsidence above Wongawilli LWs 4 and 5, where previous overlying
workings exist in both the Bulli and Balgownie Seams. It is a valuable contribution to understanding the muilti-
47. DP&E seam subsidence behaviour, and is a sound, and best available source of information on which to base the future
prediction methodologies for this project. However, it is important to recognise that it is still a relatively small
database, and so predictions must be made with caution, whilst the database is continually expanded, and
regularly re-evaluated. A critical part of the management strategy for this project moving forward must be to
conduct continual high level comprehensive monitoring; regular data analysis; and regular re-evaluation of the
subsidence behavioural models and hence predictions based on such models.
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2) Section 4, p37 — SCT draws the appropriate conclusion that in the multi-seam environment, the effect of the | No response
overlying goaf areas is to reduce the shear stiffness and rigidity of the overburden strata. Some subsidence data | required

is provided to support this hypothesis. On p43, the logical conclusion from this effect is stated to be “the reduced
shear stiffness leads to reduced bridging capacity of the overburden strata and significantly increased maximum
subsidence for the same overburden depth and longwall panel geometry”. This is a particularly important and
48. DP&E valid conclusion, and is significant in terms of providing forward predictions of subsidence behaviour. The
challenge remains as to how to quantify the magnitude of such increases, and define the conditions under which
they occur. SCT does proceed to do this in the best manner available, but the caution remains that (a) it is based
on a very limited dataset, and (b) the full knowledge of the nature of the overlying workings and subsequent
subsidence is based on estimates only (at least in the case of the Bulli Seam). Therefore the subsequent
predictions made (see Section 5) are appropriate, but must be applied with caution.

3) Section 4, p44 — The point that has already been made about the additional subsidence due to these effects | No response
being largely confined to within the current panel geometries is an important and positive one. However, the only | required
scenario where this may not be the case is where overlying standing pillars are destabilised, in which case the
49. DP&E additional subsidence effects due to such pillar failures may extend to the extent of the overlying pillar regions.
This point is made on p45 with respect to the region of Bulli Seam pillars in proximity to Wongawilli LW1. SCT
makes some specific recommendations with respect to the length of LW1 and the need to carefully manage this
situation. This opinion is strongly endorsed.

4) Section 4, p46 and following — The remainder of this section discusses specific subsidence parameters, effects | No response
50. DP&E and impacts — all of which are accepted as stated, based on the previous qualifications discussed above with | required
regard to the prediction methodologies.
5) Section 4, p48 and following — SCT confirms the adoption of a purely empirically-based subsidence prediction | No response
methodology, for all of the reasons already discussed. The more traditional analytical methods using Influence or | required
Profile Function methods, or the single seam empirical Incremental Profile methods are not considered

51. DP&E appropriate to this type of multi-seam subsidence behaviour. This conclusion is accepted as reasonable under

the circumstances of this project, albeit that the methodology adopted is in a very preliminary or prototype stage,

as discussed previously.

6) Section 4, p50 — In discussing strains and tilts, it is worth emphasising the point made by SCT that it is simply | No response
50 DP&E not possible to predict exact locations of maximum or peak strains, and hence potential crack locations, for | required

example. Regions where such strains might occur can be identified, but it is never going to be possible to predict
in advance the actual location of actual cracks in the rock mass.
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7) Section 4, pp50-52 — SCT discusses accuracy and sensitivity assessment for their prediction methodologies. | Subsidence
This leads to the statement discussed earlier, that “subsidence associated with multi-seam subsidence in this | discussion
area is essentially similar to the subsidence behaviour in a single seam”. Once again, although it is only | provided in
53, DP&E semantics, it is hard to see what is essentially similar about the behaviour predicted. SCT has just discussed | Appendix B
significant changes in behaviour due to changes in the overburden characteristics, rendering traditional prediction
relationships invalid. This statement is therefore not considered an appropriate description of a quite different
world of multi-seam subsidence behaviour, the understanding of which is still relatively embryonic. SCT’s own
excellent approach to understanding this is still only based on data from two current longwalls (LWs 4 and 5).
8) Section 4, p52 — SCT makes a very important and valid conclusion, having discussed the impact of softened | No response
overburden leading to a change in bridging characteristics and potential increased subsidence. It is noted that in | required
54 DP&E spite of this changed behaviour, all of the proposed panels within the PPR are of a reduced panel width such that
there remains a significant subsidence-limiting control factor present due to the panel widths, such that full
subsidence will not develop above these panels, compared to if they were wider, under the multi-seam
environment.
F. Section 5. Predicted Subsidence No response
55, DP&E 1) This section simply presents the factual predictions for the full range of scenarios and features present — based | required
on all of the assumptions already discussed. These predictions are all accepted at face value, together with the
various caveats already mentioned, especially with regard to confidence levels.
G. Section 6. Subsidence Impacts Subsidence
1) Section 5, p61-62 — This section returns to the issue of upland swamps and refers to the data contained within | discussion
the Appendix regarding past estimates, and future predicted subsidence effects. However it still does not address | provided in
any detail with respect to either previous impacts or future likely impacts (accepting that some of these issues fall | Appendix B
outside of the brief of SCT). The most relevant and pertinent statements made on these issues are:
o ‘It is unclear how sensitive swamps are to mining subsidence” Impacts on
o ‘“the swamps located having been previously subsided to levels that expected above future longwall | swamps are
56. DP&E panels” discussed in
o ‘the drop in piezometric pressure observed when some swamps are mined under may not have a | Appendix G

significant impact on their long term condition”
o ‘It is considered that more work is required to determine the relationship between mining subsidence
and the long term health of swamps”
Clearly there is a need for a more quantity relationships between the swamps and the impact factors — both
immediately, based on the known and estimated subsidence data reported here; and also through further work
in the future.
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H. Section 7. Management Strategies No response
57 DP&E 1) The recommended strategies discussed here are all considered of value and worth pursuing. These include | required

the adoption of a higher standard of survey monitoring, including the use of three dimensional GPS arrays, in

support of conventional survey data, and also high precision point to point measurement of valley closure.

2) The concept of an adaptive management strategy discussed earlier is not specifically referenced in this section, | Subsidence

but is an essential process that brings together the data from various sources of monitoring data and analysis, in | discussion
58, DP&E order to inform operational mine management and planning decisions. It is critical that an appropriate | provided in

management system is established to handle this in an effective manner, as previously discussed under | Appendix B

paragraph A (6) and elsewhere. This system needs to be developed well in advance, and clearly enunciated

including answers to the questions posed in A (6).

l. Section 8. Response to Submissions No response
59. DP&E 1) The issues raised in this section are all ones that have been discussed in earlier sections of the report, and as | required

such, do not warrant further review or comment.
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e  There is only very limited data available with respect to prediction of cracking above multiple mined coal | Addressed in
seams, leading to a calculation of height of desaturation, or depressurisation (H), as discussed by | previous items.
Tammetta.

. Mr Tammetta has done considerable work on this issue and has collated valuable data to enable
prediction of this parameter, H, though primarily from single seam sources.

. In the case of multiple mined (extracted) seams, the initial approach for calculation of H is to use an
accumulated seam thickness from the multiple seam thicknesses.

. It is agreed by all parties that if the height of desaturation intersects the surface, then there is a real risk
of water loss from any intersecting surface water flows.

. It is understood that Mr Tammetta’s original reported results which suggested an intersection with the

60. DP&E surface were based on using the sum of all three mined or proposed to be mined seams, i.e. Balgownie,
Bulli and Wongawilli. However, further analysis by Dr Mills suggests that in the area in question above
Wongawilli LW7, the Bulli Seam workings only consisted of development roadways, not extraction. As
such, it is considered inappropriate to include the thickness of the Bulli Seam workings in the calculation
for H. Without the Bulli Seam thickness, the calculated value of H using Tammetta’'s equations, does
not intersect the surface. Therefore based on the above interpretation, the risk of inter-connective
cracking is considered low in the vicinity of LW7 (or any other part of the proposed workings).

. It is agreed by all parties, however, that whilst the Tammetta approach and the database from which it
has been developed is the best available, it still lacks sufficient data and understanding with respect to
the effects of multi-seam workings on the height of desaturation, and hence cracking propagation and
continuity; and should therefore be backed up by further investigation in a multi-seam environment.

. All three parties to these discussions agree that it would be prudent with respect to the Gujarat planning; | No response
as well as invaluable for future industry understanding; for some instrumented boreholes to be installed | required
to measure the appropriate hydrological data in a multi-seam environment. It is agreed that an
instrumented borehole over the current Longwall 4 workings where all three seams have been mined

61. DP&E would be extremely beneficial. A further similar borehole ahead of the proposed longwall 7 workings

would also provide invaluable data on this subject. It is therefore recommended that both such holes be

requested as part of the planning and approval process. Furthermore, the data and interpreted results
from such boreholes should be reported to the Department and to the wider mining and technical
community.
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2 Impacts of Mining No response
2.1 Subsidence Predictions required
The PPR, in particular the Subsidence Assessment (Annexure B), provides an assessment of the estimated

62. DP&E subsidence that occurred as a result of previous mining in the Bulli and Balgownie Seams and the predicted

additional subsidence as a result of mining the Wongawilli Seam. It is not the purpose of this review to comment
on the subsidence methodology and assumptions. Accordingly, it is assumed that Annexure B provides
reasonable estimates of the magnitude and location of subsidence impacts.

The Bulli Seam was mined from the late nineteenth century through to the 1950’s using a variety of mining | No response
systems including mechanised pillar extraction in the later stages. The Balgownie Seam was mined as one of the | required

63. DP&E first longwall mining operations in Australia from 1970 through to 1982. Consequently, any gradual changes in
the vegetation within the headwater swamps as a result of increased drainage resulting from subsidence impacts
have had over 30 years to become apparent.

The PPR and Annexures contain various figures that separately show the location of the headwater No response
swamps and the estimated subsidence contours resulting from previous and proposed mining. required
However, none of the figures show all of the features of relevance together:

. Location of swamps and creeks;

. Land surface contours;

64. DP&E . Estimated subsidence.

In order to provide a basis to better understand the spatial relationship of these features, and the surface water
context surrounding the swamps, Gujarat NRE provided maps showing these features for historic and predicted
subsidence. Figure 2.1 and Figure 2.2 are reduced size copies of the original plans that were provide at A1 size
to assist with analysis. As shown on both these figures, the modified layout has all longwalls offset by a minimum
of 50 m from Cataract Creek and its third order tributaries. All other longwalls except LWs 4, 9, 10 and 11 run
under at least one first or second order watercourse.

For purposes of the EA and PPR all swamps mapped have been mapped on the basis of common features of | Biodiversity
the relevant vegetation community. This has led to the swamps having highly irregular shapes that do necessarily | discussion
reflect all the surface water factors that would influence the hydrologic behaviour of the swamps such as any | provided in
65. DP&E contributing up-slope catchment area and variations in soil characteristics and depth. The likely variation in soil | Appendix G
characteristics and depth within a single swamp (defined by the vegetation community), and the area and lateral
extent of some swamps implies that each vegetation community is capable of surviving in a variety of hydrologic
conditions.
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Table 2.1 summarises the subsidence data for swamps most likely to be affected by mining in the Wongawilli | No response
Seam (taken as maximum tensile strain > 1 mm/m). The data has largely been drawn from the table “Incremental | required
Subsidence for Proposed Mining in the Wongawilli Seam” in Appendix 1 of Annexure B to the PPR with the
exception of the following data taken from Table 15 in Annexure A to the PPR:

66. DP&E . ‘Maximum Subsidence within Swamp’ (Column 2);
. ‘Overburden Depth’ (Column 4);
. ‘Longwall Panel Width’ (Column 5); and
. ‘Ratio of Overburden Depth to Longwall Panel Width’ (Column 6).
In the process of compiling the data for Table 2.1, a number of differences were noted in the data drawn from the | Subsidence
two sources. In particular: discussion
. The values of ‘Adjacent Subsidence Used to Calculate Strains and Tilts’ (Column 3) in Table 15 of providec.i in
Annexure A are inconsistent with the equivalent values quoted in Appendix 1 of Annexure B. It is | APpendix B
67. DP&E . - .
assumed that this is a transcription error and that the values in Annexure B are correct.
. The ‘Overburden Depth’ quoted in Appendix 1 of Annexure B appear to be the overburden depth above

the Wongawilli Seam whereas the values in Table 15 of Annexure A represent the minimum overburden
depth above the Bulli Seam. The latter values have been adopted for Table 2.1.
Unfortunately, the data provided in the PPR and Annexures does not include mapping to show the location of | No response
maximum tensile stress. For subsequent assessment of the most likely location of any surface cracking (see | required
Section 4 below), it has been assumed that this would be most likely to occur in the region of maximum convex
curvature (as inferred from the subsidence contours).

68. DP&E
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2.2 Potential Subsidence Effects No response
The potential effects of subsidence on headwater swamps include: required
. Differential settlement leading to change in the bed level relative to any drainage outlet (if one exists),
and:
o Increased water storage capacity of the swamp if the subsidence occurs up-slope of any drainage
outlet;
69. DP&E o  Decreased water storage capacity if the subsidence occurs at the outlet;

Change in flow pathways through the swamp due to changes in ground level (tilt) (as assessed
by Biosis using ‘flow accumulation modelling’). The RTS (Section 3.1.3) acknowledges that this
analysis is primarily applicable to valley-fill swamps.)
Notwithstanding these possible effects, because the surface slope of the headwater swamps is of the order of
10% (10 m in 100 m), subsidence of the order of a few metres is unlikely to significantly impact on the water
storage characteristics or flow pathways of these swamps.

. Cracking due to tensile or compressive strains, or unconventional subsidence. The impact of any | NO response
cracking will depend significantly on nature of the cracking (depth and any sub-surface shearing) and | "equired
the location of any cracking with respect to the local topography:
o  Cracking towards the up-slope edge of the swamp has the potential to re-direct surface runoff
70. DP&E from the contributing catchment;
o  Cracking within the body of the swamp or towards the down-slope boundary has the potential to
drain any seasonal perched water table;
o  Cracking towards the sides of the swamp is unlikely to have a significant impact on any runoff
contribution from up-slope or the balance of incident rainfall and evapotranspiration loss that leads
to a seasonally varying perched water table.

Ref: 140620 Russell Vale UEP PPR Residual Matters Report HANSEN BAILEY



Russell Vale Colliery UEP

Residual Matters Report 20 June 2014
For Wollongong Coal Limited Appendix A
Ref Regulator Issue Where Addressed

In addition, as noted in the Bulli Seam Operations PAC Report (PAC, July 2010): No response

“Consequences of these impacts depend upon a wide variety of factors such as how much water is lost, over | required
what period, whether “self-healing” occurs and to what degree, and whether there are severe rainfall events or
fire events. Depending on these factors and their interactions, a swamp could show no evidence of change, or
be severely damaged over a relatively short space of time.”

71. DP&E It is recognised that subsidence prediction is an imprecise science, particularly in the case of multiseam mining.
In his review of the subsidence assessments in the PPR, Hebblewhite (November 2013), noted that:

“In discussing strains and tilts, it is worth emphasising the point made by SCT that it is simply not possible to
predict exact locations of maximum or peak strains, and hence potential crack locations, for example. Regions
where such strains might occur can be identified, but it is never going to be possible to predict in advance the
actual location of actual cracks in the rock mass.”

2.3 Connective Cracking Subsidence
The PPR (Section 2.2.9.3) acknowledges the additional possibility of connective cracking from surface to seam | discussion
but notes that this has not been observed over longwalls LW4 or LW5 and is considered extremely unlikely. provided in
In his review of the groundwater assessment for the project, Tammetta (20/12/2013), (page 11) notes: Appendix B
“The PPR states that swamps have undergone subsidence due to previous mining, and that despite this, they
are reported as thriving. The height of the collapsed zone from previous mining is calculated to not have reached
the surface tensile cracking zone, therefore permanent drainage from the swamp to a goaf is unlikely to have
occurred. If H intersects the ground surface, permanent drainage will occur. Where H does not reach to surface,
filling of only a finite surface storage (increased void ratio from surface tensile fracturing) occurs, frequently
resulting in temporary water loss.

Notwithstanding the possibility of connective cracking raised by Tammetta, Hebblewhite 18/12/2013) reports on | No response
joint discussions with Tammetta and Dr Mills (of SCT): required

“It is understood that Mr Tammetta’s original reported results which suggested an intersection with the surface
were based on using the sum of all three mined or proposed to be mined seams, i.e. Balgownie, Bulli and
Wongawilli. However, further analysis by Dr Mills suggests that in the area in question above Wongawilli LW?7,
the Bulli Seam workings only consisted of development roadways, not extraction. As such, it is considered
inappropriate to include the thickness of the Bulli Seam workings in the calculation for H. Without the Bulli Seam
thickness, the calculated value of H using Tammetta’s equations, does not intersect the surface. Therefore based
on the above interpretation, the risk of inter-connective cracking is considered low in the vicinity of LW7 (or any
other part of the proposed workings).”

72. DP&E

73. DP&E
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Connective cracking between the surface and the mine workings would provide a pathway for water to drain from | Groundwater
a creek or swamp. In both cases, it is possible that some reduction in water loss might occur over time as fine | discussion
sediments gradually fill the surface cracks. However the occurrence and effectiveness of any sealing will be highly | provided in
74. DP&E dependent on the size of the cracks in the sandstone and the availability of suitable sized soil particles to create | Appendix C
a full or partial seal. While the possibility of such self-sealing has been contemplated by others (e.g. the Bulli
Seam Operations PAC Report, quoted above), there does not appear to be any quantitative evidence of the
effectiveness of this mechanism.

Hydrology of Headwater Swamps No response
3.1 Upland Swamps required
Upland swamps are found on sandstone plateaux areas with rainfall in excess of about 1,200 mm. Any
consideration of potential impacts of subsidence on upland swamps needs to clearly distinguish between:

. Valley fill swamps located either side of drainage lines. These swamps have relatively shallow down
slope gradient dictated by the gradient of the drainage line and contain areas of open water. No valley
fill swamps are located in the vicinity of the proposed Wonga East mining operations. Because of their

75. DP&E topographic location, valley fill swamps are likely to receive some groundwater baseflow.

. Headwater swamps located on the hillside with typical gradient of the order of 10% in the Wonga East
area. Some, but not all, of these swamps drain via first order streams. Because of their topographic
position, headwater swamps are reliant on direct rainfall and any contribution of surface runoff from the
up-slope contributing catchment. Headwater swamps exhibit seasonally varying perched water tables
that are independent of the regional water table in the underlying Hawkesbury Sandstone. All swamps
in the vicinity of the proposed Wonga East mining operations are headwater swamps. These swamps
vary in area from 0.26 to 9.84 ha and typically extend between 100 and 430 m in the down slope direction.
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3.2 Published Assessments and Reviews No response

Because of the wide distribution of upland swamps on the Woronora plateaux and the potential required

impacts of underground mining, the hydrology of upland swamps has received considerable public
scrutiny, particularly in:

. Impacts of Underground Coal Mining on Natural Features in the Southern Coalfield: Strategic Review
(Department of Planning, July 2008);
. Bulli Seam Operations — PAC Report (Planning Assessment Commission, July 2010).
76. DP&E In addition, the Office of Water Science (Department of the Environment, Canberra) commissioned
. Peat Swamps — Ecological Monitoring
. Peat Swamps — Engineering Subsidence

These two reports are not yet in the public domain.

Impacts of Underground Coal Mining on Natural Features in the Southern Coalfield: Strategic Review quotes
various sources that indicate the dates of basal sediments vary between roughly 2,000 — 17,000 years. Fryirs et
al (2012) describe the upland swamps in the Blue Mountains as “accumulations of mineral sands and organic
pert that started forming around 13,000 years BP and have accumulated throughout the Holocene to today”.

As reported by Ross (2009), monitoring of headwater swamps in the Kangaloon area by SCA suggests the water | No response

77. DP&E table in the swamps is perched; the water table in the underlying sandstone is situated some 4 to 5 m below the | required
swamp(s). This finding is consistent with the location of headwater swamps away from the main drainage lines.
3.3 Swamps in the Wonga East Area No response

Annexure A to the PPR (NRE No. 1 Colliery — Underground Expansion Project: Preferred Project Report — | required
Biodiversity, Biosis, 2013) provides additional detail relating to a number of piezometers installed to measure the
78. DP&E perched water table levels in a number of the swamps located along the ridge that separates the catchments of
Cataract Creek and Cataract River. Figure 3.1 is a reproduction of the piezometer data depicted in Graph 2 of
the Biosis report (raw data provided by Gujarat NRE) together with daily rainfall data for the Bureau of
Meteorology site at Darkes Forest (Station No. 068024).
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For purposes of the analysis provided below, the rainfall data from Darkes Forest has been adopted for Figure | No response
3.1 because the data from the No 4 Site (collected by Gujarat NRE) has some missing data. As indicated on the | required
rainfall isohetal map of the area (Figure 4.4 in NRE No 1 Colliery Surface Water Modelling, WRM, 2012 which
forms an appendix to Annex O of the EA), the average annual rainfall at Darkes Forest is comparable to that of
79. DP&E the Wonga East project area.

Figure 3.2 shows the vertical profiles of the piezometers taken from Figure 11 of the Groundwater Assessment
(GeoTerra 2012). The figure shows that all piezometers were constructed to a depth below the interface between
the swamp material and the weathered sandstone. Table 3.1 summarises details of the piezometers extracted
from Table 3 of the Groundwater Assessment.

The assessment of the groundwater behaviour provided in the text by Biosis is limited to how rapidly the water | Groundwater
levels fall following significant rainfall. No assessment has been provided of the hydrologic processes associated | discussion

80. DP&E with the different behaviour. provided in
Appendix C

For purposes of further detailed analysis set out below, the slope of each hydrograph has been compared to the | No response
average seasonal point potential evapotranspiration rate that would occur if water supply to vegetation was not | required

81, DP&E limited (derived from the point spatial data on CD for Climate of Australia: Evapotranspiration, BoM 2003). The
analysis also assumes an effective porosity of 50% for the soils characterised in Table 3.1. While values that are
more precise could be adopted following field analysis, the assumed value provides a reasonable basis for an
indicative analysis.
The analysis indicates that the hydrographs fall into four categories: No response
1) Water level reduction that can be accounted for by evapotranspiration loss. This category includes piezometers | required
PCc5A and PCc5B, both of which are located in swamp CCUSS5 in which the water level was drawn down below

82, DP&E the interface between the swamp and the underlying weathered sandstone in January 2013. This swamp was

subject to an estimated 0.6 m maximum subsidence along its south-eastern edge as a result of mining of the Bulli
and Balgownie Seams (see Figure 2.1). While the estimated subsidence occurred to the southeast of the
locations of the piezometers, the hydrographs infer that water retention characteristics of CCUS5 have not been
affected by subsidence.
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2) Water level reduction that can be largely, but not fully, accounted for by evapotranspiration loss. This category | Groundwater
includes piezometers PCc4 and PCr1, located in swamps CCUS4 and CRUS1 respectively. Figure 2.1 shows | discussion
the cumulative subsidence as a result of mining of the Bulli and Balgownie Seams as 0.9 m and 0.6 m | provided in
respectively. The slope of the water level drawdown after rainfall cannot be fully explained by evapotranspiration. | Appendix C
In particular:

. The rapid fall in water level in PCc4 following rainfall in the middle of October 2012 which led to a rise of
about 0.4 m in PCc4 followed by a return to a ‘base’ level (assumed to be the interface between the
swamp and the underlying sandstone) within about 5 days;

83. DP&E . Similar rapid falls in the water level following the rainfall events in February to May 2013;

. In the case of PCr1, the water level shows relatively muted response to rainfall in the period up to the
end of July 2012. The hydrograph shows no response to the rainfall events in mid-September and mid-
October 2012, suggesting that the water level recorder malfunctioned.

. For the rainfall events between February and May 2013, the rate of the fall in the water level is
significantly greater than can be accounted for any evapotranspiration.
It is interesting to note that the recorded water level in PCc4 fell to a level of about 0.95 m below ground level in
the period between November 2012 and late January 2013. As this level is below the quoted depth of the base
of the piezometer, the accuracy of the level measurements is questionable.
3) Water level lowering that follows a characteristic gradual slowing in the rate that suggests drainage from a | Groundwater
swamp to a creek, which would help sustain baseflow. This behaviour is exhibited by piezometer PCc2 in swamp | discussion
CCUS2. This swamp, which is located in the vicinity of proposed longwalls LW2 and LW3, was subject to | provided in
estimated maximum subsidence of 1.1 m as a result of mining in the Bulli and Balgownie Seams. While the | Appendix C
hydrograph recession suggests drainage to a creek, the mapping (Figure 2.1) shows the nearest identified
drainage line starting about 150 m down-slope of the swamp.

84. DP&E
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4) Rapid water level lowering following rainfall, typically falling back to a ‘base’ level within 5 to 10 days of rainfall, | Groundwater
which suggests that water is being lost from the base of the swamp into the underlying sandstone. Piezometers | discussion
PCc3 and PCc6 (swamps CCUS3 and CCUSB) are examples of this behaviour. Both these swamps are located | provided in
over LW4 and LW5 and were subject to 1.0 m and 1.8 m maximum subsidence respectively, as a result of | Appendix C
previous mining (see Figure 2.1). LW4, which runs beneath CCUS6, was extracted between 19 April and 18
September 2012. Because the site of the piezometer is about 30% of the way along the longwall, the site of
piezometer itself is unlikely to have been undermined before the start of June 2012. The start of mining occurred
after the rise and rapid fall of water level following rainfall in February and early March 2012 (which led to
persistent elevated water levels at PCcs5A in Swamp CCUSS5). The fact that rapid water level lowering occurred
before the influence of subsidence from longwall LW4 infers that the rapid drawdown cannot be attributed to
mining of LW4. Notwithstanding the apparent rapid drainage of these ‘swamps’, the vegetation communities have
been classified as consistent with the vegetation communities that define an upland swamp:

. CCUS3 Banksia Thicket (MU42) and Sedgeland (MU44a);

. CCUSG6 Banksia Thicket (MU42).

It is interesting to note the fact that only one of the headwater swamps, out of six, exhibits behaviour consistent
with the hypothesised significant contribution to baseflow from upland swamps in general. This suggests that the

dominant contribution to baseflow may be valley-fill swamps rather than headwater swamps, not upland swamps
in general as is commonly supposed.

85. DP&E
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The Biosis report links the different behaviour of the perched groundwater systems to differences in the | Biodiversity
vegetation: discussion

“Groundwater data from piezometers located in upland swamps within the study area indicates that there are | provided in
varying degrees of contact with groundwater resources in these upland swamps. CCUS4 and CCUS5 show | Appendix G
significant groundwater contact for prolonged periods, CCUS2 shows some contact but recedes rapidly, while
CCUS3 and CCUSG6 show little groundwater recharge following rainfall. This corresponds with the vegetation
communities within these upland swamps, with CCUS4 and CCUSS5 supporting areas of MU43 Tea-tree Thicket
(both upland swamps) and MU44c Cyperoid Heath (CCUS4 only), which both rely on permanent to intermittent
waterlogging. In contrast, CCUS2, CCUS3 and CCUS6 support MU42 Banksia Thicket (CCUS3 and CCUS6) or
86. DP&E MU44a Sedgeland and MU44b Restioid Heath (CCUS2) which are less reliant on waterlogging.

CRUS1, which supports a mix of MU42 and MUA43, is an anomaly. This upland swamp has shallow soils and
areas of MU43 are likely to be located in areas of terracing, resulting in water accumulation in depressions in
bedrock.”

The conclusions with respect to the vegetation in CCUS3 and CCUS6 suggest that the episodic perched
groundwater conditions in these swamps pre-date the recent mining of longwalls LW4 and LW5. However, the
rapid draw down of the water level following rainfall suggests that water is being lost through the base of these
swamps, possibly as a result of cracking due to subsidence from previous mining activities. Given that the
previous mining occurred 30 years ago, it is possible that the existing vegetation has had time to adapt to any
change in swamp hydrology.

Biosis (Attachment A to the PPR) concludes that: Subsidence
“It is worth noting that all of the upland swamps listed above have been subject to significant tilts and strains from | discussion

past mining (see Table 13 and Table 14), substantially above what has been predicted by MSEC to result in | provided in
fracturing of bedrock in waterways (DoP 2010) and the criteria listed in OEH (2012) for assessing the risk of | Appendix B
negative environmental consequences to upland swamps. These levels of tilts and strains are likely to have
resulted in fracturing of the bedrock beneath these upland swamps from past mining. However, monitoring data | Biodiversity
is not available to confirm whether this has occurred.” discussion

Overall, it appears that the majority of the headwater swamps that have been subject to subsidence from previous | provided in
mining have maintained a perched groundwater system that does not show evidence that cracking may have | Appendix G
occurred. The exceptions are swamps CCUS3 and CCUSG6. Notwithstanding, it appears that the vegetation in
these swamps has similar characteristics to other swamps in the area. Therefore, any link between possible
cracking of the base of a swamp and change in vegetation remains an unanswered question.

87. DP&E
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In terms of subsidence impacts on swamps, Biosis acknowledges the lack of direct linkage between subsidence | No response
and hydrologic changes leading to changes in the vegetation community (Section 3.1.3 of the RTS): required
“Biosis does not assert that subsidence associated with longwall mining does not result in impacts to upland

88. DP&E swamps, or that changes in groundwater availability are not an impact to upland swamps. Rather, that the

maintenance and persistence of upland swamps is much more complex than has been recognised, and that
further research and assessment is required to understand the complex processes that maintain upland swamps,
particularly in relation to changes brought about by longwall mining.”

3.4 Groundwater Interactions Groundwater
The interaction between the perched groundwater in upland swamps and the deeper regional groundwater | discussion
system in the Hawkesbury Sandstone is not well understood. Golder Associates, (December, 2013) offer the | provided in
following comments (page 32): Appendix C
‘Water levels within these shallow perched ‘swamp’ systems are highly variable, subject to climatic and seasonal
variations in local rainfall amounts. Post-storm surface runoff into a swamp typically occurs via indistinct drainage
channels or flow paths to the swamp.

Water levels within these shallow swamp systems are entirely separate from the deeper, regional Hawkesbury
Sandstone water table.... However in some areas the swamp waters might be at least temporarily hydraulically
89. DP&E connected to the uppermost portions of the Hawkesbury Sandstone, where bedding discontinuities or low
permeability zones in the sandstone promote lateral flow into or out of a swamp after high rainfall periods.
Depending on the relative water levels established soon after rainfall events, ephemeral groundwater seepage
from the shallow sandstone might flow to the swamps, or conversely, swamp water might migrate into the
underlying shallow ephemeral sandstone aquifer (GeoTerra, 2012).”

Whilst hydraulic connection between a swamp and a temporarily elevated water table in the sandstone is
plausible, the overall contribution to the water balance of a swamp will be dependent on specific local topography
and geology. Also, it must be noted that, because of their position on the landscape, it is less likely that headwater
swamps would receive a significant contribution from the regional groundwater system compared to valley fill
swamps which are likely to receive some ‘baseflow’ in a similar manner to creeks.
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3.5 Monitoring and Management Groundwater

The monitoring undertaken for the piezometers discussed in Section 3.3 provides an excellent basis for achieving | monitoring
a better understanding of the hydrology of headwater swamps. Useful additional monitoring and analysis activities | measures
would include: discussed in

. Establishment of a recording meteorologic station within the Wonga East area to measure rainfall and Appendix C
potential evapotranspiration;

. Establishing piezometers at the upslope end and downslope end of a minimum of two swamps in order
to understand the down-slope movement of shallow groundwater;

90 DP&E . Adding two flow monitoring points to swamps in which pairs of piezometers (upslope and downslope)
' are to be installed:

. Monthly review of the water balance of each monitored swamp based on recorded rainfall, estimated
evapotranspiration and recorded water levels and outflow measurement.

. Characterisation of soils within the swamps to determine:

- the porosity - in order to provide a basis for relating piezometer water levels to rainfall and
evapotranspiration;

- the presence, or absence, of clay materials at the interface with the underlying sandstone which
could mitigate water loss from the swamp to the underlying sandstone in the event that
subsidence induced cracking of the sandstone occurred under a swamp.

4 Impact of Proposed Mining on Headwater Swamps No response
Figure 4.1 shows the location of headwater swamps with respect to the location of the proposed longwall mining | required

in the Wongawilli Seam.

4.1 Predicted Subsidence and Impacts

Table 4.1 summarises the predicted subsidence effects on swamps in the Wonga East project area subject to
more than 1 mm/m tensile stress from mining in the Wongawilli Seam (from Table 2.1), together with some of the

91. DP&E factors that influence the hydrologic characteristics including:
. Area of the swamp itself;
. Effective contributing catchment area, after accounting for any up-slope swamps;
. Downslope distance from the nearest ridge;
. The down-slope gradient of the swamp; and
. The presence of a defined drainage outlet.
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Table 4.2 (data from Annexure Q of the EA) summarises the various upland swamp vegetation communities and | Biodiversity
their reliance on waterlogging. The table shows that a number of the communities, while classified as ‘swamps’ | discussion
in terms of the vegetation, have vegetation that is less reliant on waterlogging than others. This classification from | provided in

92. DP&E a vegetation community perspective, together with the recorded behaviour of the piezometers in swamps CCUS3 | Appendix G
and CCUSBG, suggests that some vegetation communities may lack the characteristics that would classify them
as swamps from a hydrologic perspective.
The previous analysis of potential subsidence risks to swamps undertaken by Biosis and documented in Annex | Biodiversity
Q of the EA has been updated to account for the modified mine plan described in the PPR. The revised analysis | discussion
identified two swamps in the Wonga East area (BCUS4 and CCUS4) as being at ‘moderate’ risk. Biosis conclude: | provided in
03, DP&E . “The revision of the mine plan has resulted in a reduction in risk for several upland swamps, including | APpendix G
CRUS2, CRUS3 and CCUS5, and will result in low risk of impact for all upland swamps except BCUS4
and CCUS4.”
. “The revised mine plan and revised subsidence predictions have resulted in an increase in risk to one

upland swamp, CCUS4.”
For purposes of this review, a further assessment of the hydrologic risks to the swamps in the Wonga East area | No response
has been undertaken considering the topographic and hydrologic features of the swamps set out in Table 4.1. | required
As noted in Section 2, the PPR and Annexure B do not include mapping to show the location of maximum tensile
stress. It has therefore been assumed that the most likely location for any surface cracking would be in the area
94. DP&E of maximum convex curvature (as inferred from the subsidence contours).
Table A1 in Appendix A provides details of this assessment including the risk of subsidence induced cracking
and the most likely location of impacts, taking account of the topographic position of the swamp. Table 4.3
provides a summary of those assessments, together with the risk as assessed by Biosis (based on subsidence
impacts occurring anywhere within the swamp).
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The analysis summarised in Table 4.3 indicates that, notwithstanding the additional features of the individual | Subsidence

swamps included in the assessment, the majority of the swamps have a low risk of cracking that would affect the | discussion

swamp itself or intercept runoff from the contributing catchment. (In this regard, it is acknowledged that the relative | provided in

contribution of surface runoff or shallow subsurface runoff — at the interface between the soil and underlying | Appendix B

weathered rock — is not understood in the context of the overall water balance of a swamp.). Two swamps that

9. DP&E show up as having some risk (using either method of analysis) are: Biodiversity

. BCUS4 which is located over the footprint of longwall LW10. The Biosis analysis provides a risk rating | discussion
of ‘moderate’ whereas the separate analysis for this review rates it as ‘minor’. The difference is not just provided in
one of semantics. The ‘minor’ rating was assessed on the basis that convex curvature would, occur | ApPpendix G
through the middle of the swamp.

. CCUS4 which is located over the footprint of LW6. The ‘minor’ rating was assessed on the basis that, | Subsidence
while the main body of the swamp would be subject to subsidence, the greatest convex curvature would | discussion
occur along the up-slope edge. While this might alter the contribution of up-slope runoff, the majority of | Provided in
the swamp is unlikely to be affected. Appendix B

96. DP&E
Biodiversity
discussion
provided in
Appendix G

In addition, the assessment carried out for this review indicates there could also be a ‘minor’ risk to swamp | Subsidence

CCUS10 located above the footprint of longwall LW10. The ‘minor’ assessment for this swamp was assessed on | discussion

the basis that the greatest convex curvature would occur along the up-slope edge, affecting the contribution of | provided in

up-slope runoff. Appendix B

97. DP&E
Biodiversity
discussion
provided in
Appendix G
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4.2 Management, Monitoring and Mitigation No response
The EA (pages 385-386) identifies a range of possible mitigation techniques: required
. Use of coir logs to control erosion. This is only applicable where there is a distinct flow path through the
swamp and relates to conditions in valley fill swamps rather than headwater swamps.
. Water spreading to redirect flow. This is also only applicable to valley fill swamps where there is a distinct
flow path.
98. DP&E . Sealing of observed surface cracks. Because this required cracks to be identified, it is only applicable to

the margins of swamps, not the main body of the swamp.

. Injection grouting to seal cracks in the sub-surface rock. While technically possible, this option relies on
the precise location and extent of any crack to be identified and is of no practical value where a crack
occurs in the body of a headwater swamp.

It can be seen that none of these techniques are applicable to remediating the effects of cracking of the rock
underlying a headwater swamp.
The RTS (page 284) acknowledges that it is not feasible to remediate bedrock fractures and changes in | No response
groundwater availability in upland swamps because the impacts from the remediation works would likely be far | required
greater than the degree of benefit. Accordingly, in this instance, the primary management mechanism is to design
a mine plan that minimises potential subsidence impacts. However, ongoing monitoring of groundwater levels at
key locations in potentially affected swamps should continue in order to provide further evidence of any impacts
and provide an opportunity to regularly reassess the mine plan in terms of stopping longwalls short of the current
layout.
The Subsidence Assessment notes that
“It is considered that more work is required to determine the relationship between mining subsidence and the
long term health of swamps. The extended baseline of subsidence impacts over 60-100 years in the Bulli Seam
and 30-40 years in the Balgownie Seam provides a rare opportunity to study these effects. The changes that are
expected from proposed mining are nominally sufficient to cause significant impacts to the rock strata and to
surface and near surface water flows in the areas directly mined under, so it would be helpful to study how and if
the wide range of swamps present above the site are significantly impacted by further mining.”

99. DP&E
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In this regard, the RTS notes that: Section 2.1.2

“NRE are currently re-designing the monitoring plan to integrate surface water, groundwater and ecological
monitoring programs to ensure a comprehensive assessment of the ecosystem function of upland swamps within
the study area.”

A key element of this monitoring should be the expansion of the existing network of shallow swamp piezometers,
and regular review (say monthly) to assess any abnormal behaviour that cannot be attributed to
evapotranspiration or drainage to a watercourse.

A further relevant undertaking is provided in the PPR (page 198):

“Due to the disagreement over the potential impacts of subsidence with regard to subsurface water flow and
stream networks that is currently prevalent in the scientific and regulatory community, primarily due to inadequate
data on both sides of the argument, a network monitoring methodology is being designed, based around CCUS4
and possibly CCUSS5, to capture the total water balance of representative sections of surface waterways in order
to determine the effects and impacts of subsidence on stream networks from Upland Swamps to Reservoir. This
approach will be designed with input from specialists and agencies to ensure the monitoring is reasonable,
effective and scientifically robust.”

Overall, the proposed monitoring is likely to significantly enhance the body of knowledge relating to the hydrology
of headwater swamps, their role in sustaining different vegetation communities and their role in providing baseflow
to the creek system.

5 Potential Mine Impacts on Creeks No response
5.1 Geological Setting required
The potential effects of subsidence on streamflow and pools are heavily influenced by the geology of the creek
bed. The Subsidence Assessment (Attachment B to the PPR) makes the following general points in relation to
the geology of Cataract Creek and its tributaries:

100. DP&E

101. DP&E . Almost all the second order and higher sections of Cataract Creek that are likely to be influenced by
mining flow within Bald Hill Claystone outcrop. However, despite Longwall 11 in the Balgownie Seam
causing the creek bed to subside 1.4 m, there have not been any significant long-term effects on the bed
of the creek or the character of the creek.

. Where valley closure is less than 200 mm, experience in Hawkesbury Sandstone channels elsewhere
indicates that there has been not been total loss of surface flow.
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5.2 Extent and Magnitude of Subsidence No response
The Subsidence Assessment includes an analysis of the changes in the profile of Cataract Creek as a result of | required
102. DP&E predicted subsidence. Figure 5.1 below reproduces part of Figure 25 from the subsidence assessment which

shows the profile of the Southern Tributary, which crosses LW1 — LW3 and joins the main creek about 350 m
downstream of LW3 as shown on Figure 5.2.
The profile in Figure 5.1 shows the following features of note: No response

. Significant vertical subsidence in the reach between Chainage 100 m and 500 m, corresponding to | "éduired
longwalls LW1 and LW2. Although not quoted in the Subsidence Assessment, it appears that maximum
subsidence of up to 1.8 m may occur in this area and that the sharp end to the subsidence zone could
lead to ponding in this area;

. Minor vertical subsidence is predicted upstream of about Chainage 1,650 m, which corresponds to the
103. DP&E alignment of the south-east corner of longwall LW6. The maximum magnitude of the predicted
subsidence appears to be about 0.5 m and to lead to a relatively sharp downstream ‘lip’ that could lead
to minor additional ponding;

. A reach between about Chainage 1,880 m and 2,100 m in which up to 1.2 m vertical subsidence is
predicted. These chainages align with the north-eastern end of longwall LW?7.
. A reach between about Chainage 2,100 m and 2,370 m where up to 0.5 m vertical subsidence is
predicted.
The Subsidence Assessment also notes other subsidence effects on creeks that are not shown on Figure 5.1: No response
104. DP&E . Vertical subsidence is predicted to mainly influence second order creeks above longwalls LW1 to LW3; | required
. Up to 2.6 m of vertical subsidence may occur below these second order creeks above longwall LW 1.
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105.

DP&E

5.3 Connective Cracking

The main potential for connective cracking appears to be at the northern corner of Longwall 7 which has been
relocated as part of the revised project described in the PPR. This relocation has moved the northern corner of
the longwall in a south-easterly direction by about 45 m. However the horizontal distance from the vertical
projection of the longwall to Cataract Creek remains about 45 m.

In this regard, Tammetta (December 2013) notes that:

‘Despite the absence of existing full extraction workings over a small strip of about 50m width, there may still be
a risk to the capacity of the channel of Cataract Creek to transmit surface water. There may also still be a risk of
direct hydraulic connection between the creek channel and goaf, through the collapsed zone, where the channel
comes to close to the panel edge. The significance of these risks cannot be quantified, but warrants
consideration.’

Whilst there remains some uncertainty regarding the potential for connective cracking, as noted in Section 2.3,
the report by Hebblewhite (18/12/2013) on joint discussions with Tammetta and Dr Mills (of SCT) concludes:
“Therefore based on the above interpretation, the risk of inter-connective cracking is considered low in the vicinity
of LW7 (or any other part of the proposed workings).”

In addition, it should be noted that the creek bed in this vicinity is predominantly on rock and, therefore, the chance
of any cracking being identified and repaired would be greater than if cracking occurred in a section of alluvial
creek bed.

Height of
depressurisation is
discussed in
Appendix C

106.

DP&E

5.4 Impacts on the Flow in Creeks
Key aspects of the potential impacts on ponding and flow identified in the Subsidence Assessment include:

. Although there is potential for water to pool in second order creeks above LW1 — LW3, valley closure
effects are expected to increase the potential for sub-surface flow. Accordingly pooling may only be short
lived during periods of heavy rain.

. Valley closure is expected to cause perceptible cracking and surface flow diversion in the upper reaches
of the southern branch of Cataract Creek, particularly where it flows across Hawkesbury Sandstone
outcrop above LW1 leading to some loss of surface water and iron staining.

. Further downstream where the bed of the stream is located mainly in Bald Hill Claystone, low levels of
perceptible impact are expected. Iron staining and flow diversion into the surface strata are not expected.

Impacts on stream
flow due to
cracking are
discussed in
Appendix E and
Appendix F
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Section 2.2.9.3 of the PPR also notes that: Groundwater
“Subsidence impacts on Upland Swamps and 1st and 2nd order tributaries are anticipated to have localised | discussion is
effects on the affected tributary stream flow and longevity and increased Fe, reduced DO, increased salinity and | provided in
potentially increased metal concentrations in the downstream re-emergence and discharge zone.” Appendix C. This
In addition, the PPR (Section 2.2.9.3) notes that the main effect on overall stream discharge into Cataract | includes an
Reservoir is expected to be attributable to any regional groundwater depressurisation effects. These effects have | assessment of the
yet to be quantified on the basis of the remodelling of catchment groundwater impacts which is underway (as at | effects of
December 2013). Some indication of the potential impacts of baseflow reduction as a result of regional | groundwater
groundwater depressurisation effect can be gained from the initial analysis in the Groundwater Assessment for | depressurisation
the EA (data reproduced below). on baseflow.

107. DP&E The data in Table 5.1 indicates that, in the main, Cataract Creek is a ‘gaining’ stream but there is a small section
which is a ‘losing’ stream. However, no details are provided to indicate where the gaining and losing sections are | Impacts on
located. streams are
In order to provide a basis for the assessment of potential impacts on stream ecology, the updated surface water | discussed in
modelling should assess the predicted loss of groundwater derived baseflow in the context of flow duration | Appendix F. This
characteristics, not just average flow. The analysis should include a ‘worst case’ sensitivity assessment that | assesses the
considers the possibility of both shallow bedrock cracking (leading to loss of water in pools, but possible return | potential impacts
flow downstream) as well as connective cracking to the mine workings. In both cases it would be useful to consider | of cracking on
situations in which no repair work was undertaken and if repairs were undertaken in a similar manner to repairs | stream flows.
undertaken on other creeks in the Southern Highlands. A flow duration graph showing existing and predicted flow
characteristics would be desirable.
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5.5 Water Quality Impacts Water monitoring

Sections 10.5.3 and 10.5.4 of the Stream Assessment provide an overview of the water quality monitoring | is discussed in
program including locations and periods over which monitoring has occurred. The monitoring program includes: | Appendix E

. Bi-monthly monitoring of four sites on Cataract Creek upstream of Mount Ousley Road and one
immediately downstream since August 2008;

. Bi-monthly monitoring of one site within Cataract Reservoir since August 2008;

. Progressive expansion of the monitoring on Cataract Creek to include an additional six sites on Cataract

Creek and one of its tributaries since July 2010;

. Commencement of monitoring outflow from three swamps and one piezometer since March 2012.
The Stream Assessment provides graphs of the longitudinal profiles of median values of pH, conductivity, iron

(total and filtered) and manganese (total and filtered) as well as graphs of the variability of pH and conductivity
108. DP&E over time.

. pH shows a slight increasing trend from a median of about 5.6 at the upstream monitoring point to 6.3
upstream of Cataract Reservoir;

. Conductivity declines from a median of about 145 pS/cm at the upstream monitoring point to about
120 pS/cm just upstream of Cataract Reservoir;

The assessment of overall water quality is summarised in the following quotations:

“In general, enhanced rainfall in the catchment has the effect of reducing salinity, marginally raising pH, increasing

dissolved oxygen, diluting ferruginous discolouring (or deposition), diluting major metals and generally increasing

nutrients, with the degree of change relating to the degree and duration of rainfall runoff dilution in the stream.”

“Hydrous ferruginous seeps are relatively common in Cataract Creek, although their exact inflow location has not

yet been identified as ferruginous precipitation is relatively ubiquitous in the creek both upstream and downstream

of the freeway.
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5.6 Monitoring and Management Water monitoring

5.6.1 Monitoring is discussed in

The Stream Assessment (GeoTerra, 2012 — Annex O to the EA) describes the stream monitoring program | Appendix E
together with proposed additional monitoring. Tables 16 and 17 in the Stream Assessment list the locations of
the various monitoring locations but does not specify the precise monitoring activities at each site. Table 5.2 is
an attempt to consolidate the range of surface water monitoring activities based on the text and graphs in the
Stream Assessment. The term ‘observed flow' in the table is used to designate locations where visual
observations of streamflow are made at the time of other monitoring, principally collection of water quality
samples.

The table shows that Gujarat NRE has established a reasonably comprehensive set of monitoring sites in the
Wonga East area. Notwithstanding, in response to one of the submissions regarding water quality monitoring,
the RTS (page 315) commits as follows:

“The spatial and temporal distribution of water quality monitoring of streams within the project area will be detailed,
including the analytes monitored and tables showing key statistics and justification of proposed triggers when the
remodelling is complete.”

A further relevant undertaking is provided in the PPR (page 197):

“LWS5 is currently mining beneath the Cataract Creek tributary CT1. NRE will continue to monitor CT1 tributary
flow, water levels and water chemistry as LW5 passes beneath the tributary to clearly identify impacts that mine
subsidence may have. There may be some effects on surface flow volumes but little impact on discharge into
Cataract Creek. NRE is in the process of establishing monitoring points close to the mouth of CT1 and other
tributaries along Cataract Creek to improve its understanding of the effects of mining on tributary discharge
volumes.”

In addition, the RTS (page 314) notes that the available stream level data (sites CC2, CC3, CC6, CC7, CC8 in
Cataract Creek and the SCA site in Cataract River) will be used to back calculate streamflow as part of the
remodelling of the surface water impacts from the Preferred Project in order to assess the degree of flow loss /
gains in the streams.

109. DP&E
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5.6.2 Management Subsidence

In relation to monitoring of subsidence impacts on creeks, the Subsidence Assessment (page 59/60) proposes: | discussion
“A management strategy based on closure monitoring and cessation of mining if there is a likelihood of significant | provided in
perceptible impacts becoming apparent is considered to be an effective method of managing the potential for | Appendix B
subsidence impacts on Cataract Creek.”
More generally, the PPR (page 198) states: Water monitoring
“Monitoring and management are not intended to vary significantly but will be reviewed on the basis of the revised | is discussed in
surface water model and assessment outcomes during the approvals process. A stream network monitoring | Appendix E
program is being developed around CCUS4 and possibly CCUSS5 and the Cataract Creek tributaries they feed to
determine the actual impacts on surface and near surface water balances within a defined catchment area.”

As noted in the Review of Surface Water Issues (Evans & Peck, June 2013), baseline water quality data has
been collected for range of relevant analytes. This data should provide an appropriate basis for establishing
baseline water quality for purposes of identifying any water quality impacts as a result of mining. Further analysis
of the water quality statistics should also be provided along with justification for any proposed water quality ‘trigger’
levels that differ from the default values in the ANZECC Guidelines. Provided an appropriate range of analytes
has been monitored for sufficient length of time (monthly over 2 years minimum recommended in ANZECC) any
proposal to establish locally specific water quality ‘trigger’ levels (for further investigation) would be consistent
with the principles set out in the ANZECC Guidelines.

110. DP&E
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6 Pit Top Water Management Section 2.1.3
6.1 Russell Vale
The PPR includes all the surface facility upgrades described in the EA including the following relating to surface | Flood Study will be
water management: provided
Stormwater Management: separately
. Improved separation and control of conveyance of water from the different catchments;
. Upgrading of about 560 m of the Southern Stormwater Channel to ensure separation of ‘clean’ water
from the site and up-slope from ‘dirty’ stormwater from the coal stockpile area;
. Construction of a stormwater energy dissipater and settlement area with a low flow outflow pit to control
discharge from the Southern Stormwater Channel into Bellambi Gully;
. Construction of a dry sediment basin to provide pre-treatment of stormwater from the coal stockpile area
before it drains to the existing settling ponds;
. Cleaning out and reconfiguration of the existing settling ponds into a single pond.
Flooding and Channel Stability
111. DP&E . Channel protection works including Reno mattresses and gabion basket drop structure at various

locations on major conveyance channels (as set out in Annexure B to the EA, Water Management);

. Improvement works to the ‘M3 Culvert’ (to prevent the recurrence of the flooding event of August 1998).
Options include:
- Increasing the capacity of the pipe culvert and provision of an overland flow path that would convey
water back to Bellambi Creek Gully;
- Increase the capacity of the culvert to sufficient capacity to ensure that it does not become fully
blocked and has a freeboard of 500 mm above the 100 year ARI flow conditions.
Subject to clarification or a range of issues identified in Section 4.1.2 of the Review of Surface Water Issues
(Evans & Peck, June 2013), these proposed upgrades can be expected to significantly improve on site water
management and provide appropriate mitigation against a recurrence of the August 1998 flood event.
Currently stormwater and treated mine water are both discharged to Bellambi Gully. This results in an un-naturally
persistent flow regime in the gully and elevated salinity levels compared to what could be expected in a natural
creek. Although not documented, the flow and water quality have probably contributed (along with urban runoff)
to a severely degraded creek. No consideration has been given to the feasibility or benefit of alternative means
of conveyance of the treated mine water (such as via a pipeline)
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The main issue arising from the PPR is the proposed staging of the site rehabilitation works including those to | Flood Study will be
address stormwater management and flooding issues. Table 6 of the PPR (copy included as Table 6.1 below) | provided

indicates that highest priority for construction is proposed for facilities concerned with the transport of coal (2.5 | separately

112. DP&E years), with works associated with water management taking a further year. Some of the works related to
stormwater quality control and flooding are considered to warrant higher priority, particularly:

. Improvement works to the ‘M3 Culvert’;
. Cleaning out and reconfiguration of the existing settling ponds into a single pond.
6.2 Mine Groundwater Inflow and Site Water Balance Groundwater

Estimates of the groundwater inflow to the workings have been updated for the PPR to reflect the reduced scope | discussion is
of mining. Data presented in the PPR shows that the average inflow to the workings for 2011 and 2012 was about | provided in
460 ML/year. Figure 6.1 shows that the inflow associated with extraction from Longwalls 4 and 5 (from early | Appendix C.

113. DP&E 2012) was significantly higher than had been previously experienced at the mine.
Estimates of future inflows are to be prepared once further groundwater modelling has been undertaken. At that
stage it would be appropriate for the site water balance to be re-visited and a range of issues identified in the
Review of Surface Water Issues.
6.3 No 4 Shaft No response
The Review of Surface Water Issues questioned some aspects of the effluent irrigation system at the No 4 Shaft | required
114. DP&E site. On the basis that, as part of the activities to be undertaken to implement the mining described in the PPR,

the number of employees would remain about the same as currently (13), it is accepted that the effluent disposal
system has adequate capacity.
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7 Commitments and Conditions of Approval No response

Is Section 4 of the PPR, the Proponent seeks to remove all commitments set out in Table 29.1 of the EA and | required
proposes requests the Department to consider the a range of conditions, if considered necessary, to ensure that
specific environmental outcomes are met. The proposed conditions include the following of relevance to matters
considered in this review.

1. A general condition in any approval requiring:

. NRE to comply with all relevant legislation related to its operational environmental impacts.
2. Specific conditions for the Pit Top areas requiring the preparation of arrange of plans including:
. Construction Management Plan/s;
. Surface Facilities Water Management Plan.
3. Specific conditions for Mine Subsidence areas requiring the preparation of an:
115. DP&E . Extraction Plan.

Presumably, any Extraction Plan would include a whole series of sub-plans including:

. A Subsidence Management Plan that included specific proposal regarding cessation of mining in the
event of certain subsidence criteria being exceeded (such as valley closure of more than 200 mm).

. A Creek Monitoring and Management Plan (including pool levels, flow and water quality) as well as
criteria for undertaking remediation of any excessive cracking in the creeks;

. A Swamp Management Plan that included:
- acomprehensive program of water level and outflow monitoring;
- on-site climate monitoring to enable water balance analysis to be undertaken for individual swaps;
- soils investigations to define the water holding characteristics of the soils within the swamps for
purposes of relating the observed water levels to a depth of water and assessing the likelihood of
‘self-sealing’.
Refinement of numerical model Groundwater
Numerical computer modelling was undertaken as part of the Environmental Assessment for the original | discussion is
application. That modelling was used to predict the impacts of the originally proposed configuration for both the | provided in
NSW Office of | Wonga East and Wonga West workings. Given the modifications identified within the Preferred Project Report, | Appendix C
Water (NOW) | refinement of the model and generation of new impact predictions based on the current layout is warranted. The
proponent has identified that a new groundwater model will be developed to allow the prediction of impacts based
on the new mining plans, however the process is indicated as taking up to 3 months (page 128). This prevents
the Office of Water from being able to adequately assess the likely impacts of the proposed mining operation.

116.
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Authorisation of groundwater take Groundwater

The PPR indicates that preliminary estimates of mine water make (in lieu of the results of the revised modelling) | discussion

indicates volumetric inflows of 840 ML per year could be expected (page 131). The Office of Water previously | provided in
advised that the proponent is authorised to extract a volume of 365 ML/y under an existing licence. The PPR | Appendix C
does not elaborate on the licensing requirements identified in previous agency correspondence, nor does it
provide even preliminary advice on the possibility of the proponent obtaining the necessary entitlement for the
current or potential future applications. This is despite the Office of Water specifically requiring the proponent to
demonstrate an ability to obtain the required entitiement in previous correspondence.

Changes to Panel Dimensions Subsidence
Itis noted that the changes to longwall dimensions (page 20) have resulted in reductions in Maingate pillar widths | discussion

in some locations (from 60 m to 45 m for LW 6, 7, 9 and 10), and widened longwall panels in other places (from | provided in

105 to between 125 and 150 m for LW 1, 2 and 3). Whilst the reduced length of the panels is likely to constrain | Appendix B
the associated subsidence trough longitudinally, the lateral ground surface settlement effects of multiple parallel
longwalls is cumulative and can be substantial. Mining engineering theory suggests that the height of ground
displacement is related to the width of the extracted panel, therefore the widening of individual longwalls could
result in disturbance of strata at levels closer to the ground surface.

118. NOW Similarly, the height of complete groundwater drainage above the caved zone of mined longwall is related to
panel width. As well, a reduction in pillar size is likely to change the tensional and compressional forces around
and above each support, thereby potentially changing the bedding plane separation behaviour and extent within
overlying strata. Whilst the PPR suggests that the “longwall dimensions are approximately 25% smaller in Wonga
East than the original proposal”, there is no recognition of the potential changes to engineering behaviour within
overlying strata as a result of panel widening. In addition, the repositioning of the proposed longwalls could
significantly alter stress and strain dynamics within the overlying strata depending on the final panel orientation
in relation to the maximum stress direction. Therefore, despite the reduction in overall area of extraction, the
localised impacts could be significantly exacerbated due to the changed widths and orientations.

117. NOW
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Volumes of water from affected sources Groundwater
The Office of Water previously advised that additional assessment was necessary to identify the “potential for the | discussion
proposed mining to induce connections to the surface water systems”, with particular reference to upland | provided in
swamps, local creeks and Cataract Dam. The PPR has identified that it would be possible to determine the | Appendix C. This
potential leakage from Cataract reservoir using a probabilistic assessment of a transiently calibrated model (page | includes a
119. NOW 129). It has also been identified that such a simulation would require weeks of computer run time for each | probabilistic
individual stag and months for multiple stages, therefore it was not proposed for the initial modelling study but | analysis using 30
“could be done at a later stage, if considered necessary”. In order for the proponent to meet the requirements of | model runs. The
the Office of Water, as well as those of the NSW Aquifer Interference Policy, this modelling is considered | requirements of
necessary and its commencement should not be deferred until some undefined ‘later stage’. the AIP have been
addressed.
Comments/options Groundwater
The application for consent to undertake longwall mining in the Wonga East area could be supported in the | discussion
absence of the results of new numerical modelling, provided any recommended conditions stringently bind the | provided in
120, NOW proponent to the required actions as well as applying specific time frames and deadlines. Appendix C
In regard to predicted impacts, detailed assessment of the model conceptualisation, structure and adequacy
should be undertaken by the Office of Water once the revised modelling has been provided by the proponent.
Notwithstanding, the reduced area of mining identified within the PPR, there remains a need for the proponent to
meet the requirements of the NSW Aquifer Interference Policy.
Recommendations Groundwater
1. The proponent commit to the further development of a numerical groundwater flow model designed to | discussion
meet the modelling requirements specified in the AIP provided in
2. The proponent commit to acquiring sufficient entitlement to account for the volume of estimated water | Appendix C
121, NOW take from all affected water sources.
3. Conditions of consent should be stringently binding on the proponent to meet necessary tasks and
deadlines, and incorporate provisions for future changes once the revised modelling has been
completed
4. The proponent should address the potential impacts of the proposed widening of the longwall panels
5. The proponent be required to determine the potential leakage from Cataract Reservoir.
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Council notes that Gujarat NRE Coking Coal Ltd through the Preferred Project Report process has significantly | Response not
Wollongong modified the original proposal, in response to issues raised by government agencies, Council and public | required
122, Gity Council submissions. The main changes in the revised proposal include removing the originally proposed Wonga West
(WCC) longwalls and restricting longwall extraction to the Wonga East area only with a corresponding lesser total
resource yield of 4.7 million tonnes of coal, instead of the originally proposed yield of 31.1 million tonnes. In light
of these changes, the revised project life for the mine is also reduced from 18 years to 5 years.
Council requests that the attached submission be taken into consideration during the Department's assessment | Section 2.3.1
of the Preferred Project Report. In this regard, the removal of the Wonga West longwalls as per this revised
proposal has resolved a number of issues previously identified by Council in its submission at the time of the | Noise Impact
original Environmental Assessment review. Assessment to be
123. WCC However, several issues remain unresolved, including the necessary construction of three (3) acoustic barriers, | provided
in order to protect surrounding residential areas from noise emanating from the mine's pit top operations. separately
Additionally, the proposed Wonga East longwall panels A2 LW6 and A2 LW?7 still sit beneath three (3) 'special
significance' swamps and hence, it is recommended that these longwalls either be deleted, reorientated or
shortened in length, in order to protect these swamps from subsidence related impacts.
The longwall panel A2 LW7 is recommended to either be deleted, reorientated or shortened in length to minimise | Subsidence
124, WGCC any potential subsidence related impacts upon the 'special significance' upland swamp CCUSS5. discussion
provided in
Appendix B
The longwall panel A2 LW6 is recommended to either be deleted, reorientated or shortened in length to minimise | Subsidence
125. WCC any potential subsidence related impacts upon the 'special significance' swamps CCUS4 and CRUS1. discussion
provided in
Appendix B
. . . . o Subsidence
The longwall panel A2 LW7 is recommended to either be deleted, reorientated or shortened in length to minimise discussion
126. WCC any potential s.ubsidence relate.d impacts upon the 'special significance' upland swamp CCUSS and to further provided in
protect the habitat of the Stuttering Barred Frog. Appendix B
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The original Noise Assessment report by ERM dated 30 November 2012 involved detailed acoustic modelling | Section 2.3.1
which was based on certain noise attenuation/mitigation measures being provided on-site, including
(iv) A 3 metre high acoustic barrier to the south of Broker Street; Noise Impact
(v) A 3.6 metre high roadside type barrier to the north of the internal access road from the weighbridge to the | Assessment to be
Princes Highway; and provided
(vi) Noise mitigation of certain equipment such as mine ventilation fans and dozers. separately
127, WGCC Therefore, concern is raised about potential noise impacts upon surrounding residential areas from pit top
activities, if the noise barriers are not installed.
Further, the recent noise audit report (ie referred to in the Preferred Project Report) does not properly consider
how certain weather conditions (ie wind speed and direction, cloud cover etc) influence noise emanating from the
pit top activities.
Therefore, Council reiterates its original EA comments that the three (3) acoustic barriers are necessary and
should be subject to appropriate conditions of consent, in the event that the Department ultimately approves the
revised proposal.
The Preferred Project Report fails to provide conclusive advice as to what noise mitigation measures will be | Section 2.3.1
introduced in order to address potential noise impacts from the Pit Top area activities, especially truck loading
128, WGCC activities and dozers working upon the stockpile areas. Noise Impact
Noise impacts along Bellambi Lane also remain unresolved. Therefore, Council requests that the NSW | Assessment to be
Department of Planning and Infrastructure guarantee that appropriate noise mitigation measures are | provided
implemented as part of any such Part 3A approval. separately
The construction of the new screening and sizing station should be a condition of consent if the application is | Section 2.3.2
129. WCC ultimately approved. Appropriate conditions of consent should also be required which satisfactorily address the
air quality (PM10 particulate and total suspended particulate) issues.
Council requests that traffic modelling be required for the next 5 years (2018) which deals with affected | Traffic impacts are
130. WCC intersections and midblock performance, prior to the determination of the application. discussed in
Appendix |
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Therefore, Council requests that the Department impose a condition of consent requiring that appropriate | Traffic impacts are
negotiations take place with both Wollongong City Council and the NSW Roads and Maritime Services concerning | discussed in
funding towards road maintenance works as a result of the additional trucks using local and regional roads | Appendix .
between the site and the Port Kembla Coal Terminal.
Such a condition is
131, WCC not required gs the
traffic modelling
has demonstrated
that there will not
be any significant
impact on the road
network.
Council requests that appropriate conditions of consent be imposed requiring the sealing and line marking of the | Section 2.3.3
employee's carpark.
132, WCC However, given that the revised life of the mine is for a maximum 5 year period, it is considered reasonable not
to require the construction of a new haulage road or employee access road. In the event that a separate new
application is ultimately lodged for the Wonga West mine lease area, then a new haulage road or employee
access road should be considered at that time.
Hydraulic modelling under the NSW Office of Water guidelines is recommended to be undertaken by a suitably | Groundwater
133, WCC qualified groundwater expert, prior to the determination of the Part 3A application. discussion
provided in
Appendix C
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Subsidence Subsidence

While DRE is supportive of the proposal, consistent with the Division’s previous advice DRE is of the opinion that | discussion
additional subsidence investigations are required. provided in

In particular, further under mining by longwalls within the old Bulli Pillar Workings will have the following risks, | Appendix B
which require site specific investigations:

. The development of irregular subsidence profiles, which often leads to concentrations of surface
deformations and adverse subsidence impacts on the surface features within affected areas; and
. Pillar runs, ie propagation of instability and/or reworking of the Old Bulli Pillar workings beyond the normal
134. DRE limit of mine subsidence. Note that this definition differs from what is normally considered as pillar runs

for underground safety. In the context of mine subsidence, pillar runs do not have to be a catastrophic
event as being assessed by the Applicant.
Without these investigations, there will be uncertainty about the predictions made for important surface features,
such as Cataract creek or Cataract reservoir, which may be affected by the proposed longwalls 6, 7 & 9 to 11.
In regard to Longwalls 1-3, DRE has previously advised that critical surface features, including angled voltage
transmission towers, the lllawarra Escarpment and Mount Ousley Road may be affected by longwall mining and
require site specific investigations.
Geotechnical investigations need to be undertaken prior to the submission of an extraction plan.
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Recommended Conditions of Approval Section 2.4.1

Rehabilitation Plan
1. The Proponent must prepare and implement a Rehabilitation Plan to the satisfaction of the Director
General of Department of Trade & Investment, Regional Infrastructure and Services.
2. Rehabilitation Plan must:

a. Be submitted and approved by the Director general of department of trade and investment, regional
infrastructure and services prior to carrying out any surface disturbing activities of the development,
unless otherwise agreed by the Minister;

b. Be prepared in accordance with DRE guidelines and in consultation with the department, Office of
Environment and Heritage, Environmental Protection Authority, Office of Water, Council and the mine
Community Consultative Committee;

c. Incorporate and be consistent with the rehabilitation objectives in the EIS, the statement of
commitments and table 1;

d. Integrate and build on, to the maximum extent practicable, the other management plans required
under this approval; and

e. Address all aspects of mine closure and rehabilitation, including post mining land use domains,
rehabilitation objectives, completion criteria and rehabilitation monitoring and management.

It is the intention of DRE that the Rehabilitation Plan fulfil the requirements of the Mining Operation Plan (which
will become the rehabilitation and Environmental Management Plan (REMP) once the Mining Act amendments
have commenced).

135. DRE
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Extraction Plan Section 2.4.2

DRE requires the inclusion of the preparation of an Extraction Plan that must take into consideration likely impacts
that activities may have on OIld Bulli Pillar Workings within the area and on key natural features and public
infrastructures; such as angled voltage transmission towers, Mount Ousley Road, the lllawarra Escarpment and
Cataract Creek/Cataract Reservoir.
1. The proponent must undertake Geotechnical Investigations prior to the submission of an extraction plan
2. The extraction plan must:
a. Give consideration to impacts of old workings and include a detailed investigation of overlying old

Bulli Pillar workings in consultation with DRE, which:

o Assess the stability of remnant coal pillars in the former Bulli Seam workings;

e Includes revised subsidence predictions for the second working areas

136. DRE e Recommends final design of the second workings panels and any necessary adaptive
management measures;
b. Includes a Built features Management Plan prepared in consultation with DRE, which:

e Address in appropriate detail all items of key public infrastructure, other public infrastructure
and all other built features;

e Has been prepared following appropriate consultation with the owner/s of potentially affected
features;

e Recommends appropriate remedial measures and includes commitments to mitigate, repair,
replace or compensate all predicted impacts on potentially affected built features in a timely
manner;

c. Includes a Public Safety Management Plan, which has been prepared in consultation with DRE; and

d. Includes a Subsidence Monitoring Program, which has been prepared in consultation with DRE.
First Workings Section 2.4.3
First working on site, other that in accordance with an approved Extraction Plan, may be carried out provided
DRE is satisfied that the first workings are designed to remain long term stable and non-subsiding, except insofar
as they may be impacted by an approved second working.
The DSC's submission on NRE #1's Environmental Assessment for an Underground Expansion Project, | Groundwater
Dams Safety | contained 15 concerns. The Preferred Project has addressed 12 of these concerns to the satisfaction of the | discussion
138. Committee Committee. The three remaining concerns (i.e. Nos. 12, 13 & 14)) deal with the Groundwater Model. The | provided in
(DSC) Committee awaits confirmation that NRE will revise the Groundwater Model for the Preferred Project to address | Appendix C
the issues raised by the DSC.

137. DRE

Ref: 140620 Russell Vale UEP PPR Residual Matters Report HANSEN BAILEY



Russell Vale Colliery UEP

Residual Matters Report 20 June 2014

For Wollongong Coal Limited Appendix A
Ref Regulator Issue Where Addressed
139, EPA The Environment Protection Authority (EPA) has reviewed the Submissions Report and believes that its | No response
comments on pit top operations have been substantially addressed. required
In the Preferred Project and Response to Submissions Report the Applicant has stated that the proposed | Heritage
Statement of Commitments above are unnecessary because “NRE has an existing approved Heritage | discussion
Management Plan for the Pit Top that incorporates these measures and meets the requirements of the | provided in
Preliminary Works Pt3A. This plan is updated at the end of each approved longwall and resubmitted for approval | Appendix H
for the following longwall”.
140, Heritage As Delegate of the Heritage Council this is not considered adequate. This is particularly the case as a number of
Council issues were identified with the draft Heritage Management Plan when it was reviewed by the Heritage Branch of
OEH in September 2012. As the plan was never resubmitted for comment, it is unclear whether these issues
were dealt with and whether any actions relating to the Applicants original six statement of commitments were
included within that plan.
Therefore, it is recommended that if the proposed project is approved, the six original statement of commitments
(as listed above), should form part of the approval conditions.
NSW Office of OEH notes that the PPR addresses a number of issues previously identified by OEH, particularly through the | Section 2.8.1
. modification of the longwall layout to reduce impacts on upland swamps and streams. However, OEH does not
Environment & . . . . . -
141. Heritage consider that the PPR fully addresses the issues previously identified and therefore recommends the mining plan
(OEH) should be modified further to avoid impacts to these significant natural features (see Attachment A for further
detail).
OEH's principal concerns in relation to the PPR are: Biodiversity
. impacts to the Coastal Upland Swamps endangered ecological community (EEC), particularly to swamps | discussion
142. OEH of 'special significance' provided in
. L Appendix G
. potential loss of surface water to deeper storage via mining induced fracture networks
. impacts to threatened species
OEH also notes that further surface and groundwater behaviour/characteristics modelling is yet to be completed. | Groundwater
143, OEH In the absence of this information, OEH requests an opportunity to comment when the additional information is | discussion
provided. provided in
Appendix C
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Upland Swamps No response
Impacts to Coastal Upland Swamps endangered ecological community required
OEH supports the proponent's identification of upland swamps of 'special significance' in the project area in line
144. OEH with the methodology contained in OEH's draft Upland Swamp Environmental Assessment Guidelines. OEH
notes that the PPR has modified the longwall layout in the Wonga East domain with the intent of reducing
undermining of significant streams and areas of Coastal Upland Swamp endangered ecological community
(EEC).
OEH has consistently stated that longwall mining under the Sydney Catchment Authority Special Areas of the | No response
145. OEH Woronora Plateau must meet a performance measure for swamps of special significance of no negative | required
environmental outcomes, or negligible environmental consequence. OEH considers that all swamps
recognised to be of special significance should be protected from the impacts of mining.
Results of monitoring by both BHP Billiton lllawarra Coal (BHPBIC) and OEH in upland swamps undermined by | No response
longwall mining in Dendrobium mine on the Woronora Plateau has demonstrated that mining resulted in the | required
fracturing of bedrock beneath a swamp causing:
146. OEH . A loss of the perched aquifer in the swamps (determined by piezometer monitoring of shallow
groundwater levels)
. A loss of water flow at the base of the swamp (determined by V-notch weir monitoring); and
. A loss of soil moisture within the swamp (determined by soil moisture probes)
Impacts of these types alter the ecological function of the upland swamp with a high likelihood of eventual loss of | Biodiversity
147, OEH the vegetation communities and habitats that characterise this EEC. discussion
provided in
Appendix G
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In the response to submissions, Gujarat states that the modified layout will result in an overall reduced risk of | Biodiversity
impact for upland swamps across the project area. However, OEH notes that all swamps in the Wonga East area, | discussion
with the exception of CCUS10, have greater predicted maximum strains and tilts compared to the original EA | provided in
(Table 29, pg 82, PPR). Of the seven swamps identified as "of special significance" the PPR proposes to directly | Appendix G
undermine swamps CCUS4 and CRUS1. Gujarat's risk assessment identifies the maximum tensile and
148, OEH compressive strains and maximum tilts predicted for each swamp (valley closure is not included and would be
informative).
The Bulli Seam PAC (2010) identified subsidence criteria above which swamps may be at risk of negative
environmental outcomes. The risk assessment for Wonga East indicates that swamps CCUS4 and CRUS1 wiill
undergo maximum tensile and compressive strains and tilts of between 5 and 18 times these thresholds for all 3
parameters. A further four swamps (CCUS1, CCUS5, CCUS10, CRUS1) will undergo maximum tensile and
compressive strains and tilts at least 3 times greater than these thresholds for all 3 parameters.
As a result OEH believes that the amended mining plan will not meet a performance measure of negligible | Biodiversity
environmental consequence for swamps of special significance, and that significant impacts to multiple upland | discussion
swamps in the Wonga East domain are likely. Further amendments to the mining layout should be considered to | provided in
enable negligible impact criteria to be met. Appendix G
149. OEH Performance
measures for
swamps are
discussed in
Appendix E
Although the overall risk to upland swamps may be lower as a result of the removal of the Wonga West domain | Biodiversity
150. OEH from the PPR, OEH notes that none of the upland swamp EECs in Wonga West are protected from future mining | discussion
developments. provided in
Appendix G
Flow Accumulation Biodiversity
OEH maintains that Biosis has over emphasised the impact of tilt and flow accumulation modelling when | discussion
151. OEH developing risk rankings for upland swamps. The types and level of impacts most frequently observed and of | provided in
concern for upland swamps in the Southern Coalfields, including bedrock fracturing, is more closely related to | Appendix G

physical stresses, strains and upsidence than tilt
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OEH accepts that use of additional information in a multi-criteria analysis may be useful, but has serious concerns | Biodiversity
that the outcome of subsequent risk assessment is affected by the weightings applied in such a multi-criteria | discussion
152. OEH analysis. For example, if flow accumulation is given equal weight to bedrock fracturing in such an analysis, alow | provided in
flow accumulation criteria could artificially deflate the calculated risk to a particular swamp when the subsidence: | Appendix G
predictions (both incremental and cumulative) exceed PAC thresholds for bedrock fracturing.
OEH agrees with Biosis that some of these swamps may already have been impacted by previous mining in the | Biodiversity
area but notes that a comprehensive monitoring and measurement program was not undertaken prior to mining. | discussion
A more detailed analysis of these potentially impacted swamps is required to gauge both likelihood and | provided in
153. OEH consequence (and therefore risk} for upland swamp EECs above the proposed mine plan. OEH suggests that | Appendix G
close attention should be paid to piezometer responses at PCc2, PCc5A, PCc6 and PCc3 and that these should
be contrasted with piezometer levels in swamps entirely unaffected by mining (ie reference swamps). Although
not certain, this experimental data may be sufficient to resolve the question of potential past impacts.
Surface Water Leakage due to
Potential loss of surface catchment water to deeper storage groundwater
There appears to be a common, widespread perception in the coal mining industry in the Southern Coalfields that | depressurisation is
a surface to seam connection, as a result of fracturing, creating a flow path for surface water into deeper storage | assessed in
within the mine, will not or can not occur. There is mounting scientific evidence to suggest that surface and rain | Appendix C.
water is indeed being lost from upland swamps and streams that supply Sydney's drinking water supply as a
result of mining and is potentially making its way into Southern Coalfield mines or lower aquifers. The independent | Impact on streams
154. OEH review commissioned by Department of Planning and Infrastructure into this proposal (Coffey 2013) is the latest | due to cracking is
report to highlight the risk of a surface to seam connection. Other evidence includes Ziegler and Middleton's | assessed in
(2011) analysis of algae in mine and tritium levels in mine inflow water, Heritage Computing's (2012) study of the | Appendix F.
correlation between rainfall and lagged inflows and Coffey Geotechnics' (2012) study of the potential complete
drainage of aquifers above the longwalls, all of which suggest a loss of surface water to the mine network.
BHPBIC have recently suggested that approximately 3.2% of total precipitation has moved into "deep storage",
which suggests that this too can move into the mine if their deep storage equates to or is connected to the highly
fractured goaf areas.
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OEH is concerned that the general lack of investigation into the phenomenon in NSW may have led to insufficient | Biodiversity
consideration of the potential risks in recent mining proposals. There has not been any quantitative scientific | discussion
evidence to support the claim that water returns to the surface at an unknown area downstream or into areservoir. | provided in
OEH has previously suggested that the loss of perched aquifers in upland swamp EECs, the consequent loss of | Appendix G
155. OEH baseflow to their connected streams and the alteration of groundwater aquifer levels has serious implications for
the continued existence of these threatened ecological communities and the threatened species that rely on these | Loss and re-
habitats. emergence of
Threatened species of particular concern in these areas are Littlejohn's Treefrog, Giant Burrowing Frog and the | stream flow is
Giant Dragonfly. This situation also clearly has the potential to affect catchment yields. discussed in
Appendix E
OEH believes a reanalysis of the potential surface to seam fracturing and complete aquifer drainage is required | Groundwater
for the PPR since: discussion
. Longwalls 1-3 have increased panel widths (the largest change being for longwall 3 which is increased | Provided in
156. OEH from 105m to 150m wide- a 43% increase) Appendix C.
. Longwalls 6 to 10 have the pillar widths reduced from 60m to 45m Groun(.iwater
modelling has
. Longwall 11 has the pillar width reduced from 60m to 40m. used the amended
mine plan.
All these changes (Table 4 of the PPR) are likely to lead to greater subsidence in some areas of the modified | Biodiversity
mine plan for Wonga East, although OEH acknowledges that subsidence will be lower in some areas as aresult | discussion
of the elimination of other longwalls. How these changes in mine layout interact with upland swamp EECs and | provided in
potential aquifer draining have not been fully considered in the PPR. Appendix G
157. OEH
Groundwater
discussion
provided in
Appendix C
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Cataract Creek and its tributaries Impact of
Alteration of the natural flow regimes of streams is recognised as a major factor contributing to loss of biological | groundwater
diversity and ecological function in aquatic ecosystems (NSW Scientific Committee 2002). The PPR states | depressurisation
(2.2.9.3) in regard to current mining beneath a Cataract Creek tributary that that NRE "will continue to monitor | on stream flow is
CT1 tributary flow, water levels and water chemistry as LW5 passes beneath the tributary to clearly identify | assessed in
impacts that mine subsidence may have. There may be some effects on surface flow volumes but little impact on | Appendix C.
discharge into Cataract Creek'. No evidence is presented to support this hypothesis and OEH contends that it is
158, OEH possible that some of the surface water will not re-emerge downstream. Impact of cracking
on stream flow is
assessed in
Appendix F.
Re-emergence of
stream flow is
discussed in
Appendix E.
Longwalls 1-3 will also undermine tributaries of Cataract Creek, one of which is predicted to experience valley | Water quality
closure between 350-650mm (Table 48). The PPR states that valley closures are likely to result in bedrock | impacts due to
cracking and surface flow diversion and that this may resultin decreased inflow in Cataract Creek and an increase | cracking are
159. OEH in iron seepage. OEH considers Cataract Creek to be of special significance due to its ecological and biodiversity | assessed in
values, including as habitat to a number of threatened species. Given the interconnected nature of a creek and | Appendix C
its tributaries, and the potential for impacts to extend up or downstream of the initial impact area, impacts to water
quantity and quality along the entire stretch need to be assessed as a whole.
The PPR states that "previous experience of mining under the Bald Hill Claystone outcrop in Cataract Creek | Subsidence
160. OEH indicates that there have not been any significant long term effects on the bed of the creek or the character of the | discussion
creek despite LW11 in the Balgownie Seam causing the creek bed to subside 1.4m". OEH is not aware of any | provided in
baseline monitoring that was undertaken prior to mining in the area to support this claim. Appendix B
161. OEH In relation to this issue it is worth reflecting on the following points that were made by the Bulli Seam PAC on the | No response
issue of impacts of longwall mining to streams. required
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1. The Panel does not subscribe to streams being represented as a series of discrete features in the | No response
landscape. Streams form a connected linear network. Many stream values depend on the recognition of the | required
stream system as a continuum with the value of any segment heavily dependent on what happens up and
downstream and in higher and lower order components of the system. Protecting the values of streams from
impacts that are broad in scale will rarely require intervention only at a series of discrete locations - it is more
likely to require some form of intervention or control throughout the interconnected linear network.

2. In the remote areas of sandstone gorges to the east and south of the Study Area, the Panel's | No response
assessment finds that much of the value of the stream network is closely associated with its natural | required
characteristics and its pristine setting. Values relying on ‘naturalness' have two distinguishing traits:

162. OEH

. Even small impacts can have major consequences for naturalness values. The response is non linear

163. OEH
with a major threshold at very low levels of impact.

. Even with appropriate remediation, recovery of naturalness values has a long hysteresis and may in fact
be irreversible. Reliance on remediation as a primaty risk management option does not recognise this
trait

Threatened Species Section 2.8.2

Fish Monitoring

164. OEH OEH previously recommended that a monitoring and management program be developed with Fisheries NSW in

regard to Macquarie Perch, Trout Cod and Murray Cod in Cataract Creek. This has not been addressed in the

PPR or response to submissions.

Giant Dragonfly Biodiversity

OEH previously recommended that survey for the threatened Giant Dragonfly (Petalura gigantea) be undertaken. | discussion

This has not occurred. In the Response to Submissions, CRUS1 was identified as likely habitat for this species | provided in

and that the alteration of Wonga East longwalls has removed the threat to this species, OEH does not agree with | Appendix G

this statement. Despite the revised mine plan, CRUS 1 is still predicted to experience levels of subsidence which

will have the potential to result in bedrock fracturing and loss of shallow groundwater. OEH believes that the
species may occur in other swamps and targeted surveys are appropriate to understand the spatial distribution
of the species in the area so that impacts can be identified and avoided.

165. OEH
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RMS has reviewed the submitted information and is unable to make an informed comment on the proposal. In | Traffic & Transport
this regard, RMS provides the following comments: Impact
. RMS notes that a revision of the impact assessment is currently being carried out to account for the | ASsessment is
166. RMS amendments made to the subject proposal including the reduced life of the project from 18 years to 5 | Provided in
years. RMS will review this report when it is provided. An electronic copy of the SIDRA analysis should | Appendix . RMS’
be forwarded to RMS for review. response is
provided in
Appendix J.
. RMS requests that the proponent provide information regarding the truck configurations to be used, | Traffic & Transport
including axle loadings and the additional equivalent standard axle loadings Impact
Assessment is
provided in
167. RMS Appendix I. RMS’
response is
provided in
Appendix J.
Sydney The SCA has reviewed the PPR and its submission is attached. In summary, while the current proposal has | No response
168. Catchment addressed some of the SCA's concerns, significant issues remain. We object to the proposal as it currently | required
Authority stands, particularly with regard to its incursion into the Dams Safety Committee Notification Area
(SCA) surrounding Cataract Reservoir.
The SCA notes that the PPR proposes changes to the original proposal including: No response
1. Wonga east longwall layout has been modified. required
2. Wonga west longwalls have been removed and are proposed to be revised and resubmitted as a separate
169. SCA application at a later date.
3. Wonga Mains driveage is proposed not to extend northwards under the south arm of the Cataract Reservoir
through the known geological feature (in the Bulli seam).
4. The western Balgownie and western Bulli seam first workings have been removed from this application.
The PPR proposes to mine Wonga east longwalls only with changes to the longwall (LW) lengths, widths, position | No response
170. SCA and/or alignment and LW8 has been removed. The SCA notes that the changes to Wonga east mine layout | required
include a reduction in the length of longwall panels in both mining areas, an increase in the panel width of Area
1 longwalls and a reduction in the main gate pillar width in Area 2.
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The PPR provides a revised assessment on subsidence, biodiversity and geological structures. The PPR states | Groundwater
that the ground and surface water impacts will be determined on the outcome of surface and ground water re- | modelling
modelling currently being undertaken. It further states that the ground and surface water impacts will vary due to | discussed in
the madification to the Wonga east layout. Appendix C.
171. SCA
Surface water
modelling
discussed in
Appendix F.
The SCA has adopted a set of principles that underpin its decision making in relation to mining activities in the | No response
Special Areas. These have been communicated to Gujarat NRE and to Department of Planning and Infrastructure | required
172, SCA on previous occasions and are repeated in the attached submission. The SCA has also developed performance
measures for natural and built features of interest to the SCA for this project which is included in our submission.
The SCA has assessed the proposed mining proposal and associated information contained in the PPR against
its mining and coal seam gas principles and performance measures.
The SCA has major concerns about the lack of detailed geological investigations. The SCA also has major | Additional
concerns with regards to induced leakage from the Cataract Reservoir and longwall mining within the Cataract | geological
Dam Safety Committee (DSC) notification area. These concerns were highlighted in our earlier submission on | investigations
the project and in subsequent correspondence. discussed in
173, SCA Appendix K.
Leakage from the
reservoir is
assessed in
Appendix C.
174, SCA While the proposal has been modified, and some further information is available, the preferred project does not | No response
fully address the issues raised by the SCA. We therefore continue to object to the proposal in its current form. required
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The SCA's primary concerns, based on revised information on geological structures and subsidence assessment | Leakage due to
and as outlined in this submission, relate to the potential impacts on Cataract Reservoir, Cataract River, Cataract | groundwater
Creek and associated tributaries, swamps and cliffs. Of particular concern is: depressurisation is
. The potential loss of stored waters from Cataract Reservoir to underground mine workings at the upper | discussed in
arm of Cataract Reservoir as a result of mining induced leakage. Appendix C.
. The impact on the environment of Cataract Creek and associated tributaries, swamps and dependent
L . - . Impacts on
ecosystems as a result of the loss of stream flow, reduction in base flows, increased acidification and
175. SCA iron precipitation, and the reduction in shallow water tables affecting swamp vegetation and significant C.ataract C.reek are
impacts to the "Special Significance" upland swamp CCUS4. d'SCUSS?d n
Appendix E and
Appendix F.
Impacts on
biodiversity are
discussed in
Appendix G.
In light of our objection to the revised proposal, the SCA recommends: Section 2.10.1
1. The DSC Notification Area around Cataract Reservoir be adopted as an Exclusion Zone where no longwall
mining is permitted (the SCA is in particular concerned about the significant extension of Longwall 7 into the DSC
176. SCA notification area).
2. The proposed adaptive management approach proposed for mining activities not be used due to the lag time
for mining-related impacts to manifest and changes required to be implemented.
3. The SCA's performance criteria developed for the proposed mining area to be adopted.
It should also be noted that the SCA may have further comments on the PPR depending upon the findings of the | No response
177. SCA yet to be completed ground and surface water assessments. As such, the SCA requests the opportunity to | required
continue to be involved in any ongoing assessment of the application.
178. | NSW Fisheries Fisheries NSW advise§ tt?at issues ra_is_ed _prev_iously have been addressed by the proponent, but remains | No r_esponse
concerned about potential impacts of mining in this area. required
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SUMMARY

Wollongong Coal (WC) is proposing to mine eight additional longwall panels in
an area approximately 9km north-north-west of Wollongong in New South
Wales referred to as the Wonga East mining area. After consideration of
submissions from the community and government agencies to its earlier
Underground Expansion Project Part 3A (Pt3A) application, WC (then
Gujarat NRE) significantly modified the application in a proposal referred to
as the Preferred Project Report (PPR). In 2013, Gujarat NRE commissioned
SCT Operations Pty Ltd (SCT) to predict the subsidence likely to be caused
by the proposed longwall panels recognising the influence of previous mining
in the area and to assess the likely subsidence impacts in the PPR mining
area. Subsidence predictions and an impact assessment were presented in
SCT Report NRE14123 dated 24 September 2013 (SCT 2013) based on the
data was available at the time.

Since the completion of SCT Report NRE14123, Longwall 5 has finished,
further subsidence monitoring data particularly in relation to valley closure
measurements has become available, additional field studies have been
undertaken, and the initial report has been peer reviewed. This current
report is an update of the earlier report with the main changes being
inclusion of subsidence monitoring results to the end of Longwall 5, revision
of the valley closure estimates, and identification of a sandstone formation
downstream of CCUS4. Changes and clarifications recommended in the peer
review have also been included.

Our assessment indicates that the subsidence impacts associated with the
proposed PPR mining layout can be managed to a level consistent with
impacts from previous mining in the area. Continued monitoring and adaptive
management strategies are considered appropriate to manage these
impacts in a holistic sense, but changes in panel length may be required to
completely protect individual natural features identified as ecologically or
aesthetically significant depending on the balance that is struck by
government between coal resource recovery and surface impacts.
Mitigation measures will be required to manage the impacts on high voltage
power transmission lines.

Site Description

The PPR Assessment Area is located entirely within the headwaters of
Cataract River in the catchment of the Cataract Metropolitan Water Supply
Reservoir and predominantly within the catchment of Cataract Creek. The
surface is mainly undeveloped bushland. Surface features include sections of
rain forest in the valleys, a variety of upland swamps located mainly on the
valley sides and numerous sandstone rock formations on the upper slopes
associated with Hawkesbury Sandstone. Some archaeological heritage sites
are located within this outcrop. Several first order tributaries of Cataract
Creek have formed waterfalls where they flow over Hawkesbury Sandstone
formations. The surface is traversed by the Mount Ousley Road and four
high voltage power transmission lines. A telecommunications installation
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and the lllawarra Escarpment are located approximately 1km to the east of
the proposed longwall mining area.

Coal has previously been mined in three seams at this site, the Bulli Seam,
the Balgownie Seam 10m below, and the Wongawilli Seam a further 20m
below that. The Bulli Seam was mined from the late nineteenth century
through to the 1850’s using a variety of mining systems including in the
later stages mechanised pillar extraction. The Balgownie Seam was mined
as one of the first longwall mining operations in Australia from 1970 through
to 1982. The Wongawilli Seam has been mined by NRE with the first of two
longwall panels commencing in April 2012. Within the PPR Assessment
Area the overburden depth to the coal seams ranges 220-390m mainly as a
result of variation in surface topography but also as a result of the strata
dipping at between 1 in 25 and 1 in 30 to the west-north-west away from
its outcrop on the lllawarra Escarpment.

The presence of this previous mining presents some challenges for future
mining but also brings some advantages in terms of providing high confidence
definition of the nature, location, and characteristics of geological
structures, actual measurements of the subsidence behaviour of the
overburden strata at the site during previous mining, and an extended
baseline of some B0-100 years to study the recovery of natural features
from previous subsidence impacts.

Prediction Methodology

The subsidence prediction methodology used in this assessment is based on
previous subsidence monitoring experience at this site available from mining
in the Bulli Seam (over longwall panels 6-8km to the west) and the Balgownie
and Wongawilli Seams in the PPR Assessment Area. This data is considered
to provide a strong basis for predicting subsidence above the proposed
longwall panels, particularly when consideration is given to the mechanics of
the subsidence processes involved, specifically the differences between sag
subsidence over individual panels and elastic compression subsidence
associated with elastic compression of the strata between panels. Tilts and
strains are predicted using incremental subsidence and the approach
forwarded by Holla and Barclay (2000). Maximum closure is predicted using
the ACARP Method developed by Waddington and Kay (2002). Available
monitoring data indicates that both approaches provide predictions that are
conservative.

The approach to predicting subsidence movements that has been adopted is
considered to be appropriate in the relatively complex mining environment
that exists within the PPR Assessment Area especially now that there is
actual subsidence data available from Longwalls 4 and 5 in the Waongawilli
Seam to provide confirmation of behaviour when a third seam is mined.

The experience available from mining Longwalls 4 and 5 indicates that the
subsidence behaviour is predictable albeit with somewhat different
characteristics to subsidence over single seam mining operations. The main
difference is that the overburden strata are more flexible as a result of the
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disturbance caused by previous mining. The bridging capacity across
individual panels is reduced and sag subsidence in the middle of individual
panels is thus greater than it would be above single seam operations.

Predicted Subsidence

Maximum subsidence over individual longwall panels in the Wongawilli Seam is
predicted to range from 1.5m over the slightly narrower Longwall 7 through
to 2.6m over Longwall 3 where the overburden depth is shallowest and there
is overlying mining in both seams. Previous mining in the Bulli and Balgownie
Seams is estimated to have caused up to about 1.9m of subsidence in some
localised areas of the PPR east of the Mount Ousley Road but more generally
cumulative subsidence in areas of previous mining has been in the range
0.3-1.3m.

There is considered to be some potential for pillar instability in the Bulli
Seam to cause additional surface subsidence of up to about 0.5m in localised
areas of marginally stable pillars when the proposed longwall panels are
mined in the Wongawilli Seam. The area likely to be most affected by pillar
instability is located at the northern end of Longwall 1 and although the area
is relatively small compared to overburden depth, special consideration is
required in this area to limit impacts on power transmission pylons located
nearby.

Maximum tilts over individual longwall panels in the Wongawilli Seam are
expected to range up to maxima of 24mm/m over Longwall 10 through to
maxima of 51mm/m above Longwall 3. Although these maxima may occur
anywhere in the panel, they are most likely to occur at panel edges in
overlying seams and in areas of topographic change in gradient. More
generally across the panel, systematic tilts are likely to be in the range
50-90% of the maximum values.

Maximum strains over individual longwall panels in the Wongawilli Seam are
expected to range up maxima of 14mm/m over Longwall 10 to maxima of
31mm/m over Longwall 3. Although these maxima may occur anywhere
within the panel, maximum tensile strains are most likely to occur at
topographic high points and maximum compression strains are most likely to
occur at topographic low points. More generally across the panel,
systematic strains are likely to be 20-30% of the maximum values.

The predicted closures across Cataract Creek have been revised slightly
from the earlier report. Total closures are predicted to range up to 300mm
adjacent to the end of Longwall 5 and up to 290mm adjacent to the end of
Longwalls 6 and 7. Closure across the second order southern branch of
Cataract Creek upstream of the Mount Ousley Road crossing is predicted to
reach 700mm. These closure estimates are recognised as being upper limit
values because they are based on experience in deep gorges at high stress
levels. Monitoring to date indicates closure movements of up to 49mm.
These movements are less than 40% of the 135mm predicted for Longwall 5
only.
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The following table summarises the subsidence that has occurred in the area
of each longwall panel during mining in the Bulli Seam (estimated) and the
Balgownie Seam (measured) as well as the subsidence that is predicted
above each longwall panel from proposed mining in the Wongawilli Seam.
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Longwall 1 1.3 2.1 40 12 24 N/A (700)
Longwall 2 1.1 2.1 40 12 24 N/A (300)
Longwall 3 1.3 2.6 51 15 31 N/A (150)
Longwall 4 1.9 2.1 0(1.8) 35 (30) 10.5 (7.8) 21 (14) N/A
Longwall 5 0.9 1.9 (1.8) 36 (16) 10.8 (6) 22 (12) 300 (49)
Longwall 6 1.5 2.1 38 11 23 290
Longwall 7 1.2 1.5 28 8 17 290
Longwall 9 0.5 2.1 32 10 19 50
Longwall 10 0.6 1.6 24 7 14 30
Longwall 11 0.6 2.1 30 9 18 10

Movements outside the goaf edge (i.e. edge of each longwall panel) are
expected to be similar to the movements observed beyond the goaf edges of
Longwalls 4 and 5. Vertical movements of greater than 20mm are expected
to be limited to within a distance of about 0.7 time overburden depth from
the nearest goaf edge equivalent to an angle of draw of 35°. In areas where
there is either solid coal or substantial coal pillars directly above the goaf
edge, goaf edge subsidence is expected to be of the order of 100-200mm.
In areas where there has been previous mining in both the overlying seams,
vertical subsidence at the goaf edge is expected to increase up to
300-500mm and the goaf edge subsidence profile is expected to be mare
gradual outside the goaf edge and steeper directly over the panel.

Impact Assessment

The impacts of mining subsidence on surface features are considered in
detail within the body of the report. These features include natural features
such as Cataract Creek, Cataract River, upland swamps, sandstone cliff
formations including the lllawarra Escarpment and some smaller sandstone
outcrops where first order creeks have formed waterfalls, archaeological
heritage features, and surface infrastructure including Mount Ousley Road,
four high power transmission lines, Cataract Water Supply Reservaoir, and a
telecommunications installation on Brokers Nose.

Cataract Creek flows across the PPR Assessment Area. The PPR mine
layout has been designed to avoid longwall extraction directly under the main
channel of Cataract Creek and particularly the third and fourth order
sections. An adaptive management strategy based on closure monitoring
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and cessation of longwall extraction if there is a likelihood of significant
perceptible impacts becoming apparent is considered to be an effective
method for managing the potential for subsidence impacts on Cataract
Creek.

The valley closure measurements observed during mining of Longwall 5 are
much less than predicted using the available methodology. The closure
movements have occurred gradually and incrementally with mining allowing
them to be predicted in advance with reasonable confidence. The more
difficult challenge is determining the level of closure that is likely to cause
impacts to the creek. Cataract Creek has previously been subsided up to
1.2m by mining Longwall 11 in the Balgownie Seam with closure of 350mm
measured across Cataract Creek. This closure has not resulted in apparent
impact, possibly because of the paosition of the creek in the stratigraphic
section and the presence of Bald Hill Claystone in the base of the creek.
There has been no perceptible impact from 49mm of closure associated with
mining Longwall 5. An adaptive management scheme based on avoiding
perceptible impacts is considered to be appropriate.

Cataract River is remote from the proposed mining in an area where there
are not expected to be any perceptible impacts.

Biosis (2013) has mapped and described 33 separate upland swamps within
the PPR Assessment Area. Many of these swamps have been previously
mined under in both the Bulli Seam and Balgownie Seam. The proposed
mining is not expected to cause significantly different impacts to those
already experienced. It is considered that more work is required to
determine the relationship between mining subsidence and the long term
health of swamps. The extended baseline of subsidence impacts over
60-100 years in the Bulli Seam and 30-40 years in the Balgownie Seam
provides a rare opportunity to study these effects. The development of a
monitoring and review strategy involving relevant experts is recommended to
manage mining impacts on these swamps. This process should include a
review of the recovery of these features from previous impacts and the
implication of this recovery for future swamp protection strategies.

CCUS4 has been identified as a significant swamp within the PPR mining
area that drains via a first order watercourse. CCUS4 has previously been
subsided 0.6-0.8m by mining in the Balgownie Seam without apparent
impact. Proposed mining in the Wongawilli Seam is expected to cause up to
2.1m of additional subsidence. Impacts such as cracking of the sandstone
base and surface water diversion are expected as a result of proposed
mining.

There are numerous sandstone cliff formations located within the
Hawkesbury Sandstone outcrop in the PPR Assessment Area. Most of
these are less than 5m high. Some perceptible cracking on hard rock
surfaces is expected to be apparent as a result of the proposed mining.
Minor rock falls are expected on up to 5% of the length of sandstone cliff
formations that are mined directly under. It is noted that there are a
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number of rock falls present across the site that can be attributed to
previous mining impacts and others that have occurred naturally.

There are several locations where drainage lines and first order creeks flow
over sandstone outcrops to form waterfalls following periods of heavy rain.
Field inspections conducted since the previous report was prepared have
identified the presence of several such features that were not apparent in
original LiDAR surveys used to characterise the cliff formations because of
their small size and the presence of downstream boulders.

Two of these features are approximately 7m high. However, only the feature
at the downstream edge of CCUS4 is regarded as a semi-permanent
waterfall. The others are either located on drainage lines that have no
permanent flow or have been impacted by previous mining so that water
emerges from the base of the rock formation during periods of low flow
rather than flowing over it like a waterfall Some impact from previous
mining is apparent at each of these rock formations. Proposed mining is
expected to cause further impacts including rock falls and cracking.

Nineteen Aboriginal heritage sites have been identified within the PPR
Assessment Area. Some of these sites have potential to be impacted by
rock falls caused by mining subsidence. A detailed assessment of these
sites is presented in the body of the report and in Biosis (2013).

Mount QOusley Road is protected from direct mine subsidence by a horizontal
distance from the nearest goaf edge equal to half overburden depth. Low
levels of vertical subsidence of less than about 100mm in total are expected
in the vicinity of Mount QOusley Road with up to approximately 40mm of this
maximum having already occurred from mining Longwalls 4 and 5. These low
level vertical movements are expected to be imperceptible for all practical
purposes. Tensile cracking adjacent to the topographic high ground south of
Cataract Creek and closure of up to a maximum of about 50mm is expected
at the crossing of Cataract Creek. Some 11mm of closure was measured
during mining of Longwall 5. There is considered to be no potential for
significant horizontal movements to impact the Picton Road Interchange and
no movements attributable to mining have been measured in the subsidence
monitoring conducted to date.

There are four power transmission lines located in two corridors between
Mount Ousley Road and the lllawarra Escarpment. All four lines were mined
under by Longwalls 1 and 3 in the Balgownie Seam and potentially by late
stage pillar extraction in the main heading pillars in the Bulli Seam although
this latter mining may have preceded their construction. Subsidence
movements predicted in the vicinity of four of the towers (two each on the
330kV and 132kV lines) are expected to be sufficient to require construction
of cruciform bases to protect them from mining subsidence. T56 on the
330kV line will require a special design to accommodate the slight change in
direction that occurs at this tower. Vertical subsidence of up to 2.1m and
horizontal valley closure movements of up to 700mm are expected in the
vicinity of some of the pylons.
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The 33kV single and double pole structures are relatively tolerant of
subsidence movements and because these structures are located more than
60m outside of the footprint of the longwall panels no protection measures
are considered necessary, although a monitoring regime is nevertheless
recommended.

The Cataract Water Storage Reservoir is not expected to be impacted by
the proposed mining. The Full Supply Level (FSL) for the reservoir including
the section that extends up Cataract Creek is protected from the nearest
longwall goafs by a nominal horizontal distance of greater than 203m at
290m overburden depth (equivalent to 0.7 times overburden depth or an
angle of draw of 35°). Vertical subsidence at the FSL is expected to be less
than about 20mm.

Geological structures within the PPR Assessment Area are well defined
because of the previous mining that has occurred in the overlying Bulli Seam
over a large area and the overlying Balgownie Seam in a more limited area.
The only geological structure that extends through to the proposed longwall
panels in the PPR Assessment Area and the reservoir is Dyke D8. The
horizontal distance along the dyke from the end of Longwall 10 to the FSL is
approximately 560m at an overburden depth of 320m at the FSL. There is
considered to be no potential for proposed mining to intersect the stored
waters directly.

There are a number of small pre-existing Bulli Seam mining areas where, due
to the legislative standards of the day, pillar extraction was permitted within
the 0.7 times depth protection zone around the FSL. There does not appear
to be any direct connection between the reservoir and the mining horizon
through these mining areas. Although their presence appears to reduce the
effectiveness of the 0.7 times depth barrier between the FSL and the
proposed mining somewhat, particularly for mining of Longwalls 7 and 9, the
pathway for seepage from the reservoir to the mine is likely to be
predominantly along horizontal shear planes at or just below the level of the
valley. This pathway is not expected to interact with the pre-existing Bulli
Seam mining areas. As a result, there is not considered to be any potential
for these existing Bulli Seam mining areas to significantly reduce the
effectiveness of the 0.7 time depth barrier.

The lllawarra Escarpment at Brokers Nose and the telecommunications
infrastructure located on it are protected by a horizontal distance of
approximately 1km from the nearest point on Longwall 1. No ground
movements or any perceptible impacts are expected in this area as a result
of the proposed mining.

Management Strategies

The subsidence management strategies recommended include continuation
of the upgrade to subsidence monitoring technigue that has been ongoing
since the start of Longwall 4. This upgrade has included measuring
subsidence movements in three dimensions, increasing the resolution of
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valley closure monitoring, and establishing more reliable GPS based survey
control points.

Ongoing management and review of subsidence impacts to Mount QOusley
Road by a technical committee headed by the asset owner is considered
suitable to manage the potential for any future impacts on the road and
associated infrastructure. This approach was used successfully for
managing the impacts from Longwalls 4 and 5. The half depth barrier used
to substantially protect the road alignment provides a relatively high level of
protection. Some consideration to remedial work to prevent water ingress
into minor tension cracks that have formed is recommended to protect the
road sub-base.

To manage potential impacts on the power transmission towers prior to
mining Longwalls 1-3, it is recommended that a technical committee be
formed with representatives from the colliery, the power utility companies,
the Mine Subsidence Board, and government regulators. Several of the
power transmission towers are likely to require the construction of
cruciform bases to allow them to remain structurally stable during mining, a
process that usually requires a significant lead time.

The Dams Safety Committee (DSC) is a statutory body with legal powers to
manage mining to protect the stored waters in Cataract Reservoir. The
colliery has been working with the DSC for many years and it is considered
that the management process that has been adopted in the past continues
to be appropriate. The 0.7 times depth (approximately 200m) stand-off from
the FSL is the primary control for protecting the stored waters of Cataract
Reservoir and this stand-off is expected to provide a high level of protection
notwithstanding the presence of previous extraction in the Bulli Seam.

The detail of monitoring of swamps, cliff formations, heritage sites, and
creek biota is beyond the scope of this report and has been addressed in
other specialist’'s reports. However, it is recommended that one or more
technical committees are formed to design monitoring programs that not
only review the changes that may be associated with proposed mining but
also take the opportunity to review the longer term impacts from previous
mining in the same area. Ideally these technical committees would include
external expertise from the community where appropriate so that monitoring
programs are targeted, appropriate, can be ongoing, and are transparent to
all stakeholders.

Response to Submissions to UEP Pt3A and Original PPR

A range of submissions were received in response to the Underground
Expansion Project Pt3A (Pt3A). These submissions were received prior to
the PPR amendments and while the PPR amendments have addressed many
of the issues raised, a number of these issues are worth discussing in the
context of the PPR design and how they have driven the changes that have
been made to the design and the design process. There have also been
submissions to the PPR itself. The response to this second group of
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submissions is included in an appendix to this report with the report itself
updated to address the issues raised.

The subsidence prediction technique used in the original UEP Pt3A has been
updated to reflect the subsidence monitoring data available from Longwalls 4
and 5. The revised approach is based on using the available data to provide
insight into the subsidence mechanics and continuing to develop this
understanding recognising the various subsidence processes involved.
Although there is somewhat greater uncertainty for subsidence predictions
in @ multi-seam environment, the available data indicates that the behaviour
observed is repeatable and consistent with the mechanics of the subsidence
processes as currently understood.

There are a number of geological structures located in the general area of
the proposed mining, but only one dyke (D8) is considered to be significant in
the context of the proposed mining. The others are located away from the
areas of mining and are not considered to have any significant potential to be
affected by mining. A significant benefit of the previous mining activity is
that the dykes and faults through the area are very well defined by previous
mining activity.

The potential in the Bulli Seam for pillar instability and latent subsidence
(where full subsidence has not occurred during previous mining) has been
recognised as having some potential to cause additional subsidence at the
northern end of Longwall 1 and this area is requires special consideration
prior to mining Longwall 1. Other areas where there may be a similar
potential are more difficult to identify because the mine records for the
period of mining may be incomplete or inaccurate due to the survey and
drafting standards of that time. The significance of any additional surface
subsidence that may result is considered to be low, especially in terms of
additional impacts to major surface infrastructure above the impacts
expected.

The prediction of valley closure, upsidence, and far-field movements is
recognised as being only approximate. Offsets that have been designed into
the revised mine layout are aimed to avoid mining directly under the main
channel of Cataract Creek to provide a buffer against closure related
impacts and this protection is supported by Wollongong Coal’'s commitment
to stop the longwalls short if closure movements become likely to cause
unacceptable impacts.

There is considered to be no potential for the proposed mining to impact on
the lllawarra Escarpment and in particular the section of Hawkesbury
Sandstone outcrop at Brokers Nose. It should be recognised that there is
always potential for cliff falls to occur naturally as part of the ongoing
erosion processes.

The subsidence monitoring systems being used at Wollongong Coal have been
upgraded from two dimensional surveying techniques used during the initial
stages of mining Longwall 4 through to full three dimensional monitoring with
an improved GPS survey control network.
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Adaptive management strategies are being practiced by Wollongong Coal.
Examples include the significant revision to the mine layout represented by
the PPR and the use of closure monitoring across Cataract Creek to control
the length of Longwalls 5, 6 and 7.
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1. INTRODUCTION

Wollongong Coal (WC) is proposing to mine eight additional longwall panels in
an area approximately Skm north-north-west of Wollongong in New South
Wales referred to as the Wonga East mining area. After consideration of
submissions from the community and government agencies to its earlier
Underground Expansion Project Part 3A (Pt3A) application, WC (then
Gujarat NRE) significantly modified the application in a proposal referred to
as the Preferred Project Report (PPR). In 2013, Gujarat NRE commissioned
SCT Operations Pty Ltd (SCT) to predict the subsidence likely to be caused
by the proposed longwall panels recognising the influence of previous mining
in the area and to assess the likely subsidence impacts in the PPR mining
area. Subsidence predictions and an impact assessment were presented in
SCT Report NRE14123 dated 24 September 2013 (SCT 2013) based on the
data was available at the time.

Since the completion of, Longwall 5 has finished, further subsidence
monitoring data particularly in relation to valley closure measurements has
become available, additional field studies have been undertaken and cliff
formations identified, and the initial report has been peer reviewed. This
current report is an update of the earlier report with the main changes
being inclusion of subsidence monitoring results to the end of Longwall 5,
revision of the valley closure estimates, and identification of several rock
formations not identified in the original PPR assessment. Changes and
clarifications recommended in the peer review have also been included.

The report is structured into three parts:

The first part, Section 2, describes the site, the background to the project
and the rationale for the mining layout in the Preferred Project showing
changes to the geometry compared to the earlier Pt3A application, the
geological setting, and an overview of the surface features.

The second part, Sections 3 to 7, describes the previous mining activity, the
past and future subsidence including available monitoring data from mining in
one, two, and three overlying seams, a description of the subsidence
prediction methodology and a discussion of the accuracy and level of
confidence that can be placed in the predictions, estimates of subsidence for
the proposed mining based on the data currently available, an assessment of
likely subsidence impacts on each of the surface features including a review
of past impacts and the threats that previous mining activity still has for
unpredictable subsidence hehaviour. In the last section, a range of
strategies to manage the subsidence impacts expected are presented and
discussed.

The third part, Section 8, presents a response to submissions to the earlier
Part 3A application where these responses remain relevant to the PPR and
a response to the more recent submissions provided for the initial PPR
report.
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2. SITE DESCRIPTION

This section is structured to provide an overview of the site, background to
the PPR and the Assessment Area and changes since the Underground
Expansion Project Pt3A application, a review of surface ownership, an
overview of the main surface features and the geological setting.

This site description section is presented primarily to provide context for the
subsidence assessment. More detail of specific aspects of various features
such as the geological setting, the flora and fauna, surface features such as
swamps and cliffs, archaeological and other heritage sites, and surface and
groundwater interactions is presented in other specialist reports associated
with the project.

2.1 Site Overview

Figure 1 shows the location of the PPR Assessment Area superimposed on a
1:25,000 topographic series map. Detail of the surface contour available
from LiDAR (Laser Interferometric Detection and Ranging) imagery flown
since the production of the 1:25,000 series topographic series map has
been used to refine the location of surface watercourses, particularly
Cataract Creek. These watercourses have been coloured on the basis of
their stream order using the approach described in the Strategic Review
into Impacts of Underground Coal Mining on Natural Features in the
Southern Coalfields (NSW Department of Planning 2008). The longwall
panels discussed in this report and shown in Figure 1 include Longwalls 4
and 5 in the Wongawilli Seam both of which have already been mined.

The Assessment Area is located entirely within the headwaters of Cataract
River and the Cataract Reservoir and predominantly within the catchment of
Cataract Creek. The surface is mainly undeveloped bushland. Surface
features include sections of rain forest in the valleys, a variety of upland
swamps located mainly on the valley sides and numerous sandstone rock
formations on the upper slopes associated with Hawkesbury Sandstone
outcrop. The surface is traversed by the Mount QOusley Road and four high
voltage power transmission lines.

2.2 Project Background

Gujarat NRE purchased the colliery in December 2004. In February 2014,
Gujarat NRE formally changed its name to Wollongong Coal. In this report,
the company is referred to as Wollongong Coal (WC) except in relation to
events that occurred prior to the formation of WC. Similarly the NRE No 1
Colliery has been renamed Russell Vale Colliery.

Russell Vale Colliery is located near Russell Vale in the lllawarra region of
New South Wales (NSW). Extensive underground mining has been
undertaken within the colliery holdings dating from the late nineteenth
century. However, a substantial volume of high quality coking coal resources
remains along with some potential thermal coal resources.
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Figure 1: Plan showing location of PPR Assessment Area and proposed longwall panels superimposed onto a 1:25,000 topographic
series map with creek alignments update based on LiDAR imaging of the ground surface.
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The colliery holding includes a number of sub leases between WC and
surrounding mine operators, including Consolidated Coal Lease (CCL) 745,
Mining Purposes Lease (MPL) 271 and Mining Lease (ML) 1575 and covers a
total area of approximately 6,973 hectares (ha).

Originally, NRE intended to expand its Wongawilli Seam operations in two
stages. Stage 1 plans were included in the Preliminary Works Pt3A that was
approved on 13 October 2011 allowing some first workings coal extraction
and surface facility upgrades. On 24 December 2012, the Preliminary
Works Part 3A was maodified to allow the extraction of Longwalls 4 and 5
and the development of Maingate B.

The original Stage 2 application known as the Underground Expansion Project
Pt3A was lodged with the DPlI on 12 August 20039 and contained an
application to extract eleven longwalls in the Wonga East area and seven
longwalls in the Wonga West area along with surface facilities upgrades to
allow production of up to 3Mtpa for up to 20 years. Since that time the
application has been progressing through the Major Project approvals
process and was placed on Public Exhibition on 18 February 2013.

As a result of the submissions received on the application, NRE made the
decision to substantially revise the application to facilitate the approval
process and allow continuity in operations. Due to the scope of the
changes, the New South Wales Department of Planning and Infrastructure
(DPI) requested NRE to prepare a Preferred Project Report for the revised
Underground Expansion Project Pt3A.

The Preferred Project report outlines the revised Underground Expansion
Project which has been reduced to a 5 year interim stage project, with
extraction of eight longwalls in the Wonga East area and upgrading of
surface facilities to manage an extraction rate of up to 3Mtpa ROM coal per
annum. The original Wonga West longwall extraction is planned to be
reviewed and resubmitted to DPI as a separate application at a later time.

2.3 PPR Assessment Area

Taking account of the various submissions received, the longwall panels in
the PPR have been designed recognising the following constraints:

e The constraints of the mine lease.
e (Geological constraints including the Corrimal Fault in the south, dyke
D8, silling (an igneous intrusion within the seam) in the north, and

coal quality considerations and its impact on mining height.

¢ Mining constraints associated with the need for main headings in the
north and the legacy of previous mining extent and geometry.

e Surface subsidence constraints including:
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o Avoiding longwall extraction within 0.7 times depth (equivalent
of 35° angle of draw) of the full supply level (FSL) of Cataract
Reservoir including the section of the reservoir that extends up
Cataract Creek.

o Avoiding mining directly under the third and fourth order
sections of Cataract Creek.

o Minimising impacts on Mount Ousley Road to tolerable levels by
remaining beyond approximately half depth (equivalent to 26.5°
angle of draw) from the road easement.

o Significant upland swamps

These constraints are illustrated in Figure 2 together with the PPR layout
and the original layout proposed for the Underground Expansion Project Pt3A
application. In the PPR, Longwall 8 has been left out, most of the panels
have been shortened, Longwall 7 has been narrowed, and six of the panels
(Longwalls 1-3 and 9-11) have been rotated in order to remain within the
constraints described above. The only constraints that were not able to be
completely accommodated within the realignment were the upland swamp
known as CCUS4 including a 7m high waterfall on the downstream edge of
CCUS4 located on a first order tributary flowing from the swamp, a small
part of upland swamp CRUS1 located above Longwall 6, and a small part of
upland swamp CRUSS located above Longwall 7.

The PPR Assessment Area has been defined as an area that extends to a
horizontal distance of 600m from the outside edge of any of the proposed
longwall panels including Longwalls 4 and 5 (NSW Department of Planning
2008). A second far field assessment area extending to 1.5km outside the
proposed longwall panels has been used to include significant features such
as the lllawarra Escarpment, the power pylons at changes of direction, and
the bridges of the Picton Road Interchange that while remote from mining
are within the area where far-field horizontal movements may occur.

Longwall 4 and 5 are included in the assessment area and this subsidence
assessment because:

e Although they were mined under a different regulatory process, they
are nevertheless within the purview of the current mining area and it
is appropriate to assess their impacts in this context.

e The levels of subsidence measured were significantly higher than
predicted using the single seam subsidence prediction methodology
used for the original assessments and therefore reassessment is
considered appropriate.

e The measured subsidence movements and impacts provide a gauge of
the accuracy of the prediction methodology and impact assessments.

SCT Operations Pty Ltd - WCRV4263 - 18 June 2014 Page 5






REPORT: UPDATE OF SUBSIDENCE ASSESSMENT FOR WOLLONGONG COAL PREFERRED PROJECT REPORT
RusseLL VALE No 1 COLLIERY

2.4 Surface Ownership

Figure 3 shows the surface ownership within the PPR Assessment Area.
Most of the area is within the Metropolitan Special Area for Cataract Water
Supply Reservoir. The surface area above the catchment is administered by
the Sydney Catchment Authority (SCA). The stored waters of Cataract
Reservoir are also administered by the Dams Safety Committee (DSC). A
large part of the area to the east of Mount Ousley Road and small areas to
the west are owned by WC. The easement for the Mount Ousley Road and
an area northeast of the Picton Interchange within the Assessment Area is
owned and administered by the Roads and Maritime Services (RMS).
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2.5 Surface Infrastructure

Major infrastructure within the Assessment Area includes the Mount QOusley
Road and four high voltage power lines to the east that cross the area. The
location of this infrastructure is shown on the topographic map in Figure 1.

Mount Ousley Road (recently renamed the M1 Princes Motorway) is a major
four lane highway connecting New South Wales largest and third largest
cities. This road is administered by Roads and Maritime Services (RMS).
The interchange with the Picton Road is located to the south outside the
Assessment Area but within the 1.5km far field assessment area. This
interchange includes a concrete bridge and several drainage culverts.

Mount Ousley Road was constructed as a defence route during 1942 with
duplication of the highway commencing in 1965 reaching Picton Road from
the south in 1979 (0zRoads 2012). A major deviation at Cataract Creek
was opened in 1980. The northbound carriageway on Mount Ousley Road at
Cataract Creek was last resurfaced in 2009 with the surface expected to
last 10-12 years (Vecovski 2012). The southbound carriageway was last
resurfaced in 2003 and resurfacing of this section is expected within 5-6
years.

There are four power transmission lines located within the Assessment
Area, a 330kV transmission line owned and maintained by Transgrid, a 132kV
transmission line located alongside that is owned and maintained by
Endeavour Energy and two 33kV transmission lines and associated
infrastructure owned and maintained by Endeavour Energy. There are also
two more 33kV lines and sub-station infrastructure located outside the
Assessment Area but within or just outside the 1.5km far field assessment
area. One of these line services colliery infrastructure.

There is a telecommunications installation located adjacent to the lllawarra
Escarpment at Brokers Nose. This facility is approximately 980m from the
goaf edge of Longwall 1. The site is outside the PPR Assessment Area but
within the far field assessment area.

2.6 Natural Features

Major natural features and natural resources in the area include the
lllawarra Escarpment and the upper parts of Lake Cataract that forms part
of the Sydney’'s water supply catchment. The lllawarra Escarpment is
located some 800-300m east of proposed Longwall 1 and outside the PPR
Assessment Area but within the far field assessment area. Approximately
one third of the Assessment Area and sections of five longwall panels are
located within the DSC Cataract Notification Area (revised in 2013).

There are numerous natural swamps identified within the Assessment Area.
The nature and distribution of these swamps are described in detail in
associated specialist reports (Biosis 2013).
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There are numerous sandstone cliff formations located within the
Hawkesbury Sandstone outcrop in the PPR Assessment Area. Most of
these are less than Sm high. Some perceptible cracking on hard rock
surfaces is expected to be apparent as a result of the proposed mining.
Minor rock falls are expected on up to 5% of the length of sandstone cliff
formations that are mined directly under. It is noted that there are a
number of rock falls present across the site that can be attributed to
previous mining impacts and others that have occurred naturally.

There are several locations where drainage lines and first order creeks flow
over sandstone outcrops to form waterfalls following periods of heavy rain.
Field inspections conducted since the previous PPR assessment was
prepared have identified the presence of several such features that were not
apparent in original LIDAR surveys used to characterise the cliff formations
because of their small size and the presence of boulders immediately
downstream.

Two of these features are approximately 7m high. However, only the feature
at the downstream edge of CCUS4 is regarded as a semi-permanent
waterfall on a first order watercourse. The others are either located on
drainage lines that have no permanent flow or have been impacted by
previous mining so that water emerges from the base of the rock formation
during periods of low flow rather than flowing over it like a waterfall. Some
impact from previous mining is apparent at each of these rock formations.
Proposed mining is expected to cause further impacts including rock falls and
cracking.

2.7 Heritage Features

Several Aboriginal heritage sites have been identified within the Assessment
Area. These sites are mainly associated with rock shelters in sandstone cliff
formations and grinding groove sites on upland sandstone outcrops. One of
the shelter sites appears to have been impacted by instability of the
associated sandstone overhang either as a result of previous mining in the
Bulli Seam or as a result of tree root invasion and natural erosion
processes.

2.8 Geological Setting

In this section, an overview of the geological setting is presented as context
for the subsidence assessment. The geological setting is described in more
detail in Clark (2013) but several of the key diagrams are reproduced here.

Within the Assessment Area, the strata dip at between 1 in 25 and 1 in 30
to the west-north-west from outcrop on the lllawarra Escarpment.

Figure 4 shows a plan of the geological formations that outcrop at the
surface and the geological structure that exists at the Wongawilli Seam
level and at the surface. Hawkesbury Sandstone is present on the surface
over most of the Assessment Area. The Bald Hill Claystone that underlies
the Hawkesbury Sandstone outcrops in Cataract Creek and its tributaries.
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The Bulgo Sandstone that underlies the Bald Hill Claystone outcrops along
the main channel of Cataract Creek on both sides of Mount Ousley Road.

Figure 5 shows a cross-section through the Assessment Area extending
from south to north in the vicinity of Mount Qusley Road drawn at natural
scale. This section shows how Cataract Creek has cut down through the
stratigraphy near the top of the anticlinal structure (an upward or arch
shaped fold in the geological strata) that exists in this area.

2.8.1 Coal Seams

The three coal seams that have been mined at the colliery are all located
within the lllawarra Coal Measures.

The Bulli Seam is the uppermost of the three seams and averages about
2.2m in thickness across the Assessment Area. Figure 6 shows the layout
of the Bulli Seam workings and the geological structure in the Bulli Seam
(reproduced from Clark 201 3).

The Balgownie Seam is located on average about 10m below the floor of the
Bulli Seam ranging from 5m to 14m across the Assessment Area. Figure 7
shows the layout of the Balgownie Seam workings and the geological
structure in the Balgownie Seam. The Balgownie Seam is approximately
1.2m thick, but anecdotal evidence from miners who worked the seam and
subsidence monitoring indicates that the mining height may have been up to
1.5m on the longwall faces to accommodate the mining equipment. It is
understood the additional height was gained by mining the immediate floor
strata.

The Wongawilli Seam is located approximately 20m below the Balgownie
Seam and ranges in thickness from 7.7m to 11.9m, but the lower 2.6-2.8m
is the best quality. It is this section that is planned to be targeted by
proposed longwall extraction. The development roadways are mined to a
greater height for operational reasons. Figure 8 shows a plan of the
geological structure at the Wongawilli Seam level reproduced from Clark
(2013) and modified to include the Wongawilli Seam floor contours.

The floor of the Wongawili Seam has an elevation of approximately RL
80mAHD at the north eastern corner of Longwall 1 and an elevation of
approximately RL-25mAHD at the north western corner of Longwall 11. The
dip of the seam between these two points is, for practical purposes,
constant.

2.8.2 Geological Structures

The geological structure in each seam is shown in Figures 6-8. The major
geological structures of interest in the area are igneous sills and dykes and
the Corrimal fault. The vertically continuous structures are evident in the
Bulli and Balgownie Seam and in the geomorphology on the surface. The
position of these features is considered to be well defined as a result of the
underground exposures.
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An igneous sill has intruded into the Wongawilli Seam to the north of the
main headings and the coal in this area is cindered and unsuitable to mine. A
sill forms when molten igneous rock is injected under pressure into the host
strata causing it to fracture hydraulically. When the in situ stresses at the
time of injection are such that the lowest stress is vertical, the hydraulic
fracture that forms is oriented horizontally. The injected rock then cools to
form a horizontal layer of intruded rock within the host rock.

Several dykes exist within the Assessment Area with most having a west-
north-west east-south-east orientation. Dykes are the vertical equivalent of
sills and form when the lowest in situ stresses at the time of injection is one
of the horizontal stresses. The resulting hydraulic fracture opens against
this lowest stress cutting across the host strata to form an intrusion that
is vertically and laterally continuous often for many kilometres in length. The
dykes that have formed in the Southern Coalfield are generally less than a
few tens of centimetres thick in the general strata but often increase in
thickness at coal seam level where the in situ stresses are less. Dykes are
usually hard to mine, dilute the coal product, cause damage to the mining
equipment, and tend to be avoided where possible.

The site constraints within the Assessment Area mean that several of the
proposed longwall panels will need to mine through Dyke D8. This dyke has
been previously encountered in the Bulli Seam and Balgownie Seam workings
and its trace is apparent in the geomorphology on the surface indicating
that it is vertically continuous to the surface.

Figure 9 shows a photograph of Dyke D8 at Wongawilli Seam level where it
was intersected on the longwall face at a shallow angle making it appear
thicker than it actually is. Dyke D8 is approximately two metres thick in this
area and fractured. Although the dyke appeared damp at the time of
inspection (21/6/13), the coal seam to either side also appeared similarly
damp. This dampness is considered likely to be a result of dust suppression
water sprays on the longwall shearer. There did not appear to be any
significant seepage flow emanating from the dyke consistent with experience
at almost all other dyke intersections in the Southern Coalfield.

The only major geological fault within the Assessment Area is the Corrimal
Fault (F1) which extends in a north-west south-east orientation in the
southern part of the Assessment Area. This fault was intersected in the
overlying Bulli Seam but the longwall panels in the Balgownie Seam did not
extend far enough south, although some of the headings extended to the
fault and the associated dyke D5. The fault is also apparent in the surface
geomorphology and so its location and characteristics are well defined. The
fault diminishes to the northwest and has become insignificant as a series of
minor features with total displacement of about 1m where it is intersected
by the gateroads for Longwall 6 in the Wongawilli Seam (Cartwright 2014).

Other faults in the general area, the Rixons Pass Fault, the Woonona Fault,
and F2 are remote from the proposed mining and are not considered likely to
affect mining or to be affected in any significant way by the proposed mining.
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Figure 9: Dyke D8 exposed in the face of Longwall 5 on 21 June 2013. (Note this dyke
was intersected at a shallow angle so the dyke appears thicker than it is).

2.8.3 Overburden Depth

Figure 10 shows a plan of the overburden depth to the Wongawilli Seam.
The overburden depth ranges from 250m above Longwalls 2 and 3 in the
northern part below the southern tributary of Cataract Creek through to
390m above the central part of Longwalls 10 and 11.

The overburden depth range for individual longwall panels is shown in Table 1.
The ratios of panel width to depth range from 0.37 to 0.60. In previously
unmined terrain, low levels of subsidence would be expected above each
individual panel with the overall maximum subsidence controlled by elastic
compression of the chain pillars between panels. However, subsidence
monitoring data from the recently mined Longwalls 4 and 5 and from the
Balgownie Seam longwall panels indicates that the presence of overlying mine
workings has the effect of softening the overburden strata so that its
bridging capacity (shear stiffness) is reduced thereby increasing the
maximum subsidence above each individual panel to the higher magnitudes of
subsidence that have been observed. This effect is discussed in more detail
in the following sections.

SCT Operations Pty Ltd - WCRV4263 - 18 June 2014 Page 17






REPORT: UPDATE OF SUBSIDENCE ASSESSMENT FOR WOLLONGONG COAL PREFERRED PROJECT REPORT
RusseLL VALE No 1 COLLIERY

Table 1: Overburden Depth Range

Panel Overburden .
Longwall . Width on
Pagnel Lol A G Depth Ratio
(m) (m)

1 131 255-320 0.41-0.51

2 125 255-330 0.37-0.49

3 150 250-340 0.44-0.60

4 150 300-360 0.42-0.50

5 150 265-345 0.43-0.57

5] 150 270-345 0.43-0.55

7 131 270-340 0.39-0.49

9 150 330-380 0.39-0.45

10 150 335-390 0.38-0.45

11 150 350-385 0.39-0.43

3. PREVIOUS MINING ACTIVITY

A unique characteristic of the PPR Assessment Area is the presence of
previous mining activity in two other seams in geometries that are unrelated
to proposed mining in the third seam. Figure 11 and Figures 6-8 show the
extent of previous mining in the Bulli Seam and Balgownie Seam within the
PPR Assessment Area.

This previous mining provides a number of opportunities that are not usually
available in single seam mining applications but also brings a number of
differences as well. Geological structure and seam contour are much better
known as a result of previous mining activity than would normally be possible
for single seam mining.

Previous mining activity provides an opportunity to examine the mining
impacts over timeframes of 50-100 years for the Bulli Seam and 30-40 year
for the Balgownie Seam mining. The subsidence movements associated with
the earlier mining have been estimated for the Bulli Seam and measured for
the Balgownie Seam providing a baseline of impact experience and recovery
that is not typically available.

The ongoing nature of the mining operation at NRE No 1 Colliery provides the
opportunity to inspect the mine workings in the Bulli Seam and the
Balgownie Seam to better understand the nature of the potential
interactions between seams and the potential for pillar instability particularly
in the Bulli Seam to cause unexpected additional subsidence. In preparation
for this report, a site visit was made on 21 June 2013 to inspect the
workings in all three seams.

Subsidence monitoring data available from mining in the Balgownie Seam and
more recently from two longwall panels in the Wongawilli Seam is available
and this provides a basis for predicting future subsidence behaviour. This
data indicates that while there are some significant differences in behaviour
compared to single seam mining, the multi-seam behaviour is predictable and
occurs predominantly within the bounds of the panel being mined and the
chain pillar to the previous panel. This data and observations of previous
impacts indicate that the impacts of future mining are likely to be similar in
nature to the impacts that have already occurred.
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The available subsidence monitoring data indicates that there is some
softening of the goaf edge subsidence in areas where overlying seams have
been mined but the effect is a second order effect and of relatively little
significance in terms of subsidence impacts.

3.1 Bulli Seam Workings and Associated Subsidence

The Bulli Seam was mined initially using hand bord and pillar mining
techniques from the 1890’'s through until pillar extraction became possible
with improvements in mining technique and the arrival of mechanised mining.
Some of the standing pillars associated with the main headings and original
mining areas were extracted during the later stages of retreat. Mining in
the Bulli Seam within the PPR Assessment Area had effectively finished by
the 1950’'s. Areas of pillar extraction in Corrimal Colliery immediately to the
south are also included in the estimation of subsidence from the Bulli Seam
because they fall within the Assessment Area.

There are no known records of subsidence monitoring for the period of mining
in the Bulli Seam. However, it is possible to estimate the levels of
subsidence that are likely to have occurred given the geometry of the panels
mined and estimating the likely extraction ratios.

Figure 12 shows contours of the surface subsidence interpreted as being
caused by pillar extraction operations in the Bulli Seam. This subsidence has
been estimated based on subsidence monitoring results and subsidence
profiles from mining in the Bulli Seam further to the west above the T and W
(200 and 300 series) longwall panels at South Bulli and subsequent pillar
extraction operations.

An underground site inspection conducted on 21 June 2013 showed that
there are existing bord and pillar workings alongside the Bulli Seam main
headings that are likely to be destabilised if mined directly under in the
Wongawilli Seam.  Similar workings were directly mined under by the
Balgownie Seam longwall panels and it is clear from the underground
inspection that these overlying pillars were destabilised in the area directly
above the Balgownie Seam longwall goaf as shown in Figure 13. There did
not appear to be any evidence that the footprint of instability extended
significantly beyond the footprint of the underlying goaf, but it is considered
possible that this potential may exist in some places where there are
localised areas of standing pillars.

Where large areas have been shaded (cross-hatched) to represent the
completion of mining, the detail of the Bulli Seam extraction is not available.
These areas are likely to include different levels of mining ranging from solid
coal, large standing pillars, standing pillars associated with Welsh bords, and
goaf areas where there has been pillar extraction or the pillars have
previously collapsed.

The downward movements that occurred during Balgownie Seam mining and
were observed on the surface as subsidence provide a basis to differentiate
these shaded areas where they have been directly mined under by the
Balgownie Seam longwall panels. Small pillars that have been mined under by
the Balgownie Seam longwall panels are considered to have almast certainly

SCT Operations Pty Ltd - WCRV4263 - 18 June 2014 Page 21









REPORT: UPDATE OF SUBSIDENCE ASSESSMENT FOR WOLLONGONG COAL PREFERRED PROJECT REPORT
RusseLL VALE No 1 COLLIERY

been destabilised during the 1-1.5m downward movement that would have
occurred as the pillars were mined under. Subsidence monitoring above the
Balgownie Seam longwall panels shows areas where there has been some
additional subsidence consistent with pillar instability, areas where there
has been additional consalidation of an existing Bulli Seam goaf, and areas
where there has been either no mining in the Bulli Seam or the Bulli Seam
pillars are large enough to behave like solid coal.

The Bulli Seam subsidence estimates shown in Figure 12 include refinements
based on the ground behaviour observed during longwall mining in the
Balgownie Seam. Although it is not possible to interpret the characteristics
of some of the other large Bulli Seam goaf areas that have not been directly
mined under in the Balgownie Seam, these other large goaf areas are remote
from the areas where the PPR longwall panels are proposed.

The detail of the Bulli Seam pillars is available in some areas close to the
main headings as shown in Figure 13. The site visit to this area indicated
that additional subsidence due to pillar instability would be possible in the
area shown if Longwall 1 was extended to its full length although surface
subsidence may be relatively small given the narrowness of the panel at an
overburden depth of 270m. Any additional subsidence would have potential
to impact on pylons on the two 33kV power transmission lines and this
potential is addressed in the impact assessment for these structures.

The issue of a “pillar run” in the Bulli Seam was raised in the Pt3A
submissions. As indicated above, there is considered to be potential for a
classical “pillar run” associated with pillar instabhility, but the geometries in
the Bulli Seam and the evidence from previous mining in the Balgownie Seam
make it unlikely that such an event would extend more than a few hundred
metres from the goaf edge (i.e. the extent of the panel of standing pillars).
The subsidence from such an event would be limited to low levels of less than
a few hundred millimetres maximum due to the narrow panel width of
standing pillars small enough to be destabilised and would be limited to only
those areas where there are small standing pillars that have not previously
been mined under in the Balgownie Seam.

The terms “pillar run” and “pillar creep” have been used in some of the
submissions to describe the phenomenon that is perhaps better described
as “stress redistribution” because of the relatively smaller ground
movements involved, typically less than 100mm. As one area is subsided,
pillars become more heavily loaded, and compress slightly causing lateral
migration of low level subsidence movements well beyond the limits of
subsidence normally associated with single seam mining. This phenomenon is
particularly common where panels are relatively narrow compared with
overburden depth and surface subsidence is controlled mainly by elastic
compression of the pillars between panels.

A similar process can also occur for horizontal movements as horizontal
stresses are redistributed and dilation of subsiding strata causes horizontal
movement in a downslope direction. Again the ground movements tend to be
small second order movements that may cause perceptible low level cracking
on hard surfaces such as sealed roads especially adjacent to topographic
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high points, but such movements are usually not significant because they
tend to be of small magnitude and occur over large areas.

3.2 Balgownie Seam Workings and Associated Subsidence

Figure 7 shows the extent of the Balgownie Seam workings. There are
eleven longwall panels extending to the south of the main headings. Apart
from development headings, the remaining coal was recovered from three
small areas of pillar extraction in the east and more recently as a panel of
pillars formed up as first workings against the sill in the north.

Longwall mining in the Balgownie Seam started in September 1870 at
Longwall 1 and finished on 27 May 1982 at Longwall 11. The first six panels
were located east of the current Mount Ousley Road alignment and ranged in
width from 141m to 145m. The last five panels were located west of Mount
Ousley Road and ranged in width from 185m to 188m. These later panels
were split into two parts either side of the D8 Dyke. These longwalls mined
directly below the road alignment.

3.2.1 Vertical Subsidence

Surface subsidence was monitored along the centreline of each of the eleven
longwall panels and on three cross-lines. The vertical subsidence was
monitored at regular intervals during panel retreat above the initial panels
and less freqguently during mining of the last few panels. Surface strains
were also measured during the last panel.

Figure 14 shows an example of the subsidence measured on the second
cross-line that extends from the centre of Longwall 5 to the solid coal west
of Longwall 11. The characteristics of the subsidence measured that are of
relevance to this assessment are:

e The chain pillars are clearly evident in the subsidence profile with 0.5m
to 0.75m of subsidence directly over these pillars.

o (Coal left in the Balgownie Seam around the dyke is clearly evident as
reduced surface subsidence.

¢ The maximum sag subsidence in the centre of each panel is reduced in
areas where the panels are narrower (0.2m in narrow panels
compared to 0.5m above the wide panels).

« The sag subsidence is more in areas where the Bulli Seam has been
extracted.

e The subsidence is greatest (1.42m) over Longwall 10 in an area on
the fringe of Bulli Seam goaf where full subsidence during mining of the
Bulli Seam was prevented by the presence of solid abutment coal or
marginally stable pillars were destabilised.

e Surface subsidence occurred primarily within the geometry of the
Balgownie Seam longwall panels.

SCT Operations Pty Ltd - WCRV4263 - 18 June 2014 Page 25



SCT Operations Pty Ltd

WCRV4263

18 June 2014

Page

24



REPORT: UPDATE OF SUBSIDENCE ASSESSMENT FOR WOLLONGONG COAL PREFERRED PROJECT REPORT
RusseLL VALE No 1 COLLIERY

e The goaf edge subsidence is greater and extends further when there
is overlying Bulli goaf, but this effect is a second order effect.

These different characteristic behaviours have been considered for each of
the subsidence lines and the maximum subsidence observed is able to be
used to characterise the condition of the Bulli Seam goaf above.

Figure 15 shows the maximum subsidence observed for each of the longwall
panels. The different areas can be divided up as shown in Table 2 based on
where there are pillars and goaf in the two seams.

Table 2: Subsidence Observed in Different Conditions

Bulli Seam Bulli Seam Unstable Bulli
Pillars Goaf Pillars
Balgownie Seam Pillars Low level subsidence (<0.2m) 0.6-0.8m Low level (<0.2m)
Balgownie Seam Goaf 0.6-0.8m 1.0-1.2m 1.4m

In areas where there are Balgownie chain pillars and pillars in the Bulli Seam,
the subsidence directly over the chain pillars is less than 0.2m. In areas
where there are pillars in one seam and extraction in the other seam,
surface subsidence is between 0.6m and 0.8m. Where there has been
extraction in both seams, the maximum incremental subsidence is in the
range 1.0m to 1.2m - i.e. approaching 80% of the nominal mining height of
the second seam mind.

In areas where there is clearly potential for either latent subsidence because
the Bulli Seam goaf is narrow and bridging (such as the zone of high
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subsidence associated with mining Longwall 11 in the Balgownie Seam) or
along a goaf edge where full subsidence has not been able to develop during
mining the first seam (such as the high subsidence zone associated with
mining Longwall 10 in the Balgownie Seam), the incremental subsidence
reaches 1.4m and is of the order of 100% of the mining height of the second
seam mined.

The 1.4m of subsidence observed in these circumstances is likely to have a
component of destabhilisation of standing pillars in the Bulli Seam caused by
mining in the Balgownie Seam. Up to O0.7m of subsidence would be expected
from mining below pillars in the Bulli Seam plus an additional 0.8m
subsidence in the Bulli Seam of about 30% of the 2.2m mining height given
an extraction ratio of about 30%. The total subsidence would therefore be
about 1.5m and of the same magnitude as the subsidence observed.

Figure 16 shows the subsidence measured during mining the Balgownie
Seam based on interpolation of the subsidence monitoring data. This data
represents the incremental subsidence associated with mining the
Balgownie Seam given that all the Bulli Seam subsidence had already
occurred prior to the subsidence pegs being installed.

Maximum subsidence is 1.42m and 1.33m over Longwalls 10 and 11
respectively but in most of the areas, subsidence over the longwall goafs is
in the range 0.6m to 1.2m.

3.2.2 Horizontal Strains and Tilts

Maximum strains measured over Longwall 11 ranged from 3-4mm/m along
the panel to peaks of 14mm/m in compression across the topographic low
point of Cataract Creek and 9mm/m in tension on the slope beyond. For the
maximum subsidence of 1.4m and an overburden depth to the Balgownie
Seam of 260m at this location, the strain peaks measured indicate a
relationship between maximum strain and maximum subsidence of:

Erax = 500 S, / D for systematic strains and

E.ox = 1500-2500 S,/ D for non-systematic strains associated with
valley closure and steep topography.

These compare reasonably with the peak strain subsidence relationships
presented by Holla and Barclay (2000) for the Southern Coalfield which
indicate:

Emax tensile = 1500 8max / D
Emax compressive 8000 8max / D
Tilt,,,., = 5000 S,,, /D

for peak strains and tilts that include non-systematic strains and tilts
associated with valley closure and steep topography. The peak compressive
strains tend to be apparent in topographic low points and the tensile strains
tend to be more apparent at the start of panels in ground sloping in the
same direction as mining, and along topographic high points such as ridges.
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Table 3: Comparison of Measured and Calculated Upsidence

Balgownie Distance Incremental Overburden Maximum Calculated
Longwall from Upsidence Depth Subsidence | Upsidence
Panel End of Panel Indicated (m) (m) for each

(m) (mm) panel
(positive over | (not necessarily individually
goaf) peak) (mm)
3 170 130 230 1.1 70
4 30 210 230 1.1 100
5 0 80 230 0.8 100
6 -75 30 240 0.8 120
8 -106 80 240 0.9 130
9 -30 120 250 0.9 110
10 20 100 260 0.9 100
11 116 100 260 1.4 90

3.2.3 Valley Closure and Upsidence

The 14mm/m compressive strain peak measured across Cataract Creek on
the centreline of Longwall 11 was measured between pegs spaced 18m
apart. Compressive strain of 4mm/m was measured between the next two
pegs spaced 15m apart. These measurements imply a total closure across
the creek of about 310mm.

The ACARP method for estimating valley closure developed by Waddington
and Kay (2002) indicates the incremental valley closure for Longwall 11 as
being of the order of 200-300mm and is therefore consistent with the
closure measured during mining of Longwall 11. The agreement is relatively
close between measured and calculated even though the geometry
associated with the short longwall panels is irregular and well outside the
database of experience on which the ACARP method is based.

Valley closure at other locations is also evident as upsidence in the
subsidence profiles that extend across Cataract Creek. Table 3 summarises
the upsidence measured as well as the incremental upsidence calculated for
each longwall panel to allow direct comparison with the upsidence measured
for each longwall panel during mining of that panel.

Upsidence measurements shown in Table 3 are made at the peg locations.
The pegs are 15-20m apart while the upsidence tends to peak over a
distance of only a few metres. The location of the pegs may not necessarily
coincide with the peak upsidence, so the measured upsidence is considered
to be a lower bound estimate of the maximum upsidence that occurred. The
measurements made during mining of the Balgownie Seam longwall panels
indicate that Cataract Creek has already sustained upsidence in the range
100-200mm from this mining with some additional upsidence likely to have
occurred during mining in the Bulli Seam.

The ACARP method for estimating upsidence for single seam mining
operations indicates upsidence and valley closure that are consistent with
the values measured. This method appears likely to still be relevant for
estimating upper bound upsidence and valley closure for future mining
activity in the Wongawilli Seam even in a multi-seam mining environment.
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3.2.4 Total Cumulative Subsidence

Figure 17 shows the total cumulative subsidence estimated by adding
together the estimated subsidence from the Bulli Seam and the measured
subsidence from the Balgownie Seam using Surfer and a 10m by 10m grid
spacing. The locations of surface features that have or may have been
impacted by subsidence from this previous mining are also shown. The
proposed and previously mined longwall panels in the Wongawilli Seam are
also shown for reference purposes.

The total cumulative subsidence associated with mining both the Bulli Seam
and Balgownie Seam is an estimate because the Bulli Seam subsidence was
not measured. The total subsidence is nevertheless useful as an indicator of
maximum subsidence when interpreting subsidence impacts from previous
mining activity.

Maximum cumulative subsidence is approximately 1.9m in the area above
Longwalls 7 and 8 in the Balgownie Seam just to the west of the Mount
Ousley alignment on the slope to the south of Cataract Creek. More
generally the cumulative subsidence is in the range 0.3-1.3m.

3.3 Historical Mining Impacts

While it is not possible to completely separate the impacts from previous
mining in the Bulli Seam from the impacts associated with previous mining in
the Balgownie Seam in areas where both have been mined, it is nevertheless
helpful to review the impacts that have occurred previously as a basis for
estimating the likely impacts of future mining.

These impacts are most evident as rock falls and surface cracking on hard
rock surfaces and changes in the character of stream channels such as
upsidence cracking, iron staining, and sediment infilling in areas where the
stream bed has been subsided. Other features where evidence of impacts is
not so apparent include Mount QOusley Road, the power transmission lines,
and natural features such as swamps and other vegetation.

3.3.1 Surface Cracks

Surface cracking is documented on subsidence plans prepared during and
after mining of the Balgownie Seam longwall panels. The cracks reported are
mainly located near the start of Longwall 3 in the open terrain of the power
transmission line easement.

These cracks are located near the start of the longwall panel on a
topographic ridge in an area where the combination of systematic horizontal
movements at the start of the panel and horizontal movements in a
downslope direction would be expected and are commonly observed. Similar
cracks are likely to have occurred at other locations but most of these would
be in bushland locations where they would be difficult to detect.

For instance, a linear depression opened up near the southern corner of
Longwall 4 in the Wongawilli Seam during mining of Longwall 5. This
depression is considered to be associated with subsidence cracking. The
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depression and associated crack are located in an area where the goaf edges
in all three seams are superimposed. The area is also near the top of the
ridge between Cataract Creek and Cataract River where horizontal ground
movements are expected to concentrate surface cracks. The ground
displacement indicated by this crack is of the order of 700mm but
subsidence monitoring indicates that only a small part of this movement
occurred during recent mining of Longwall 5 when the crack was first
noticed. The implication of these measurements is that the crack developed
during previous mining but was disguised below the soil and had been
substantially infilled by soil material over the period since it formed.

Inspections conducted in association with cracking on the Mount Qusley
Road show that there are a series of tension cracks and minor sinkholes
evident along the northern side of the ridgeline between Cataract River and
Cataract Creek. These cracks are locally aligned with the direction of one of
the principal joint directions in the Hawkesbury Sandstone

3.3.2 Rock Falls

An inspection of cliff formations across the PPR Assessment Area
conducted during the original subsidence assessment program informed by
LiDAR interpretation indicated that there are several rock falls that are
considered to be attributable to mining subsidence from both Bulli Seam and
Balgownie Seam mining activity. These rock falls are small in volume and are
barely discernable from natural rock falls that have occurred in the general
area over the period since mining was completed.

A recent inspection of sandstone cliff formations on the southern side of
Cataract Creek indicated the presence of several rock falls and subsidence
cracks associated with previous mining.

A sandstone formation immediately downstream of CCUS4 showed evidence
of previous mining impacts in the form of cracking and a section of
overhanging cliff that had toppled over. The nature of the fracturing is
consistent with mining induced subsidence from the Balgownie Seam longwall
panels.

A length of cliff formation associated with archaeological site 52-2-3941
appears to have been subjected to fracturing and resultant rock falls which
are likely to have been caused by subsidence associated with mining activity
in the Bulli Seam. The nature of the fracturing and the age of the rock
weathering appear consistent with the rock fall having occurred many
decades ago.

A small rock fall of only a few cubic metres of material was also observed
above Longwall 10 in the Balgownie Seam. The rock fall is located at the
head of a small gully where the horizontal compression movements have been
concentrated as the strata has subsided.
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A rock fall located over the proposed Longwall 11 in the Wongawilli Seam
was observed during a recent surface inspection. This rock fall involving
several tens of cubic metres appears to have occurred from natural causes
over the last few years. The site is remote from recent mining activity and
there is evidence of tree root invasion at the back of the fall.

There are numerous examples of much older natural rock falls along the
slopes below most of the cliff formations. These isolated boulders are
consistent with the natural processes of eraosion. Similar boulders are
observed in areas where there has been no mining.

3.3.3 Iron Staining

Water rich in iron is observed to be flowing into several watercourses from
the base of the sandstone cliff formations at several locations on the slopes
above the southern side of Cataract Creek. These watercourses are dry
upstream of the sandstone outcrop and show signs of iron staining
downstream of the point where water flows from the strata into the creek.

This phenomenon is consistent with horizontal shear movement at the base
of the Hawkesbury Sandstone outcrop caused by mining subsidence. The
sandstone strata that is fractured, both naturally and as a result of mining
subsidence, appears to be acting as a sub-surface reservoir that delivers
water into watercourses downstream of the outcrop of the shear horizon
even when there is no overland flow from upstream.

More intense iron staining observed during site inspections appears likely to
be a result of recent mining in the Wongawilli Seam.

3.3.4 Cataract Creek

Subsidence monitoring above Longwall 11 in the Balgownie Seam indicates
that Cataract Creek was subsided by more than 0.4m over a 400m length of
the creek with maximum subsidence of 1.3m over about 40m. The same
length of creek is also estimated to have been subsided 0.2-0.4m during
mining in the Bulli Seam.

Inspection of the bed of Cataract Creek indicates that there is almost no
physical disturbance to the rock strata in the bed of the creek that is
attributable to mining activity despite the indicated closure of 310mm. This
level of closure would typically be apparent as surface cracking in
Hawkesbury Sandstone strata.

Geological mapping presented in Figure 4 indicates that this section of the
creek is located in outcrop of the Bald Hill Claystone and Newport/Garie
Formations immediately below it. The presence of the Bald Hill Claystone is
considered likely to have contributed to the lack of physical disturbance
evident in the bed of Cataract Creek.
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The presence of iron staining in the water of Cataract Creek is consistent
with previous mining activity in the area causing disturbance to the overlying
Hawkesbury Sandstone. Recent mining of Longwall 4 in the Wongawilli Seam
appears to have increased the level of iron rich precipitate in the tributary
leading down from the area above Longwall 4.

3.3.4 Power Transmission Towers

The power transmission towers T56 (on the 330kV line) and E57 (on the
132kV line) are located 100m and 200m respectively from the area of
cracking at the start of Longwall 3 in the Wongawilli Seam and directly over
Longwall 3 in the Balgownie Seam where there has been 1-1.2m of
subsidence. The tower locations are noted on subsidence plans as T56 and
T52 so it appears that they had been constructed prior to mining Longwall 3
in 1975. These towers do not appear to have been significantly impacted by
previous mining and there does not appear to have been any mitigation or
remediation.

3.3.5 Mount Ousley Road

The construction of the Mount Ousley Road on its current alignment appears
to have taken place after mining directly below the alignment in the Bulli
Seam and Balgownie Seams was complete. Bulli Seam mining was
complete in the 1950’s and by 19739 mining in the Balgownie Seam had
progressed to Longwall 9 well to the west of the alignment.

There does not appear to have been any significant impact of historical
mining on the operation of the highway despite up to approximately 1.0m of
subsidence from Longwall 7 measured from 1876 to 1978 directly below the
road alignment. The Cataract deviation was opened in 1980. Although
recent mining in the Wongawilli Seam has caused minor cracking on the hard
surface of the Mount Ousley Road that coincides with the goaf edges of
previous mining activity in the Bulli and Balgownie Seams suggesting the
possibility of remabilising pre-existing subsidence cracks.

q, SuBSIDENCE PREDICTION METHODOLOGY

In this section, the subsidence monitoring from Longwalls 4 and 5 in the
Wongawilli Seam is reviewed as a basis for predicting future subsidence
behaviour. The subsidence prediction methodology is described and the
accuracy and sensitivity of the method are examined.

4.1 Review of Mining in the Wongawilli Seam

Two longwall panels have so far been mined in the Wongawilli Seam, both
creating voids at the mining horizon that are 150m wide. Longwall 4 was
extracted between 21 April and 21 September 2012. Longwall 5 was
extracted between 15 January 2013 and early January 2014 although the
panel was substantially complete by 18 December 2013.
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The subsidence monitoring associated with the mining of these two panels
provides insight into the incremental subsidence behaviour when multiple
seams have already been mined, the magnitude of subsidence movements,
and the nature of surface impacts. In this section, the results of recent
subsidence monitoring in Longwalls 4 and 5 are reviewed.

It is convenient to discuss the surface subsidence as comprising two
components. These two components are described in detail in Mills (1998).

The first component, called sag subsidence, is the subsidence that results
from the overburden strata draping down into the void created by each
longwall panel. Sag subsidence increases with increasing panel width up to a
maximum at a distance referred to as critical width. Sag subsidence also
increases as the overburden depth reduces, as the thickness of the coal
seam mined increases, and with the presence of previous mining activity in
the overlying seams. Sag subsidence is a measure of the capacity of the
overburden strata to bridge across each longwall panel and in wide panels
the vertical support able to be provided by the extracted goaf.

The second component, called strata compression subsidence, is the
subsidence that results from compression of the chain pillar between panels
and the rock strata above and below the chain pillar. The total strata
compression is seen on the surface as subsidence. The increased load on
rock strata above and below the chain pillar contributes almost all of the
compression subsidence with compression of coal in the chain pillar
contributing only a relatively small proportion of the total.

Strata compression subsidence increases with depth from less than 100mm
when the overburden depth is less than 100m to 600-800mm at an
overburden depth of 400m. Strata compression subsidence is function of
the compression of the strata between panels and is largely independent of
the sag subsidence and the capacity of the strata to bridge across each
panel.

4.1.1 Vertical Subsidence

Figure 18 shows a summary of the results of subsidence monitoring over
Longwall 4 and 5 on the two centreline subsidence lines and three cross-
lines, including one short line, M Line, located across the chain pillar to
measure strata compression above the chain pillar.

At the completion of Longwall 4, the maximum subsidence in the centre of
the panel was 1.3m and this represents the sag subsidence for a single
panel 150m wide and about 340m deep. When Longwall 5 had finished,
centreline subsidence ranged from 1.1-1.8m and the centreline subsidence
on Longwall 4 had increased to 1.6-1.8m consistent with strata
compression at the intermediate chain pillar.  Subsidence monitoring on M
Line indicated that the total elastic chain pillar compression was
approximately 0.7m based on superposition of the subsidence measured on
M Line during Longwall 5 and goaf edge monitoring observed during mining of
Longwall 4.

SCT Operations Pty Ltd - WCRV4263 - 18 June 2014 Page 36


















REPORT: UPDATE OF SUBSIDENCE ASSESSMENT FOR WOLLONGONG COAL PREFERRED PROJECT REPORT
RusseLL VALE No 1 COLLIERY

The increase in Longwall 4 centreline subsidence from 1.3m at the
completion of Longwall 4 to 1.7m when Longwall 5 had been substantially
mined is consistent with strata compression above the chain pillar between
the panels of about 0.8m causing the surface above one side of the panel to
be lowered 0.8m and the surface above the centre of Longwall 4 to be
lowered a further 0.4m. There has been no significant increase in sag
subsidence over Longwall 4 as a result of mining Longwall 5. The additional
subsidence is due to strata compression above the chain pillar between
Longwalls 4 and 5.

The sag subsidence above Longwall 5 is of a similar magnitude to the sag
subsidence above Longwall 4 although this does not show on the two cross-
lines, SX and NX, because SX is too close to the end of the panel for full
subsidence to develop and NX is located near the dyke pillar in the Balgownie
Seam where subsidence is reduced. The presence of the full 1.8m of
subsidence above Longwall 5 is apparent on the longitudinal 500 Line.

Figure 19 shows the sag subsidence plotted as a function of the panel width
for Longwalls 4 and 5 and the sag subsidence that is commonly observed in
undisturbed strata for a broad range of panel width to overburden depth
ratios. Longwall 4 is mined in an area where there is both Bulli Seam goaf
and Balgownie Seam goaf above most of the panel. Longwall 5 is mined in an
area where there are Bulli Seam main heading pillars that have been partly
mined and Balgownie Seam longwall goaf that has been completely extracted.
The difference in disturbance to the overburden strata is clearly evident in
the sag subsidence results plotted in Figure 19.

Above Longwall 5 where the Balgownie Seam has been fully extracted, the
sag subsidence is significantly more than the sag subsidence that would be
expected in previously undisturbed strata. Above Longwall 4, the Bulli Seam
has also been mined, the sag subsidence is greater again consistent with
the additional mining in the overlying Bulli Seam and the greater disturbance
to the overburden strata that mining in both overlying seams has caused.

In narrow panels that depend on the overburden bridging to reduce the
magnitude of surface subsidence as was the intention in the original Pt3A
application, this reduction in the bridging capacity of the overburden strata
has a profound effect on the maximum subsidence observed at the surface.

Another way to visualise the reduction in bridging capacity of overburden
strata is through the goaf edge subsidence profiles. Figure 20 shows the
range of goaf edge subsidence profiles observed in undisturbed strata
compared to when one seam and two seams have been mined. These profiles
show that as the number of seams mined increases and the disturbance to
the overburden strata increases, the shear stiffness and rigidity of the
overburden strata decreases.
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The profiles in Figure 20 show that the sag subsidence behaviour above
multiple goafs is consistent with subsidence behaviour observed over panels
in single seam mining operations except that the shear stiffness or rigidity
of the overburden strata is greatly diminished as a result of the previous
mining activity. The reduced shear stiffness leads to reduced bridging
capacity of the overburden strata and significantly increased maximum
subsidence for the same overburden depth and longwall panel geometry.

In previously undisturbed overburden strata, the maximum subsidence above
a 150m wide longwall panel at 300-360m would be of the order of 0.1-0.3m
and barely perceptible for all practical purposes. The measured maximum
sag subsidence has been 1.3m because softening of the overburden strata
by previous mining has significantly increased the sag subsidence.

This phenomenon was also apparent in the Balgownie Seam longwall panels
located below Bulli goaf compared to when the longwall panels were mined
below solid pillars as summarised in Table 2 above.

Strata compression subsidence of 0.6-0.8m observed above the 60m wide
chain pillar between Longwalls 4 and 5 is consistent with the level of strata
compression subsidence that would be expected for the panel geometries at
an overburden depth of 340m.

A significant characteristic of the subsidence observed over Longwalls 4 and
5 is that the additional sag subsidence caused by mining panels in the
deeper seams is substantially limited to within the footprint of the panel,
much the same as for single seam mining operations. This characteristic is
clearly apparent despite the presence of an irregular overlying mining
geometry. In some areas above Longwalls 4 and 5, there are overlying goafs
in both seams, in others just one seam and not the other, and in other
areas there are standing pillars. And yet, in all three circumstances, the
surface subsidence is substantially limited to within the area that has been
mined.

The form of the cross-panel subsidence profiles indicates that maximum
subsidence in the centre of each panel is not being controlled by
recompression of the strata directly above the longwall goaf but rather by
the disturbance to the overburden strata from previous mining affecting the
ability of the overburden strata to bridge.

There are subtle variations outside the goaf edge associated with previous
mining in the overlying seams. More gradual subsidence profiles and greater
goaf edge subsidence are evident where there are goaf areas in both the
Bulli and Balgownie Seams as can be seen in Figure 21. Where there are
goaf areas directly above the goaf edge in only one of the overlying seams,
the subsidence profile is sharper and shows less subsidence outside the
goaf. When there are no overlying goaf areas, the subsidence profile is
sharpest and the subsidence profile beyond the goaf edge is the same as for
single seam mining geometries.
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In areas where there are small standing pillars in the Bulli Seam above the
goaf edge, there exists the possibility that mining in the Wongawilli Seam
below will cause these pillars to be destabilised. |If the pillars were
destabilised, the resulting subsidence from the pillar destabilisation could
then extend outside the Wongawilli Seam goaf edge to the edge of the
overlying pillar panel in the Bulli Seam.

There has been no evidence of this type of behaviour so far from longwall
mining in the Wongawilli Seam or in the Balgownie Seam but there is
considered to be some opportunity for additional subsidence during mining of
Longwall 1. A panel of Welsh bords was visited during the site inspection on
21 June 2012 in an area of the Bulli Seam immediately above and to the
northeast of the end of Longwall 1 as shown in Figure 13.

If this area of pillars were to be destabilised, there would be potential for the
surface subsidence to extend some 100m to the northeast of the panel and
up to 300m east of the eastern corner of Longwall 1, but this subsidence
would only occur if Longwall 1 was mined full length and the pillars in the Bulli
Seam were destabilised. Maximum additional subsidence of a few hundred
millimetres would be expected as a result of this instability. Special
consideration is required in this area to manage this potential.

4.1.2 Extent of Vertical Subsidence Outside the Panel

Survey measurements conducted along the edge of the northbound lane of
Mount QOusley Road have measured the influence of multi-seam mining based
on the distance from the goaf edge providing evidence that vertical
subsidence diminishes to low levels a short distance beyond the goaf edge.
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Figure 22 shows a summary of the vertical subsidence measured along
Mount Ousley Road during mining of Longwall 4 and the timing of the
subsidence that developed at key points. The projections of adjacent goaf
areas in the Bulli, Balgownie, and Wongawilli Seams are also shown. The
subsidence observed is of low level reaching a maximum of approximately
40mm at the projected centre of Longwall 4 some 180m from the goaf edge
at an overburden depth of 350m.

These measurements indicate the angle of draw to 20mm of subsidence is
greater than 26.5° consistent with experience elsewhere in the Southern
Coalfield at this overburden depth. At the projection of the north-eastern
corner of Longwall 4 where both the Bulli Seam and the Balgownie Seam
have been mined, subsidence at 230m from the goaf corner is 20mm at
320m deep indicates the angle of draw to 20mm off the corner of the panel
is equal to 35°. At the south-eastern corner of Longwall 4, where the
Balgownie Seam has not been mined but there are areas of mining in the
Bulli Seam, the 14mm of subsidence at 225m at 360m overburden depth
indicates an angle of draw off the corner of the panel of less than 32°. There
does not appear to be any evidence of significant vertical subsidence outside
the panel being mined associated with any type of pillar instability.

Other cross line measurements indicate the vertical subsidence is 50mm at
between 20m and 100m from the goaf edge.

On the basis of these measurements, the angle of draw to 20mm of
subsidence is considered likely to be slightly greater than 35° in areas where
both overlying seams have been mined and slightly less than 35° where only
one overlying seam has been mined. The angle of draw is therefore not
significantly different to the angle of draw that would be expected for mining
in a single seam at similar overburden depths. |If pillar instability were to
occur near the edge of a Wongawilli Seam longwall panel, it is possible that
that low level subsidence may extend outside the panel edge and potentially
increase the angle of draw slightly. However, the impact of any such
increase is expected to be small.

4.1.3 Far-Field Horizontal Movements

There are several sources of far-field horizontal subsidence measurements
available from mining Longwalls 4 and 5. The Mount Ousley Road P Line and
Picton Road Interchange provide measurements of horizontal movements
based on three dimensional GPS controlled surveying and the closure
measurements across Cataract Creek provide an indication of the horizontal
movement in the middle distance. Observations of cracks on Mount Ousley
Road provide an indication of the horizontal distance that changes potentially
associated with mining have been ocbserved.

The GPS controlled surveying does not show any convincing evidence of far-
field horizontal movements. The survey tolerance of the systems being used
is +20mm. The monitoring at Picton Road Interchange is approximately
1300m from the southern end of Longwall 4 and there is no evidence that
there has been any differential or even total movement at the interchange
associated with mining Longwalls 4 and 5.
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Figure 23 shows the closure measurements on Cataract Creek observed
during mining of Longwall 5. Closure measurements across Cataract Creek
first became evident at three of the four measurement points when Longwall
5 was approximately 450m from the finishing end of the panel (i.e. at
longwall chainage CH400m). The longwall face at this position was
approximately 320m from CC4, 420m from CC2, 530m from CC1, and 700m
from CC3.

At Cataract Creek where the measurement points are located, the
overburden depth to the Wongawilli Seam is approximately 280m, so the
horizontal closure movements have been observed out to a distance from the
goaf edge equal to between 1.1 and 2.9 times depth.

The closure measured on the Cataract Creek closure lines has steadily
increased as Longwall 5 has continued to retreat. These measurements
indicate that far-field downslope movements have been evident to a distance
of up to about 450m from the approaching longwall panel but increase
linearly with longwall retreat so that the longwall retreat required to
generate a set amount of closure can be estimated with confidence.

Relatively fresh cracks that have appeared on Mount Ousley Road at P24 and
P25 are approximately 500m from the southern end of Longwall 4 at an
overburden depth of about 360m, so there is some evidence of small
horizontal movements to a distance of about 1.4 times overburden depth.

Small far-field movements are evident from the longwall mining conducted so
far in the PPR Assessment Area but these movements are of low magnitude
and decrease with distance from mining.
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4.2 Subsidence Prediction Methodology

The subsidence prediction methodology used in this assessment is based on
consideration of the mechanics of the subsidence processes involved,
particularly the differences between the two components of subsidence, sag
subsidence and strata compression subsidence and using measured
subsidence profiles to characterise the subsidence behaviour and provide a
basis for prediction of subsidence associated with future mining.

This approach is considered to be appropriate in the relatively complex mining
environment that exists within the PPR Assessment Area especially now
that there is actual subsidence data available from Longwalls 4 and 5.

The presence of mining in two other overlying seams makes the use of
methods such as the Incremental Profile Method which relies on repeatable
elastic superposition of goaf edge profiles and the Influence Function Method
which assumes elastic strata behaviour less reliable because of the variable
characteristics of the overburden strata.

The method used to estimate subsidence in all three seams is primarily
based on existing monitoring data. Contours of subsidence for the Bulli
Seam mining operations have been estimated using subsidence profiles
measured in the 1990's over the longwall panels at South Bulli Colliery (now
owned by NRE). These profiles have been adjusted for overburden depth and
contours of subsidence have been drawn in AutoCAD relative to the edges of
goaf areas indicated on mine record tracings.

The subsidence observed on the surface above the Balgownie Seam longwall
panels also provides an indication of the status of the Bulli Seam mining. The
Bulli Seam subsidence contours have been modified slightly to reflect this
indicated status. The subsidence contours thus produced have then been
converted into gridded model of subsidence values on a 10m by 10m grid
using Golden Software’s Surfer program.

Hard copies of measured subsidence from each of the Balgownie Seam
longwall panels are available in the mine archives. These drawings have been
scanned, scaled, and converted into a format that allows the final
subsidence across all the panels to be contoured. The contours have then
been converted to a 10m x 10m grid of subsidence using the same approach
described above for the Bulli Seam subsidence.

Subsidence predictions for mining in the Wongawilli Seam are based on
measured subsidence profiles from Longwalls 4 and 5. These profiles have
been adjusted for panel width and overburden depth and allowances have
been made for possible chain pillar interactions with the overlying Balgownie
Seam longwall goafs above Longwalls 1-3. The contour plots generated have
again been drawn in AutoCAD and then gridded in Surfer onto a 10m by 10m
grid.
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The combined subsidence from each seam or from combinations of seams
has then been determined by adding together the components from each
seam.

Contours of the surface topography have been generated from LiDAR data
on the same 10m by 10m grid to allow the subsidence to be added and
subtracted from the surface topography. Contours of the three coal seams
have been developed from survey information of floor seam contours available
in the Bulli Seam within the mine lease boundary.

The Balgownie and Wongawilli Seam floor contours have been estimated from
the Bulli Seam floor contours assuming a separation of 10m and 30m to the
Bulli Seam respectively. Overburden depth to the Wongawilli Seam has been
determined as the difference in the Surfer model between the surface
topography and the estimated Wongawilli Seam floor contours.

Estimates of strains and tilts presented in this assessment are based on
measured values and the experience more broadly of monitoring in the
Southern Coalfield reported by Holla and Barclay (2000). This broader
experience is considered to provide a strong basis for predicting maximum
surface strains and tilts. Based on the subsidence measurements that have
been made over Longwalls 4 and 5 and previously above the Balgownie Seam
longwall panels, the method described by Holla and Barclay (2000) appears
to provide a reasonable and conservative basis to predict the incremental
maximum strains and tilts even for multi-seam mining environments.

The strains and tilts are highly variable and are generally of a much lower
magnitude than the maximum values. For prediction purposes, the maximum
values have been determined to be conservative. The exact position of the
maximum values is difficult to determine accurately, although it is recognised
that maximum tensile strains are most likely to occur at topographic high
points and at the start of panels, particularly in those areas where mining is
proceeding in a downslope direction. Maximum compressive strains are
most likely to occur in topographic low points or near the finishing end of the
panel particularly when mining in a downslope direction.

The measurements of incremental tilts and strains made so far indicate that
the background values of tilts are more generally of the order of 50-80% of
the maximum values indicated by the approach presented by Holla and
Barclay (2000). Similarly, background values of strains are more generally of
the order of 20-30% of the maximum values indicated.

Closures across Cataract Creek have been estimated using the ACARP
method developed by Waddington, Kay and Associates (2002). This method
is recognised to be an upper limit prediction method based on a limited
database. Nevertheless, the method provides a consistent approach to
estimating closure that can be used to compare with measured values and
provide a basis for extrapolation to give realistic closure estimates.
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4.3 Accuracy and Sensitivity Assessment

The subsidence monitoring data available from eleven longwall panels in the
Balgownie Seam mined 10m below the Bulli Seam and more recent
subsidence data from Longwall 4 mining under two levels of previous mining
and from Longwall 5 mining under Balgownie Seam goaf and Bulli Seam main
heading pillars is considered to provide a strong basis to predict future
subsidence.

The accuracy of the subsidence predictions is limited by the uncertainties
that exist in a natural environment combined with additional uncertainties
about the detail of mining geometries in the Bulli Seam and some aspects of
subsidence behaviour in a multi-seam mining environment.

Available subsidence monitoring data from mining in the PPR Assessment
Area indicates that the subsidence associated with multi-seam subsidence
in this area is similar to the subsidence behaviour in a single seam mining
environment except that the bridging capacity of the overburden strata is
significantly reduced. The key observations are:

e Reduced bridging capacity affects the magnitude of the maximum sag
subsidence over the centre of each longwall panel.

e Subsidence occurs predominantly within the footprint of the panel
being mined except where there is potential for pillar instability as
discussed separately below.

e Panel width can still be used to control the magnitude of maximum
subsidence.

e Strata compression subsidence above the chain pillars between
longwall panels is of a similar magnitude to that which occurs in single
seam mining operations.

e Subsidence at the goaf edge is softened by previous mining activity in
overlying seams, but the effect is small and of second order
significance.

e The angle of draw to 20mm of subsidence is of the order of 35° and
consistent with experience in single seam mining operations.

The uncertainties that remain from predicting subsidence behaviour in a
multi-seam environment are offset somewhat by the benefits of having
previous subsidence monitoring experience and the opportunity to review the
longer term recovery of surface impacts associated with earlier mining
activity. The ability to inspect all three levels of mining underground also
improves confidence in the understanding of the mechanics involved at this
site.

SCT Operations Pty Ltd - WCRV4263 - 18 June 2014 Page 51



REPORT: UPDATE OF SUBSIDENCE ASSESSMENT FOR WOLLONGONG COAL PREFERRED PROJECT REPORT
RusseLL VALE No 1 COLLIERY

There exists some potential in areas where there are small standing pillars in
the Bulli Seam above the goaf edge for these pillars to be destabilised by
mining in the Wongawilli Seam below. This destabilisation is evident in the
Bulli Seam beyond the end of Longwall 7 in the Balgownie Seam. If overlying
pillars are destabilised at the goaf edge, the resulting subsidence from the
pillar destabilisation could then extend outside the Wongawilli Seam goaf
edge to the edge of the overlying pillar panel in the Bulli Seam. The
magnitude of additional subsidence resulting from pillar instability is
expected to be small. The only place where this type of behaviour appears
likely is in an area beyond the northeast corner of Longwall 1 (see Figure 13).

The monitoring data indicates that maximum sag subsidence is able to be
controlled by the width of individual panels. It is nevertheless helpful to have
an indication of the maximum credible subsidence that might result. Li et al
(2010) provide a summary of the experience of multi-seam mining subsidence
that indicates maximum subsidence of up to 83% of the cumulative mining
height for all seams compared to 65% for single seam mining. The maximum
subsidence indicated by this approach provides an upper limit to the
maximum subsidence.

The combined mining height for all three seams ranges 5.4-6.9m depending
on how much the thickness of the Bulli Seam is discounted to allow for the
realistic recovery rates of pillar extraction and bord and pillar mining. The
maximum subsidence using 85% of this thickness would be 4.6-5.8m.

Maximum subsidence of up to 1.4m has so far been observed above the
Balgownie Seam with an additional 0.5m estimated for the Bulli Seam to give
a maximum of 1.9m of subsidence from previous mining. Using the Li et al
approach would indicate maximum subsidence from mining in the Wongawilli
Seam would be likely to be in the range 2.7m (allowing for the 1.9m that may
have already occurred) to 5.8m (in areas of small standing pillars in the Bulli
Seam that may be destabilised by further mining and are coincident with the
goaf edge of Balgownie Seam longwall panels).

Above Longwalls 4 and 5, the maximum subsidence measured in the centre
of the longwall panels ranges 1.3-1.8m and is therefore much less than the
maximum subsidence that would be expected if these panels were wider.
Although the bridging capacity of previously mined strata is less than the
bridging capacity of previously undisturbed strata, the narrower panel widths
of Longwalls 4 and 5 and the remaining longwalls proposed within the PPR
are clearly still limiting maximum subsidence to well below the level that
would be observed if the panels were wider and full subsidence could develop
in the centre of each panel.

Strain and tilt values observed to date are within the range of predicted
values using the approach presented by Holla and Barclay (2000). While it is
possible that higher values of strain and tilt may be observed in isolated
locations, the approach used for prediction is considered unlikely to
significantly underestimate maximum strain and tilt values.
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Small errors or tolerances in the data used in the assessment are not
considered likely to significantly influence the accuracy of the subsidence
predictions. The LIiDAR surface data is expected to be accurate to a few
tens of centimetres across the entire PPR Assessment Area. The Bulli
Seam floor contours have been surveyed and are therefore likely to be
accurate to about a metre.

The PPR Assessment Area extends beyond the mine lease boundary so the
floor contours beyond the lease boundary have been extrapolated and are
therefore of lower confidence, but are nevertheless considered suitable for
the purposes of this assessment. There is considered to be potential for a
5-10m difference in seam separation across the PPR Assessment Area that
will slightly affect the calculation of overburden depth, but not significantly.

5. PREDICTED SUBSIDENCE

In this section, the predicted subsidence parameters above the proposed
Wongawilli Seam longwall panels are presented and discussed.

5.1 Vertical Subsidence

Figures 24a and 24b shows the contours of subsidence predicted above the
proposed longwall panels in the PPR Assessment Area at the same scale as
other diagrams (Figure 24a) and at a magnified scale (Figure 24b). The area
is also shown where special consideration of the potential for pillar instability
in the Bulli Seam is recommended. Table 4 presents a summary of the
predicted subsidence movements for mining in the Wongawilli Seam, as well
as estimated and measured subsidence in the Bulli Seam and Balgownie
Seam in the area of each Wongawilli Seam longwall panel. Actual
measurements from the Balgownie Seam longwalls and Longwalls 4 and 5 in
the Wongawilli Seam are shown in brackets as a basis for comparison with
the predictions.

Maximum subsidence over individual longwall panels in the Wongawilli Seam is
predicted to range from 1.5m over the slightly narrower Longwall 7 through
to 2.6m over Longwall 3 where the overburden depth is shallowest and there
is overlying goaf in both seams.

5.2 Tilts and Strains

Maximum tilts over individual longwall panels in the Wongawilli Seam are
expected to range up to maxima of 24mm/m over Longwall 10 through to
maxima of 51mm/m above Longwall 3. Although these maxima may occur
anywhere in the panel, they are most likely to occur at panel edges in
overlying seams and in areas of topographic change in gradient. More
generally across the panel, systematic tilts are likely to be in the range 50-
90% of the maximum values.

Maximum strains over individual longwall panels in the Wongawilli Seam are
expected to range up maxima of 14mm/m over Longwall 10 to maxima of
31mm/m over Longwall 3. Although these maxima may occur anywhere
within the panel, maximum tensile strains are most likely to occur at
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Table 4: Subsidence Predictions for PPR Assessment Area
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Longwall 1 260 1.3 2.1 19 40 N/A 12 N/A 24 N/A N/A (700)
Longwall 2 260 1.1 2.1 19 40 N/A 12 N/A 24 N/A N/A (300)
Longwall 3 255 1.3 2.6 13 51 N/A 15 N/A 31 N/A N/A (150)
Longwall 4 (completed) 300 1.9 2.1 0(1.8) 11 35 (30) N/A 10.5 (7.8) N/A 21 (14) 100 N/A
Longwall 5 (completed) 265 0.9 1.9 (1.8) 11 36 (16) N/A 10.8 (6) N/A 22 (12) 130 300 (49)
Longwall 6 280 1.5 2.1 18 38 7.5 (3) 11 14 (4) 23 310 290
Longwall 7 270 1.2 1.5 18 28 7.5 (3) 8 14 (4) 17 310 290
Longwall 9 330 0.5 2.1 N/A 32 N/A 10 N/A 19 N/A 50
Longwall 10 340 0.6 1.6 N/A 24 N/A 7 N/A 14 N/A 30
Longwall 11 350 0.6 2.1 N/A 30 N/A 9 N/A 18 N/A 10
SELECTED NATURAL FEATURES
Threatened frog habitat
CRUS2 Trib 300 0 5 estd 0 3 0 4 0
Threatened frog habitat
CRUS1 Trib 320 0.5 0 5 estd 0 3 0 4 0
Threatened frog habitat
CRUST Trib2 320 0.5 0.02 11 estd 0 3 0 4 0
CCUS4 Trib 270 0.9 1.5 18 28 7.5 (3) 8 14 (4) 17
Cliffs over LWS 330 1.2 2.1 N/A 32 N/A 10 N/A 19
Cataract Creek 260 0.5 0.1 15 estd 1 N/A 0 N/A N/A
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topographic high points and maximum compression strains are most likely to
occur at topographic low points. More generally across the panel,
systematic strains are likely to be 20-30% of the maximum values.

5.3 Valley Closure

The upper limit of valley closure across Cataract Creek downstream of the
Mount Ousley Road has been estimated using the 2002 ACARP Method. The
predicted closures across Cataract Creek have been revised slightly from
the earlier report. Total closures are predicted to range up to 300mm
adjacent to the end of Longwall 5 and up to 290mm adjacent to the end of
Longwalls 6 and 7. Closure across the second order southern branch of
Cataract Creek upstream of the Mount Ousley Road crossing is predicted to
reach 700mm. These closure estimates are recognised as being upper limit
values because they are based on experience in deep gorges at high stress
levels. Monitoring to date indicates closure movements of up to 49mm.
These movements are less than 40% of the 135mm predicted for Longwall 5
only.

Closures of 700mm are predicted for the southern tributary of Cataract
Creek above Longwalls 1-3. This section of the creek is a second order
creek and perceptible impacts from the proposed mining are expected along
this section. The northern tributary is the main channel of Cataract Creek.
Some of this northern tributary is a third order stream but it is remote
from the proposed mining and no significant closure movements are
expected.

Cataract River is located to the south of the longwall panels. There is
considered to be no potential for significant valley closure movements along
the section of Cataract River adjacent to the start of Longwalls 6 and 7.
These longwall panels are mainly located on the northern side of the ridge
and any downslope horizontal movements are expected to occur mainly on
the northern slope causing movement toward Cataract Creek.

There is considered to be potential for valley closure across numerous first,
and second order creeks where longwall panels are located directly below the
slopes that lead down to these creeks and the creeks are within about
300m of the longwall panel goaf edge.

5.4 Subsidence Movements Beyond the Goaf Edge

Movement outside the goaf edge are expected to be similar to the
movements observed so far during mining of Longwalls 4 and 5. Vertical
movements of greater than 20mm are expected to be limited to within a
distance of 0.7 time overburden depth from the nearest goaf edge equivalent
to an angle of draw of 35°. In areas where there has been previous mining
in both the overlying seams, vertical subsidence at the goaf edge is expected
to reach up to 300-500mm and the goaf edge subsidence profile is expected
to be generally more gradual than elsewhere. In areas where there is either
solid coal or substantial coal pillars directly above the goaf edge, goaf edge
subsidence is expected to be of the order of 100-200mm.
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The area of potential pillar instability adjacent to the end of Longwall 1 may
cause additional vertical subsidence of up to about 0.7m over a limited area
to a distance of about 300m from the goaf corner in an area where the
overburden depth is about 270m.

Horizontal movements are also expected to be of low magnitude but may still
be perceptible at up to 1.5-3 times overburden depth from the nearest goaf
edge. These movements may be concentrated above previous goaf edges
such as has been observed to date along the Mount Ousley Road.
Horizontal downslope movements associated with valley closure have been
observed at the site to extend ahead of mining in a downslope direction to
distances ranging from 1 times overburden depth to 2.9 times overburden
depth when mining below the slope.

6. SUBSIDENCE IMPACTS

In this section, the subsidence impacts on the range of surface features
identified within the PPR Assessment Area and the far field assessment
area are assessed.

6.1 Natural Features

The natural features considered in this section include Cataract Creek and
its tributaries, Cataract River and its tributaries, swamps across the area
identified and mapped by Biosis (2013), cliff formations associated with the
Hawkesbury Sandstone outcrop, and the lllawarra Escarpment.

The stored waters of Cataract Reservoir are discussed in the surface
infrastructure section.

6.1.1 Rivers and Creeks

Figure 24 shows the creeks across the PPR Assessment Area coloured to
show their stream order. The creeks and their order are consistent with
the approach used in the Southern Coalfields Inquiry (NSW Department of
Planning Southern 2008). The location of the creeks has been adjusted to
surface contours derived from LiDAR surveys.

6.1.1.1 Cataract Creek

Cataract Creek flows west across the PPR Assessment Area and is the
major creek system within the assessment area. The creek starts as first
order creeks west of the lllawarra Escarpment and becomes a fourth order
creek from where it flows under Mount Ousley Road to where it joins
Cataract Reservoir. There is no mining proposed directly under the third and
fourth order sections of Cataract Creek. Second order sections of the
southern branch of Cataract Creek are mined under by Longwalls 2 and 3
and a short section of another branch has been mined under by Longwall 5.
First order tributaries are mined under by all but three of the panels.

Almost all the second and higher order sections of Cataract Creek that are
either directly mined under or are close to longwall panels are flowing within
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the outcrop of the Bald Hill Claystone. Previous experience of mining under
the Bald Hill Claystone outcrop in Cataract Creek indicates that there have
not been any significant long term effects on the bed of the creek or the
character of the creek despite Longwall 11 in the Balgownie Seam causing
the creek bed to subside up to 1.4m.

A management approach based on monitoring closure and stopping the
longwall panels if the closure reaches unacceptably high values is considered
an appropriate method of managing the closures across Cataract Creek.
Barbato et al (2014) report experience in Hawkesbury Sandstone river
channels indicating that flow diversion and perceptible cracking in major river
channels such as Cataract Creek has not been observed where valley closure
is predicted to be less than 100mm with the proportion of pools impacted
increasing linearly with closure to be 100% by 700mm of predicted closure.
By adopting a TARP based system and adaptive management strategy for
limiting closure, it is anticipated that the potential for flow diversion and
perceptible impacts on Cataract Creek can be maintained at low levels. SCT
understand that acceptable trigger levels will be set in management plans
developed in consultation with regulatory authorities.

Figure 25 shows the stream bed profile of the southern branch of Cataract
Creek located over Longwalls 1-3 and Cataract Creek downstream to
Cataract Reservoir past the ends of Longwalls 4-7. This stream bed profile
has been generated from the Surfer model derived from LiDAR imaging of the
surface. The subsided profiles at the completion of mining in the Bulli Seam,
Balgownie Seam, and Wongawilli Seam are shown. Variation in level
associated with the gridding process used to generate the profile has been
smoothed.

The vertical subsidence predicted mainly influences the creek profile in the
second order section above Longwalls 1-3. In this area there is potential for
up to 2.6m of subsidence below the creek alignment. Although there is
potential for water to pool in this area, valley closure effects are expected to
increase the potential for sub-surface flow so pooling may only be short lived
during periods of heavy rain. Valley closures are expected to cause
perceptible cracking and surface flow diversion in the upper reaches of the
southern branch of Cataract Creek, particularly where it flows across
Hawkesbury Sandstone outcrop above Longwall 1. Some loss of surface
water and iron staining is expected in this area as a result.

Figure 25 also shows the closures predicted using the 2002 ACARP
Method. These closure predictions are sensitive to the approach used to
estimate valley depth.

Above Longwalls 2 and 3 and downstream of the crossing below Mount
Ousley Road where the creek is not be directly mined under, the bed of the
stream is located mainly in Bald Hill Claystone. Only low levels of perceptible
impact are expected in this section based on previous experience. Iron
staining and flow diversion into the surface strata are not expected to be so
apparent in Bald Hill Claystone because of its finer grained nature and high
levels of natural fracturing.
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A management strategy based on closure monitoring and cessation of mining
if there is a likelihood of significant perceptible impacts becoming apparent is
considered to be an effective method of managing the potential for
subsidence impacts on Cataract Creek.

6.1.1.2 Cataract River

Cataract River is located on the southern side of the ridge that runs below
the start of Longwalls 4-7. Only the southern ends of Longwalls 6 and 7
mine directly below the slopes that lead down to Cataract River and mining
is in an upslope direction at the start of these panels. As a result, only very
low levels of valley closure are expected across Cataract River from mining
these two panels. The maximum valley closure indicated by the ACARP
method is approximately 30mm and 40mm from Longwalls 6 and 7
respectively. The nature of the bed of Cataract River in this area is such
that these low levels of closure will have no perceptible impact on Cataract
River or the surface flows.

6.1.1.3 Cataract River Tributary

A second order tributary of Cataract River flows west-south-west and joins
the river at Picton Road Interchange. This tributary flows off the
Hawkesbury Sandstone outcrop at a point that is approximately 260m south
of the start of Longwall 1. No significant valley closure or perceptible
impacts are expected along this section of creek because Longwalls 1-3 do
not mine under any significant part of the slope that leads down to this
creek. Instead they start under the ridge and mine to the north so that
downslope movements are expected to occur mainly on the northern slopes
toward Cataract Creek.

6.1.2 Upland Swamps

Biosis (2013) has mapped and described 33 separate upland swamps within
the PPR Assessment Area. Figure 26 shows the location of these swamps.
Different swamps are differentiated on the basis of the creeks into which
they flow and the nature of the swamp vegetation.

Many of these swamps have been previously mined under in both the Bulli
Seam and Balgownie Seam. The proposed mining is not expected to cause
significantly different impacts to those already experienced. The subsidence
parameters estimated and measured for previous mining and predicted for
proposed mining in the Wongawilli Seam are presented in Appendix 1.

Individual swamps cover large areas and may be somewhat discontinuous in
nature. The prediction of relevant subsidence parameters is challenging
because of the large area of some swamps and the relatively large change in
subsidence parameters such as strain and tilt over short distances.

The approach taken has been to present the maximum subsidence
parameters that are considered credible based on the experience presented
in Holla and Barclay (2000) and recognise that these may only occur in one
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isolated area of a swamp, if at all. The subsidence parameters more likely to
occur are in the order of 50-80% of the peak values for tilt and in the order
of 20-30% of the peak values for horizontal strain.

Maximum subsidence within the bounds of the swamp may not necessarily be
a good indicator of the maximum subsidence parameters of strain and tilt
given that maximum strain and tilt typically occur on the fringes of a
subsided area. The maximum strain and tilt values have been estimated
based on the level of subsidence within the general proximity of a swamp
that would contribute to maximum strains and tilts within the swamp
boundary.

When strains are greater than about 1-2mm/m in tension and 2-3mm/m in
compression, perceptible fracturing of the sandstone strata below swamps
are expected.

It is unclear how sensitive swamps are to mining subsidence. There is a
clear association between mining and short term loss of piezometric
pressure after rain within the surface layers of some swamps. However, the
swamps located within the PPR Assessment Area appear to be thriving
despite having been previously subsided to levels that are of the same order
as the subsidence expected above future longwall panels. This observation
suggests that the drop in piezometric pressure observed when some
swamps are mined under may not have had a significant impact on their long
term condition.

More work is required to determine the relationship between mining
subsidence and the long term health of swamps. The extended baseline of
subsidence impacts over 60-100 years in the Bulli Seam and 30-40 years in
the Balgownie Seam provides a rare opportunity to study these effects at
this site. Proposed mining is expected to cause impacts to the rock strata
and to surface and near surface water flows in the areas directly mined
under, so it would be helpful to study how and if the wide range of swamps
present above the site are significantly impacted by further mining.

6.1.3 Sandstone Cliff Formations and Steep Slopes

There are numerous sandstone cliff formations located within the
Hawkesbury Sandstone outcrop in the PPR Assessment Area. Figure 27
shows the distribution of these cliff formations relative to the proposed
longwall panels based on an interpretation of LIiDAR data by Mine Subsidence
Engineering Consultants (MSEC).

Many of these features have previously been mined directly beneath. The
impacts of previous mining were able to be assessed during site visits to
inspect the surface area.

The most significant cliff formations are those associated with Brokers Nose
on the lllawarra Escarpment located some 900m east of the southern end of
Longwall 1. Within the PPR Assessment Area, there are several short
sections of cliffs between 3m and 10m high located on the northern side of
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Cataract Creek and several short sections of cliffs typically less than 3m
high but up to about 7m at drainage lines along the Hawkesbury Sandstone
outcrop on the southern side of Cataract Creek. There are also some cliff
formations of greater than 10m high cliff formations along the southern
periphery of the PPR Assessment Area.

Most of the sandstone cliff formations are less than 3m high and occur
along the edge of the Hawkesbury Sandstone outcrop as a series of typically
discontinuous outcrops and detached boulders. Figure 28 shows a variety of
photographs of sandstone cliff formations typical of the PPR Assessment
Area. Individual sandstone rock formations are typically less than 20m in
length with sections of overhang in some of the formations and numerous
isolated or toppled boulders scattered on the slopes immediately below.

On the southern side of Cataract Creek there are several locations where
flow down drainage lines has locally increased the height of the cliff
formation.

Figure 29 shows one such cliff formation located immediately downstream of
CCUS4. This site was not identified during site visits conducted prior to
preparation of the initial PPR subsidence assessment. |t was inspected
during a site visit on 28 May 2014. The sandstone cliff formation at this
site is approximately 3m high and 110m long tapering from a rocky outcrop
at either end to a maximum height at the watercourse of about 7.1m.

At the location of the watercourse the 3.3m thick sandstone unit has been
undercut by the erosion of a softer mudstone layer to create a 4.5m deep
overhang and void that is approximately 3.8m high and 30m long. At the
time of the site visit on 28 May 2014, water emanating from CCUS4 was
flowing over the edge of this formation. There is evidence of impacts from
previous mining in the Balgownie Seam that includes collapse of section of
overhanging formation to the west that is some 20m long and some
subsidence related cracking of the sandstone outcrop to the west of the
watercourse.

Several similar features are located further to the east along the same
outcrop at other drainage lines. These other features are either located on
drainage lines that have no permanent flow or have been impacted by
previous mining so that water emerges from the base of the rock formation
during periods of low flow rather than flowing over it. Some impact from
previous mining is apparent at each of these rock formations. Proposed
mining is expected to cause further impacts including rock falls and cracking.

The cliff formations associated with Brokers Nose on the lllawarra
Escarpment are remote from proposed mining and there is considered to be
no potential for mining subsidence movements to impact the cliff formations
along the lllawarra Escarpment.

The critical factor for the stability of sandstone cliff formations is horizontal
compression along the line of the cliffs. Once this compression is greater
than about 50-100mm per 20m length of cliff formation, rock falls become
likely and their frequency increases as the compression increases, as the
overhang increases, and as tree root invasion becomes more prevalent.
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There is considered to be some potential for rock falls on up to 5% of the
length of cliff formations directly mined under with potential for perceptible
impacts such as tension cracking on up to 30% of the length of cliff
formations directly mined under and extending outside the goaf edge to a
distance of 0.4 times overburden depth (typically about 140m). A minor
rock fall at approximately MGA 302600E, 6197000N on Hawkesbury
Sandstone outcrop is considered likely to have been associated with mining
activity in the Balgownie Seam and is typical of the impacts that are
expected. This rock fall was difficult to detect, and was relatively minor in
the context of ongoing natural erosion at the site.

The environmental consequences of impacts on steep slopes are considered
to be generally negligible although some cracks may need to be filled in where
they are crossed by vehicle access tracks.

6.2 Heritage Features

Nineteen Aboriginal heritage sites have been identified within the PPR
Assessment Area. These are described separately in Biosis (2013). The
locations of these sites are shown in Figure 30 relative to proposed mining
and summarised in Table 5.
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Table 5: Subsidence Parameters Expected at Heritage Sites

Compressive
Adjacent Horizontal
Subsidence Subsidence Overburden Max Max Movement
Site ID at Site Used for Denth Tensile Comp Max Tilt Along
m Strain and (I:' Strain Strain (mm/m) 20m
Tilt Calcs (mm/m) | (mm/m) Section
(m) of Cliff
(mm)
52-2-3939 0.8 2 340 8.8 18 29 350
52-2-3940 0.6 1.5 340 6.6 13 22 250
52-2-3941 1.2 1.5 340 6.6 13 22 250
52-2-0603 1.5 1.5 340 6.6 13 22 250
Wonga East 4 < 0.1 < 0.1 300 < 0.5 <1 <2 < 20
Wonga East 5 < 0.1 < 0.1 300 < 0.5 <1 <2 < 20
52-3-0320 0.7 2 340 8.8 18 29 350
52-3-0325 1.1 1.5 315 7.1 14 24 250
52-3-0311 < 0.1 < 0.1 285 < 0.5 <1 <2 <20
52-3-0310 < 0.1 < 0.1 385 < 0.5 <1 <2 <20
52-2-0099 0.4 1 355 4.2 8 14 150
52-2-0229 0.7 1 365 4.1 8 14 150

There are two sites on the southern side of Cataract Creek that are above
or adjacent to proposed longwall panels. Three more sites are located over
Longwall 9, another above Longwall 11, and the rest are located in areas
that are unlikely to be significantly affected by mining subsidence.

Estimates and measurements of subsidence movements associated with
past mining activity and predictions of subsidence movements for proposed
mining activity are presented in Appendix 1. Table 5 presents a summary of
the subsidence parameters expected from mining in the Wongawilli Seam.

6.2.1 Site 52-2-3939

Site 52-2-3939 site forms part of a 3-5m high sandstone cliff formation
that protrudes from the general line of the cliffs with a 6m overhang as
shown in Figure 31. The site is protected somewhat by being relatively
short in length and protruding out from the general line of the cliffs in the
area. The probability of rock falls at the site is assessed as being 2% which
means that there is likely to be rock fall within the general area of the site
i.e. somewhere along the 100-200m of cliff line that are located within a
short distance of the site. Perceptible tensile cracking is assessed as
having a 30% probability of being evident on rock surfaces in the general area
including possibly through the site.
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6.2.2 52-2-3940

Site 52-2-3940 is part of an extended (100m long) line of 4-Bm high cliff
formations, some of which have already fallen either naturally or as a result
of previous mining in the Bulli Seam more than 50 years ago, and has a 5m
overhang as shown in Figure 32.

The site is estimated to have previously experienced approximately 0.1m of
subsidence with horizontal compression of about 0.1m. Proposed mining of
Longwall 9 in the Wongawilli Seam is expected to cause up to 0.6m of
additional subsidence with 1.5m expected nearby, up to 250mm of additional
compression at the site, and tensile strains of about 7mm/m.

The site is considered to be vulnerable to further rock falls because it is part
of a long line of cliffs, some of which have already collapsed. The probability of
rock falls at the site is assessed as being 5% which equates to a 5m rock
fall being likely somewhere along the 100m section of cliff line adjacent to
the site. Perceptible tensile cracking is assessed as having a 30%
probability of being evident on rock surfaces in the general area including
possibly through the site.
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6.2.3 52-2-3941

Site 52-2-3941 is part of a 3-4m high cliff formation that been previously
involved in a rock fall. The overhang that constitutes the site is located
below a detached boulder and has an overhang of approximately 4m. Figure
33 shows a photograph of the site including the fractured rock strata where
the boulder has detached from the general cliff formation.

There are several characteristics of the rock fall that indicate it is likely to
have been assaociated with mining in the Bulli Seam more than 50 years ago.
The site is estimated to have previously experienced approximately 0.2m of
subsidence with horizontal compression of about 0.1m. Proposed mining of

Longwall 9 in the Wongawilli Seam is expected to cause up to 1.2m of
additional subsidence with 1.5m expected nearby, up to 250mm of additional
compression at the site, and tensile strains of about 7mm/m.

The site itself is not considered vulnerable to further rock falls because it is
detached from the cliff line and is not large enough to experience significant
lateral compression so the probability of a rock fall at the site is considered
to be low (<19%). However, the probability of further rock falls in the general
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vicinity of the site along the standing cliff line is assessed as being 5%. This
probability equates to a 5m length of the adjacent 100m of cliff formation
likely to experience a rock fall. Perceptible tensile cracking is assessed as
having a 30% probability of being evident on rock surfaces in the general area
although a tension crack directly through the site is considered unlikely.

6.2.4 52-2-0603

Site 52-2-0603 is located high up on the ridge line. The cliff formation is
estimated to be 50-70m long and the overhang where the rock art is
located is approximately 4m deep and 3m high as shown in Figure 34. The
rock in the roof of the overhang is only about 1-2m thick but relatively
continuous.

The site is estimated to have experienced up to 0.3m of subsidence as a
result of previous Bulli Seam mining activity with horizontal movement of
about 0.1m although it is possible that the geometry of the Bulli Seam
mining was sufficiently narrow in this area to prevent significant subsidence
movements at the site. Proposed mining of Longwall 11 is expected to
cause up to 1.5m of additional subsidence and up to 250mm of horizontal
compression.
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The site’'s location near the top of the ridge is likely to have reduced some of
the horizontal compression because there is currently no evidence of a rock
fall within the period of previous mining. There is a rock fall evident on a
nearby formation, but this fall appears to be too recent (last few years) for
it to have been directly associated with previous mining subsidence.

The level of horizontal compression expected is assessed as being likely to
cause perceptible cracking in the vicinity of the site with the probability of
rock fall assessed as being 5-10%. The nature of the site is such that a
rock fall anywhere along the 30-40m length of the overhang is likely to be
considered as having impacted the site.

6.2.5 Grinding Groove Sites

There are several grinding groove sites located on bare rock areas in upland
areas away from creeks. Perceptible cracking is expected in up to 30% of
bare rock areas when these areas located directly above longwall panels

Outside the goaf edge, the frequency of cracking is expected to decrease in
magnitude with distance from the goaf edge and become imperceptible
beyond a distance of about 0.4 times the overburden depth or about 120-
150m from the goaf edge.

Within any given site where cracking occurs, individual cracks may be
perceptible as tension cracks that cause the rock to move apart, usually on
natural joints if these exist but also through intact rock, shear cracks that
cause opening and lateral displacement of the two sides, and compression
cracks that result in the rock surface popping up in slabs. Shear and
tension cracks tend to be more prevalent in upland areas.

The probabhility of one of the tension or shear cracks directly intersecting a
grinding groove depends on the site characteristics, but is generally low
because such cracks tend to be widely spaced (5-10m). However, the
potential for a bare rock sites to be impacted generally is expected to up to
about 30%.

Compression fracturing tends to be more prevalent in topographic low points
and the fracturing that occurs tends to affect a larger proportion of the
site.

6.2.6 Other Sites

The Wonga East 4, Wonga East 5, 52-3-0310, and 52-3-0311 sites are
located beyond the footprint of the longwall panels and are not expected to
be perceptibly impacted by mining subsidence because of their location.

Sites 52-2-0099, 52-2-0229, 52-3-0320 and 52-3-0325 are located
within the boundaries of the longwall panels and some perceptible impacts
are expected in the general area of these sites as a result. Those sites that
are associated with detached boulders such as 52-3-0325 are considered
unlikely to be significantly impacted.
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6.3 Surface Infrastructure

Surface infrastructure located within the PPR Assessment Area includes
the Mount QOusley Road, four power transmission lines that run between
Mount QOusley and the lllawarra Escarpment with two of these lines having
pylons directly over the Longwall 2 and the chain pillar between Longwalls 1
and 2, and the storage of Lake Cataract. QOther infrastructure within the
extended assessment area includes the Picton Road Interchange and
communications tower infrastructure near the top of Brokers Nose.

6.3.1 Mount Ousley Road

Mount Ousley Road is protected from direct mine subsidence by a horizontal
distance from the nearest goaf edge of greater than half overburden depth.
Low levels of vertical subsidence of less than about 100mm in total are
expected in the vicinity of Mount Ousley Road with up to approximately
40mm of this maximum having already occurred from mining Longwall 4 and
5. Longwalls B6-11 are not expected to cause additional subsidence along
the road alignment. Longwalls 2 and 3 are expected to cause all additional
subsidence that occurs on the road alignment. These low level vertical
movements expected are expected to be imperceptible for all practical
purposes.

The 2002 ACARP Method for predicting valley closure indicates horizontal
movement in a downslope direction caused by mining below the slope on the
southern side of Cataract Creek is likely to generate closure at the creek
crossing as summarised in Table B.

Table 6: Predicted Horizontal Closure Across Cataract Creek at Mount

Ousley Road
Maximum Incremental Ma)_(imum
. Cumulative Closure

Longwall Closure Predicted .

Predicted
(mm)
(mm)

4 B B

5 11 (10) 17

2 1 18

3 1 19

The upper limit of 19mm of compression in the bottom of the valley
estimated at the completion of all proposed mining is expected to be
accompanied by a similar level of cumulative tensile cracking toward the top
of the slope. Some of the tensile cracking that began during Longwall 4
appears to be continuing during mining of Longwall 5 particularly at Peg 46
on P Line. The ongoing cracking observed near Peg 46 may also include sub-
base deterioration associated with repetitive vehicle loading and fines
migration into the crack that that formed during Longwall 4.

The Picton Road Interchange is located on the opposite side of Cataract
River and the opposite side of a tributary that joins Cataract River at the
interchange. Longwalls 1-5 are located predominantly below the north
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facing slope that leads down to Cataract Creek. As these longwall panels
start below the ridge and mine away to the north, horizontal movements in a
downslope direction are considered unlikely to extend across Cataract River
to interact with the Picton Road Interchange. The bridge on the Picton Road
Interchange is further protected by being on the far side of the west flowing
tributary to Cataract River.

On this basis, there is considered to be no potential for significant horizontal
movements to impact the Picton Road Interchange. A monitoring strategy
is considered appropriate to confirm that subsidence movements are of low
level and of no significance for the structures around the interchange. Once
this monitoring regime has established there is no significant interaction, a
reduction in the frequency of monitoring is considered appropriate.

The road cutting on the northern side of Cataract Creek has been formed in
Hawkesbury Sandstone strata to create embankments up to about 10m
high. These embankments are located beyond 500m from the nearest
longwall panel on the opposite side of Cataract Creek. There is considered
to be no potential for mining induced cliff falls to occur along this section of
exposed rock.

6.3.2 Power Transmission Lines

There are four power transmission lines located in two corridors between
Mount Qusley Road and the lllawarra Escarpment. Figure 35 shows
photographs of the four different types of support structure used on these
lines. The 330kV and 132kV lines are supported on trussed steel pylons.
One of the 33kV lines is supported on single pole structures and the other
one is supported on double pole structures that appear to have been
replaced in the last few years.

All four lines were potentially mined under by late stage pillar extraction in
the main heading pillars in the Bulli Seam, although the Bulli Seam mining
may have preceded construction of the lines and by Longwalls 1 and 3 in the
Balgownie Seam.

The power transmission towers T56 (on the 330kV line) and E57 (on the
132kV line) are suspension towers located in an area where there was 1-
1.2m of vertical subsidence measured during mining of the Longwall 3 in the
Balgownie Seam. The tower locations are noted on subsidence plans as Tob
and T52 so it appears likely that they were in place when Longwall 3 was
mined in 1975.

In general, suspension towers are located on straight sections of line and
the conductors are suspended from the tower structure on hanging
insulators rather than directly to fixed insulators on the structure.
However, it is noted that TS6 is located at a slight change of direction in the
line. The side load associated with this slight change in direction is
counteracted by rotation from vertical of the suspended insulators as can be
seen in Figure 35. In contrast, ES7 is located on a straight section of line
and the insulators hang vertically.
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The towers TS56 and E57 are 100m and 200m respectively down slope from
the area of cracking at the topographic high point near the start of
proposed Wongawilli Seam Longwall 3. The tension cracking observed is
consistent with expected ground movements. These towers do not appear
to have been significantly impacted by previous mining possibly because they
are located on Hawkesbury Sandstone and, fortuitously, the cracks have not
passed between the legs of the towers.

The structural integrity of pylons is sensitive to even small levels of
differential displacement between the four legs. It would appear that
cracking or differential movement did not occur through the sandstone
strata between the tower legs so that the tower foundations moved
together as one unit allowing any subsidence and tilting of the pylons to
occur without compromising the structural integrity of the towers
themselves. Small tilting and horizontal movements of the towers as a
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whole are normally able to be accommodated by rotation of the suspended
insulators that support the conductors. Realigning the insulators during
subsequent maintenance allows any misalignment to be rectified.

The predicted subsidence at the tower locations are detailed in Table 7 and
illustrated in Figure 36.

There is an area where there is some potential for pillar collapse in the Bulli
Seam to cause additional subsidence. This area is shown in Figure 36.
Fortunately, the towers and poles are located outside the area likely to be
affected by any pillar instability.
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Table 7: Subsidence Expected at Power Pylon Locations

Tower Subs Maximum Maximum Maximum | Differential | Horizontal
Tensile Compressive Tilt movement Movement
(m) Strain Strain (mm/m) over 10m (m)
(mm/m) (mm/m) (mm)
330kV T54 0.03 < 0.2 0 < 0.5 <2 < 0.1 NE
330kV T55 0.5 4.6 9 15 50 0.3 NE
330kV T56 2.2 11.2 22 37 120 0.7 NE
330kV 1757 0.05 < 0.2 0.0 < 0.5 <2 <0.1 SW
132kV EBB 0.07 < 0.2 0.0 < 0.5 <2 <0.1 SW
132kV EB7 1.8 11.8 0.0 39 120 0.3 NE
132kV EB8 0.3 4.8 10 16 50 0.7 NE
132kV EG9 0.03 < 0.2 0 < 0.5 <2 <0.1 NE
33kV Lines < 0.1 < 0.2 0 < 0.5 N/A <0.1W

The four towers located directly over the longwall panels are expected to
permanently move in the direction of mining. The horizontal movement is
expected to range up to 700mm and is likely to be greatest on the two
towers located directly over the goaf, T56 and EG7.

The proposed mining is expected to cause ground movements that have
potential to compromise the structural integrity of towers TS5, T56, EG7
and EB8 if the movements occur differentially between the tower legs.

Although there has been previous cracking nearby and such cracking is likely
to continue to localise further ground movements (i.e. movement will occur
by further opening existing cracks rather than forming new cracks) the risk
of new cracking causing structural damage is considered to be too high to be
acceptable without some form of mitigation. It is considered likely that all
four towers would require some mitigation works if the hazard of differential
movements is to be eliminated during the period of mining Longwalls 1, 2 and
3.

The use of a cruciform foundation is one of several options that can be used
to mitigate the potential impacts of mining. Some active realignment is likely
to be required, particularly on Tower EG7 where permanent tilts of up to
39mm/m are expected. Tilting of 39mm/m equates to a horizontal movement
at the top of the tower of about 800mm. This movement may be able to be
accommodated by rotation of the hanging insulators, but this needs to be
checked in consultation with the power utility companies that own the
infrastructure. It may be necessary to suspend the conductor in raoller
sheaves during the period of active subsidence to equalise conductor
tensions.

A single point tie down may be required on the western leg of the cruciform
for TS6 to provide rotational stability of the structure given the lateral loads
associated with the slight change in direction at this tower but the loads
involved are expected to be small enough to be able to be accommodated
through appropriate design.
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The adjacent towers to the south T54 and EBG9 are considered to be
sufficiently remote from mining for there to be no significant potential for
ground movements. These towers are protected by an angle of draw of 30°.
Both towers are located on ground that is sloping away from the direction of
mining in an area where the slope is not directly mined under. Some
monitoring of these towers is recommended, but there does not appear to
be a compelling case to provide additional protection.

The adjacent towers to the north T57 and EBE are protected by an angle of
draw of 26° and 23° respectively, and they are therefore remote enough for
systematic ground movements to be low. However, both towers are located
on top of a ridgeline where tension cracks tend to be concentrated. While
the direction of mining toward the ridge tends to lessen the potential for
cracking on the ridge line, there is nevertheless considered to be a low level
hazard associated with the potential for cracking between the tower legs
with potential to compromise the structural integrity of the tower. It may
be possible to cut a slot or confirm that the tower will be protected by
detailed consideration of the local site conditions, but a site specific risk
assessment is required to develop a mitigation strategy for these towers.

There is a significant change in direction on both the 330kV and 132kV
transmission lines at a point approximately 1km north of the northern ends
of Longwalls 1, 2 and 3. Some additional monitoring of these structures
may be appropriate to monitor and manage any changes in conductor tension
that results from the subsidence movements. Far-field movements are not
expected to create any significant hazard in terms of the structural integrity
of these towers because of the low levels of movement and even lower levels
of differential movement expected at 1km from the goaf edge.

The 33kV lines are supported on single and double pole structures. The
double pole structure appears to be relatively new. These structures are
tolerant to mine subsidence movements. Mining of Longwall 1 in the
Balgownie Seam caused subsidence of 0.8-1.2m below four of these pole
locations and 0.4-0.6m on four others. It is considered unlikely that this
mining caused any significant impact to these lines although they may have
needed to be straightened up at the completion of mining.

The 33kV single and double pole structures are relatively tolerant of
subsidence movements and because these structures are located more than
60m outside of the footprint of the longwall panels, only low levels of
subsidence and no significant impacts are expected. No protection
measures are considered necessary for the 33kV single and double pole
structures, although some before and after mining survey monitoring
program is recommended to confirm the low levels of ground movement that
are expected.

6.3.3 Cataract Water Supply Reservoir
No impacts are expected on the Cataract Reservoir from the proposed

mining. The FSL including the section that extends up Cataract Creek is
protected from the nearest longwall goaf by a nominal horizontal distance of
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greater than 203m at 290m overburden depth (equivalent to 0.7 times
overburden depth or an angle of draw of 35°). Vertical subsidence at the
FSL is expected to be less than about 20mm.

Geological structures within the PPR Assessment Area are relatively well
defined because of the previous mining that has occurred in the overlying
Bulli Seam over a large area and the overlying Balgownie Seam in a maore
limited area. The only geological structure that extends through to the
proposed longwall panels in the PPR Assessment Area and the reservoir is
Dyke D8. The horizontal distance along the dyke from the end of Longwall 10
to the FSL is approximately 560m at an overburden depth of 320m at the
FSL.

The faults labelled F2 are apparent in the workings in Corrimal Colliery but
become degraded in the Bulli Seam workings at South Bulli Colliery. These
faults are not proposed to be directly intersected in the Wongawilli Seam
but there is a flow pathway between the faults and the Wongawilli Seam
mining horizon through the Bulli Seam mine workings that intersect both.

There is considered to be no potential for proposed mining to intersect the
stored waters directly. There may be potential for flow along the dyke via
the Bulli Seam, but experience in the Southern Coalfield indicates that dykes
are very rarely hydraulically conductive except when affected by mining
subsidence at shallow depth. There does not appear to have been any
significant inflow associated with mining the Bulli Seam on this dyke. Mining
in the Wongawilli Seam 560m away from the reservoir is not expected to
have any potential to increase hydraulic conductivity between the reservair
and the mine.

There are a number of small pre-existing Bulli Seam mining areas where coal
has been extracted that are located within the 0.7 times depth protection
zone around the FSL. There does not appear to be any direct connection
between the reservoir and the mining horizon through these mining areas.
Although their presence appears to reduce the effectiveness of the 0.7
times depth barrier between the FSL and the proposed mining somewhat,
particularly for mining of Longwalls 7 and 9, the pathway for seepage from
the reservoir to the mine is likely to be predominantly along horizontal shear
planes at or just below the level of the valley. The calculated height of
depressurisation using the method forwarded by Tammetta (2012) for a Bulli
Seam pillar extraction panel is well below the level of any horizontal shear
planes capable of interacting with the reservoir.

As a result, there is not considered to be any potential for these existing
Bulli Seam mining areas to significantly reduce the effectiveness of the 0.7
time depth barrier.

6.3.4 Telecommunications Infrastructure
There is a telecommunications tower located on Brokers Nose on the

lllawarra Escarpment. This telecommunications infrastructure and the cliff
formations at Brokers Nose are protected by a horizontal distance of
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approximately 1km from the nearest point on Longwall 1. No ground
movements are expected at this distance from the proposed mining because
there is no potential for significant horizontal stress concentration along the
escarpment and no potential for change in any of the other stress
components.

7. Management Strategies

The subsidence management strategies have been discussed in the previous
section, but are consolidated in this section.

7.1 Survey Monitoring

Survey monitoring is expected to provide the primary basis for informing the
processes used to manage subsidence impacts. This monitoring is
discussed first because it underpins all the other management processes.

Conventional subsidence monitoring using repeat surveys in three dimensions
with far-field GPS control is considered to provide the industry best practice
subsidence monitoring technique in steep terrain. This type of three
dimensional surveying captures the full three dimensional ground movements
independent of location to an accuracy that is suitable to characterise the
nature of the ground movements. Strains and tilts are not necessarily
captured to the same level of accuracy as is possible with levelling and peg
to peg chaining but the reduced accuracy is offset by capturing all
components of movement rather than just the components in the direction
of the subsidence line. It is recommended that the existing survey lines are
monitored in three dimensions using this approach.

Two cross lines across each panel and a centreline subsidence line are
considered appropriate to monitor subsidence movements in the relatively
complex subsidence environment above Longwalls 1-11. The three
dimensional movements on the active sections of these lines should be
monitored regularly, particularly at the commencement of each longwall
panel and during mining below or near significant infrastructure. The broader
network should be resurveyed at the midpoint and end of each longwall panel
or about every 2-3 months whichever occurs first.

It is recommended that a survey monitoring base line is extended to include
three dimensional far field GPS control for a distributed array of monitoring
points that are located at easily accessible locations across the mining area
as well as around the periphery of the mining area out to about 3km. This
monitoring network can then be checked at any time and used to confirm the
levels of movement that have occurred on all the monitoring lines and
infrastructure in the area. This distributed array is intended to provide an
overview of any movements that are occurring. The array can also be used
to provide confirmation of the accuracy of the survey control grid.

High resolution point to point measurement of valley closure across
Cataract Creek is recommended at as many crossing points as can
practically be established from an environmental perspective. The four that
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are currently located across Cataract Creek are considered suitable
locations and the establishment of a similar measurement point at Mount
Ousley Road would add another. The establishment of further closure points
would be recommended across the southern branch of Cataract Creek prior
to mining Longwalls 1-3. It would be useful to extend these somewhat to
increase the horizontal coverage so as not to miss any closure movements
that occur beyond the ends of the convergence line, although the practical
difficulties of surveying in a rainforest environment are recognised.

7.2 Infrastructure Management

The mining impacts on infrastructure that need to be managed include the
Mount Ousley Road, the power transmission lines, the Cataract Water
Supply Storage, and the telecommunications facility at Brokers Nose.

7.2.1 Mount Ousley Road

Management of the Mount Ousley Road and any subsidence impacts using a
technical committee such as was used for Longwalls 4 and 5 is considered
appropriate for the ongoing management of subsidence impacts to the road.

The half depth stand-off of mining from Mount Ousley Road is considered to
significantly reduce the potential for impacts on the highway and this
potential will reduce further as active mining moves away from the road.

Some low level ground movements have been observed and surface cracking
has also been observed on the road surface particularly around the crest of
the ridge between Cataract Creek and Cataract River where stretching
movements are expected. It is recommended that the observed surface
cracks are filled from time to time to reduce potential for ingress of surface
water into the formation because unlike conventional road cracks that are
likely to occur mainly in the surface layers, these subsidence cracks are likely
to extend through the full section including into the foundation rock. It is
possible that water ingress into the road formation through cracks may
cause loss of fines from the sub-base with increased potential for pavement
cracking, surface deterioration, deterioration in ride quality generally, and
ultimately public safety.

Continued visual monitoring of the Mount Ousley Road, perhaps at reduced
frequency is recommended, as well as survey monitoring at the end of each
panel as the basis to confirm the actual subsidence movements are
consistent with those predicted.

A high level of monitoring of the Mount QOusley Road and Picton Road
Interchange have been appropriate during mining of Longwalls 4 and 5 in
close proximity to the highway. However, some reduction in the frequency of
the survey monitoring is now considered appropriate given the low level and
zero change respectively that have so far been observed. A management
strategy based on regular visual inspections and end of panel surveying
unless otherwise triggered would appear to be sufficient to manage the
levels of impacts expected once Longwalls 4 and 5 have been completed.
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The frequency of monitoring, particularly of the Mount Ousley Road may need
to increase again during mining of Longwalls 2 and 3.

Some refinement to the surveying technique is recommended to better
measure opening movements at the top of the ridge and closure across
Cataract Creek. Point to point surveying between fixed prisms, a general
upgrade to three dimensional surveying, and replication of P Line survey
marks to the edge of the southbound lanes is recommended.

7.2.2 Power Transmission Towers

A technical committee comprising representatives from the colliery, the
power utility companies, the Mine Subsidence Board, and government
regulators is recommended to manage potential impacts on the power
transmission towers. This forum provides all interested parties with
understanding and control of the management processes.

Several of the power transmission towers are likely to require the
construction of cruciform bases to allow the hazard associated with
differential subsidence to be eliminated. It is noted that there is usually a
significant lead time involved in getting cruciforms approved, financed,
designed, and constructed.

Monitoring on the power transmission poles and towers needs to be
designed in consultation with the power utility companies. It is envisaged
that automatic monitoring systems capable of transmitting data back to a
website portal would be a practical solution for capturing tilt and differential
movements between individual legs.

Prior to the approach of Longwall 1, a number of short survey lines should be
located in the vicinity of the panel of small pillars at the northern end of the
panel to confirm the nature and extent of subsidence that may occur as a
result of any pillar destabilisation in this area.

All the survey monitoring points for the power transmission towers and the
telecommunications infrastructure on Brokers Nose should be linked back
into the distributed array of monitoring points and the control already
established for Mount Qusley Road.

7.2.3 Cataract Reservoir

The Dams Safety Committee (DSC) is a statutory body with legal powers to
manage mining to protect the stored waters in Cataract Reservoir. As is
appropriate, the DSC takes a conservative view of the potential threats of
mining to the stored waters because of the challenges of effectively
remediating any leakage of water from the reservoir to the mine. The DSC
also recognises that some minor loss is inevitable and is tolerable. The
colliery has been working with the DSC for many years and it is considered
that the management process that has been adopted in the past continues
to be appropriate.
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The management of potential impacts revolves around providing a sufficient
standoff from the FSL, confirming that there are no geological structures
with potential to provide elevated hydraulic conductivity between the
reservoir and the mining horizon and that any such structures will not be
adversely affected by mining, and monitoring the mine water balance to
confirm the magnitude of any flows that occur.

The 0.7 times depth (nominally 203m) stand-off from the FSL is considered
to be the primary control for protecting the stored waters of Cataract
Reservoir and this barrier is expected to provide a high level of protection to
these stored water. The presence of existing pillar extraction areas within
the barrier reduces the protection afforded by the barrier to 80m from the
FSL in some areas.

Geological structure in the area is well defined by the presence of previous
mining. The D8 dyke is considered to be the only geological structure with
potential for increased hydraulic conductivity but there is a separation
between the reservoir and the mine along the dyke of approximately 500m
horizontally and 360m vertically and exposures underground do not indicate
a history of increased inflow despite previous mining adjacent to the dyke
directly under Cataract Creek.

A review of the integrity of the mine water balance is recommended to
confirm that all sources of water are accounted for on a regular and ongoing
basis with suitably calibrated monitoring equipment.

The piezometer monitoring network currently in place provides an indication
of the changes in groundwater characteristics around the site. Further
monitoring in areas where there are multiple levels of mining stacked above
each other and in the area between the reservoir and the mine would
increase confidence in and understanding of the impacts of mining on the
groundwater system. The design of this monitoring would need to be done in
consultation with the DSC.

It is noted that there are limited options to control any significant inflow
from the reservoir through sealing up the longwall panels or the mine portals
because the Wongawilli Seam, the Balgownie Seam, and the Bulli Seam are
all hydraulically connected in this area through the interconnected goafs.
The 0.7 times depth offset between the longwall panels and the FSL has
been designed as the primary control and is expected to be effective to
control an potential for inflow from Cataract Reservoir into the mine.

7.2.4 Telecommunications Infrastructure

No mining subsidence movements are expected at the site of the
telecommunications infrastructure located on Brokers Nose. Nevertheless
engagement with the owners of the infrastructure and regular monitoring to
confirm that there have been no changes is recommended.
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7.3 Natural Features

The detail of monitoring of swamps, heritage sites, and creek biota is beyond
the scope of this report and has been addressed in other specialist reports.

However, it is recommended that one or more technical committees are
formed to design monitoring programs that not only review the changes that
may be associated with proposed mining but also take the opportunity to
review the longer term impacts from previous mining in the same area.
These technical committees should include external expertise from the
community where appropriate so that monitoring programs are targeted,
appropriate, can be ongoing, and are transparent to all stakeholders.

8. RESPONSE TO SUBMISSIONS

A range of submissions were received in response to the Underground
Expansion Project Pt3A. These submissions were received prior to the PPR
amendments. The PPR amendments have already addressed many of the
issues raised. In this section, a number of these issues are discussed in the
context of the PPR design and how they have driven the changes that have
been made to the layout.

A second set of submissions were prepared in response to the PPR. The
response to this second set of submissions is included in Appendix 1 of this
report. Many of the issues addressed in this second set of submissions
have been addressed in this update of the PPR subsidence assessment.

8.1 Accuracy of Prediction

The reduced level of accuracy of the prediction methodology in multi-seam
environments was raised in a number of submissions.

While this concern is valid, the recent subsidence monitoring above
Longwalls 4 and 5 and a review of previous subsidence monitoring above the
Balgownie Seam longwall panels and a review of local Bulli Seam subsidence
profiles provides a strong basis of local site based experience to allow more
accurate predictions to be made.

The subsidence prediction technique used has been updated to reflect the
available data. The revised approach is based on using the available data to
provide insight in the subsidence mechanics and continuing to develop this
understanding recognising the various subsidence processes involved.

The results of this previous monitoring indicate that, although the magnitude
of subsidence is greater in a multi-seam environment where there has been
previous subsidence of the overburden strata because of the lower shear
stiffness of previously disturbed strata, the subsidence behaviour in a multi-
seam environment is similar to single seam subsidence in its general
characteristics. There are some differences but these are generally subtle,
second order effects and do not change the general characteristics of
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subsidence behaviour. A difference that does need to be recognised is the
potential for pillar instability in areas of standing pillars in overlying seams.

The subsidence monitoring above Longwalls 4 and 5 indicates that
subsidence occurs primarily over the panel being mined with only low levels of
ground movement outside. Vertical subsidence occur as low level
movements at the goaf edge and become less than 20mm at about 0.7
times depth from the goaf edge. There are more gradual profiles evident
over previously mined goaf compared to over solid, but the differences are
relatively small and tend to soften the ground movements at the goaf edge.
Sag subsidence can be controlled by limiting the width of the panel but the
panel widths required to keep subsidence to any given level are much less
than in a single seam mining environment because of the reduced bridging
capacity of previously disturbed overburden strata.

The issue of pillar instability and recovery of latent subsidence associated
with bridging strata at the goaf edge is recognised as having potential to
cause additional subsidence. This potential needs to be considered on a site
by site basis, but experience of mining the Balgownie Seam longwalls and
Longwalls 4 and 5 in the Wongawilli Seam suggest that the potential is less
than was initially envisaged and the impacts are of a relatively low level.
Nevertheless, an area of standing pillars near the finish of Longwall 1 is
recognised as having potential to become destabilised with potential for
additional subsidence. Additional monitoring is recommended in this area,
but it is noted that any additional subsidence associated with pillar
instability is not expected to have a significant impact on any infrastructure
or significant natural features in the area near the finish of Longwall 1.

Although there is somewhat greater uncertainty for subsidence predictions
in @ multi-seam environment, the available data and further monitoring data
is expected to continue to provide a strong base for further understanding.
The behaviour observed is repeatable and consistent with the mechanics of
the processes involved.

8.2 Geological Structures

There are a number of geological structures located in the general area of
the proposed mining, but only one is considered to be significant in the
context of the proposed mining. The others are located away from the areas
of mining and are not considered to have any significant potential to be
affected by mining.

A significant benefit of the previous mining activity is that the dykes and
faults through the area are very well defined by previous mining activity. It is
not credible that there could be other major structures in the proposed
longwall area because any such geological structures would be evident in the
overlying seams. This certainty of location of geological features gives this
site a significant advantage in terms of potential geological issues.

A dyke referred to as D8 crosses several of the longwall panels and passes
close to several others. The dyke is continuous through to the surface and
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vertical. There is no experience of it being hydraulically conductive or in any
way affecting the subsidence behaviour except in so far as the dyke has
modified the mine layout which has itself altered the surface subsidence.

The Corrimal Fault is located to the south and east of the proposed longwall
area and dips to the north. This structure tapers to the west and is not
evident in the mine workings in the Bulli Seam above Longwall 6 proposed to
be mined in the Wongawilli Seam. This type of tapering behaviour is typical of
geological faults in the Southern Coalfield. The Corrimal Fault dips to the
north. The fault is remote from Longwalls 4 and 5 and has tapered to less
than 1m throw by the gateroads of the proposed Longwall 6. The Corrimal
Fault is therefore not expected to have any significant influence on either
height of fracturing, subsidence behaviour, or the hydraulic conductivity of
the overburden strata.

Other faults such as the Rixons Pass Fault and Woonona Fault are remote
from the area of mining and are not expected to be affected by mining.

8.3 Pillar Instability in the Bulli Seam

The potential for pillar instability in the Bulli Seam has been discussed above.
There is certainly some potential in the vicinity of Longwall 1 and the
particular area where this potential exists has been identified as needing
special consideration. Other areas where there may be a similar potential
are more difficult to identify because the mine records for the period of
mining may be incomplete or inaccurate.

A large part of the Bulli Seam mine workings have been mined under by the
Balgownie Seam longwall panels (1970-1982) and more recently by the
Wongawilli Seam longwalls (2012-2013). The subsidence monitoring from
both periods of mining indicate that there has been no evidence of any
significant subsidence event associated with pillar instability although there
are several areas where a low level of additional subsidence has been
observed and this is additional subsidence is attributed to recovery of latent
subsidence from earlier mining activity.

Even if such instability were to occur, the irregular nature of the panels that
have been developed and their limited width mean that the surface
subsidence that results is likely to be less than a few hundred millimetres
and limited in size to within the area of the panel affected. Such a low level
of additional subsidence is within the tolerance of the subsidence predictions
that have been made and the impacts associated with any such subsidence
would be within the range of predicted impacts.

The Mount Ousley Road is protected by a barrier of approximately 170m and
the area adjacent to the Mount Ousley Road has already been mined under
by the Balgownie Seam longwall panels so it is not credible that there could
be marginally stable pillars in the Bulli Seam still standing in this area.

Some of the towers on the power transmission lines are planned to be
subsided up to several metres and the additional subsidence that may result
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from pillar instability in the Bulli Seam is not considered to have potential to
cause any significant additional impacts compared to those that are already
planned for.

Although the potential for pillar instability in the Bulli Seam is possible, the
significance of any surface subsidence that may result is considered to be
low, especially in terms of impacts to major surface infrastructure. Major
infrastructure will need to be protected from expected subsidence. The
increment of additional subsidence due to pillar stability is not expected to
have any significant incremental impact on this infrastructure.

8.4 Valley Closure, Upsidence and Far-Field Movements

The prediction of valley closure, upsidence, and far-field movements is
recognised as not being an exact science even for single seam mining.
Nevertheless some characteristics are recognised. The influence of
horizontal stresses as a source of energy to displace rock strata is
dependent on their magnitude. Near to the lllawarra Escarpment and
adjacent to previous mining activity as this site is, the in situ horizontal
stresses are likely to be significantly diminished both as a result of the free
surface of the escarpment and as a result of previous mining activity.

Nevertheless, SCT understands that a far-field subsidence monitoring survey
network has been installed and is planned to be further upgraded to allow
measurement of any such movements. These movements are unlikely to be
significant in the context of any of the infrastructure located in the vicinity
of the proposed mining area.

The predictions of valley closure and upsidence are recognised as being upper
bound predictions because they are based on experience in deep gorges
where the in situ stresses are much higher than they are at this site. A
program of predicting, monitoring and response (limiting the length of
longwall panels) is considered to be an effective method of managing this
uncertainty. The monitoring available from the Balgownie Seam longwall
panels and from Longwall 5 indicates that this method is likely to be effective
in terms of managing impact on Cataract Creek.

The offsets that have been designed into the revised mine layout and the
avoidance of mining directly under the main channel of Cataract Creek
provide a buffer against closure related impacts. The commitment by WC to
stop the longwalls short if closure movements become excessive provides an
additional level of management control.

8.5 Illlawarra Escarpment

There is considered to be no potential for the proposed mining to impact on
the lllawarra Escarpment and in particular the section of Hawkesbury
Sandstone outcrop at Brokers Nose. It should be recognised that there is
always potential for cliff falls to occur naturally as part of the natural erosion
processes of cliffs. Two such natural events have occurred in the last six
years, one on Mount Keira in 2007 and a second at Clifton in 2013.
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The only recognised mechanism for the cliff formations on the lllawarra
Escarpment at Brokers Nose to be impacted by mining would be for
horizontal stress concentrations to occur along the line of the escarpment.
However, the cliffs associated with Brokers Nose are 900-1000m from
Longwall 1 and are therefore too far away from the proposed longwall panels
for there to be any potential for significant horizontal stress concentrations
between the longwall panels and the escarpment.

8.6 Subsidence Management Methods

In the submissions there has been some discussion over the accuracy of the
surveying and the adaptive management approach proposed by WC.

The subsidence monitoring systems being used at Russell Vale Colliery are
undergoing continued upgrading from two dimensional surveying techniques
used during the initial stages of mining Longwall 4 through to full three
dimensional subsidence monitoring with a far-field GPS survey control
network. The monitoring network used for Longwall 5 is considered to be an
intermediate step. Additional monitoring and further upgrading of the
monitoring is proposed in this report.

Adaptive management strategies are being practiced by WC including the
significant revision to the mine layout represented by the PPR. Closure
monitoring across Cataract Creek is planned to be used for Longwalls 6 and
7.
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APPENDIX 1 - SuBsSIDENCE MOVEMENTS PREDICTED FOR SWAMPS AND
ARCHAEOLOGICAL SITES

SCT Operations Pty Ltd - WCRV4263 - 18 June 2014 Page A1 -

1



REPORT: UPDATE OF SUBSIDENCE ASSESSMENT FOR WOLLONGONG COAL PREFERRED PROJECT REPORT
RusseLL VALE No 1 COLLIERY

Seam Depths

| Surface | Overburden Overburden | Overburden

RL of Bulli Depth to Depth to

Swamp Seam Floor i1 De?th to Balgownie Wongawilli
(mAHD) 50 el Sean Seam Seam
AHD) (m) (m) (m)
CCUS1 75 360 285 295 320
CCus?2 85 370 285 295 320
CCUS3 55 355 300 310 335
CCUS4 50 340 290 300 325
CCUS5 38 310 272 282 307
CCUSB 65 350 285 295 320
CCUs7 85 355 270 280 305
CCuss8 75 345 270 280 305
CCUSs9 52 345 293 303 328
CCUS10 50 330 280 290 315
CCUS11 5 345 310 320 340
CCus12 15 370 355 365 390
CCUS13 5 340 335 345 370
CCUS14 115 390 275 285 310
CCUS15 60 385 325 335 360
CCUS16 0 300 300 310 335
CCUs17 60 385 325 335 360
CCUS18 60 385 325 335 360
CCUS19 60 385 325 335 360
CCUS20 70 360 290 300 325
CCUS21 70 350 280 290 315
CCus22 -2 315 317 327 3562
CCUS23 55 365 310 320 345
CRUS1 50 350 300 310 335
CRUS2 65 275 210 220 245
CRUS3 80 375 295 305 330
BCUS1 90 360 270 280 305
BCUS2 50 335 285 295 320
BCUS3 50 315 265 275 300
BCUS4 35 330 295 305 330
BCUS5 37 310 273 283 308
BCUSB 17 325 308 318 343
BCUS11 25 360 335 345 370
52-2-3939 340
52-2-3940 340
52-2-3941 355
52-2-0603 380
Wonga East 4 300
Wonga East 5 300
52-3-0320 340
52-3-0325 315
52-3-0311 285
52-3-0310 385
52-2-0099 355
92-2-0229 365
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Subsidence Movements after Bulli Seam was Mined

Subsidence | Overburden T:’ll'lz)i(le é\:l);xp Max
Swamp Used Depth Strain Strain Tile
(m) (m) (mm/m)
(mm/m) (mm/m)
CCUS1 0.7 285 3.7 7.4 12
CCus2 0.1 285 0.5 1.1 2
CCUS3 1 300 5.0 10.0 17
CCus4 0.1 290 0.5 1.0 2
CCUS5 0.5 272 2.8 5.5 9
CCUSB 1 285 5.3 10.5 18
CCUS7 1 270 5.6 11.1 19
CCus8 0.1 270 0.6 1.1 2
CCuUs9 0.1 293 0.5 1.0 2
CCUSs10 0.5 280 2.7 5.4 9
CCUS11 1 340 4.4 8.8 15
CCuUSs12 0.5 355 2.1 4.2 7
CCUS13 0.1 335 0.4 0.9 1
CCuUs14 1 275 5.5 10.9 18
CCUS15 0.1 325 0.5 0.9 2
CCUS16 0.5 300 2.5 5.0 8
CCUS17 0.1 325 0.5 0.9 2
CCus18 0.1 325 0.5 0.9 2
CCUS19 0.1 325 0.5 0.9 2
CCUS20 1 290 5.2 10.3 17
CCuS21 1 280 5.4 10.7 18
CCuse2 0.5 317 2.4 4.7 8
CCuUSs23 0.1 310 0.5 1.0 2
CRUS1 0.5 300 2.5 5.0 8
CRUS2 0.5 210 3.6 7.1 12
CRUS3 0.4 295 2.0 4.1 7
BCUS1 1 270 5.6 11.1 19
BCUS2 0.5 285 2.6 5.3 9
BCUS3 0.5 265 2.8 5.7 9
BCUS4 0.5 295 2.5 5.1 8
BCUSS 0.5 273 2.7 5.5 9
BCUSGE 0.1 308 0.5 1.0 2
BCUS11 0.5 335 2.2 4.5 7
Adjacent Max Compressive
Subsidence Max Max Horizontal
Subs at Overburden . Comp -
Site ID Site Use_d for Depth Ten5|_le Strain Tilt Movement
tm) St:.ram and (m) Strain (mm/ (mm/ Alonq 20m
Tilt Calcs (mm/m) m) m) Section of
(m) Cliff (mm)
52-2-3939 0.2 0.2 340 0.9 1.8 3 40
52-2-3940 0.1 0.1 340 0.4 0.9 1 20
52-2-3941 0.2 0.2 355 0.8 1.7 3 40
52-2-0603 0.3 0.3 380 1.2 2.4 3.9 50
Wonga East 4 < 0.1 < 0.1 300 < 0.5 <1 <2 <20
Wonga East 5 < 0.1 < 0.1 300 < 0.5 <1 <2 <20
52-3-0320 0.1 0.1 310 .5 1 2 20
52-3-0325 0.3 0.3 285 1.6 3 5 60
52-3-0311 < 0.1 < 0.1 255 < 0.5 <1 <2 < 20
52-3-0310 0.1 0.1 355 0.4 1 1 20
52-2-0099 0.1 0.1 325 0.5 1 2 20
52-2-0229 0.2 0.2 335 0.9 2 3 40
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Incremental Subsidence Measured During Balgownie Seam Mining

. Max
St Overburden Tensile L Ct_)mp M_ax
Swamp e Used . Strain Tile
(m) Depth (m) [Straln Tt il
mm/m)
CCUS1 0.8 295 4.1 8.1 14
CCus2 1 295 5.1 10.2 17
CCUS3 1 310 4.8 9.7 16
CCus4 0.8 300 4.0 8.0 13
CCUSH 0.1 282 0.5 1.1 2
CCUS6B 1 295 5.1 10.2 17
CCus7 0.1 280 0.5 1.1 2
CCus8 0.1 280 0.5 1.1 2
CCuUs9S 0.1 303 0.5 1.0 2
CCUSs10 0.1 290 0.5 1.0 2
CCUS11 0.1 340 0.4 0.9 1
CCus12 0.1 365 0.4 0.8 1
CCUS13 0.1 345 0.4 0.9 1
CCUS14 0.1 285 0.5 1.1 2
CCUS15 0.5 335 2.2 4.5 7
CCUS16 0.1 310 0.5 1.0 2
CCUS17 0.3 335 1.3 2.7 4
CCus18 0.1 335 0.4 0.9 1
CCUS19 0.1 335 0.4 0.9 1
CCUS20 1 300 5.0 10.0 17
CCus21 1 290 5.2 10.3 17
CCuse2 0.1 327 0.5 0.9 2
CCUS23 1 320 4.7 9.4 16
CRUS1 0.1 310 0.5 1.0 2
CRUS2 0.1 220 0.7 1.4 2
CRUS3 0.1 305 0.5 1.0 2
BCUS1 0.1 280 0.5 1.1 2
BCUS2 0.1 295 0.5 1.0 2
BCUS3 0.1 275 0.5 1.1 2
BCUS4 0.1 305 0.5 1.0 2
BCUS5 0.1 283 0.5 1.1 2
BCUSGE 0.1 318 0.5 0.9 2
BCUS11 0.1 345 0.4 0.9 1
Compressi
Adjacent ve
Subsidence Subsidence Overburden Ma)_( Max M_ax Horizontal
Site ID at Site Use_d for Depth TenS|'Ie COmP Tilt Movement
tm) SI-:ram and (m) Strain Strain (mm/ Along_ 20m
Tilt Calcs (mm/m) (mm/m) m) Section of
(m) Cliff
(m)
52-2-3939 < 0.1 < 0.1 340 < 0.5 <1 < 2 < 20
52-2-3940 < 0.1 < 0.1 340 < 0.5 <1 <2 <20
52-2-3941 < 0.1 < 0.1 355 < 0.5 <1 <2 < 20
52-2-0603 < 0.1 < 0.1 380 < 0.5 <1 < 2 < 20
Wonga East 4 < 0.1 < 0.1 300 < 0.5 <1 <2 < 20
Wonga East 5 < 0.1 < 0.1 300 < 0.5 <1 <2 < 20
52-3-0320 1.1 1.2 320 5.6 11 19 200
52-3-0325 N/A N/A 295 N/A N/A N/A N/A
52-3-0311 < 0.1 < 0.1 265 < 0.5 <1 <2 < 20
52-3-0310 N/A 0.1 365 N/A N/A N/A N/A
52-2-0099 N/A 0.1 335 N/A N/A N/A N/A
52-2-0229 N/A 0.2 345 N/A N/A N/A N/A
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Incremental Subsidence for Proposed Mining of Wongawilli Seam

Subsidenc Overburden T:::)i(le (I:\::::; Max
Swamp e Used Depth . : Tilt
(m) (m) (Stram Strain (mm/m)
mm/m) | (mm/m)
CCUs1 1.5 320 7.0 14.1 23
Cccus2 2 320 9.4 18.8 31
CCUSs3 1.5 335 6.7 13.4 22
CCus4 2 325 9.2 18.5 31
CCUSs5 1.5 307 7.3 14.7 24
CCUse 2 320 9.4 18.8 31
CCus7 0.1 305 0.5 1.0 2
CCuss 0.1 305 0.5 1.0 2
CCuUs9 0.1 328 0.5 0.9 2
CCUSs10 0.8 315 3.8 7.6 13
CCUS11 2 340 8.8 17.6 29
CCus12 1.5 390 5.8 11.5 19
CCUSs13 0.1 370 0.4 0.8 1
CCus14 0.1 310 0.5 1.0 2
CCUS15 0.1 360 0.4 0.8 1
CCUS18B 0.1 335 0.4 0.9 1
CCuUs17 0.1 360 0.4 0.8 1
CCus18 0.1 360 0.4 0.8 1
CCUs19 0.1 360 0.4 0.8 1
CCus20 0.1 325 0.5 0.9 2
CCus21 2 315 9.5 19.0 32
CCuse22 0.1 352 0.4 0.9 1
CCus23 1.5 345 6.5 13.0 22
CRUS1 1.5 335 6.7 13.4 22
CRUS2 0.1 245 0.6 1.2 2
CRUS3 0.1 330 0.5 0.9 2
BCUS1 0.1 305 0.5 1.0 2
BCUS2 0.1 320 0.5 0.9 2
BCUS3 0.1 300 0.5 1.0 2
BCUS4 1.5 330 6.8 13.6 23
BCUSS5 0.1 308 0.5 1.0 2
BCUSB 0.1 343 0.4 0.9 1
BCUS11 1.5 370 B.1 12.2 20
Adjacent Comqressive
. Horizontal
Subsidence Subsidence Overburden Ma)_( o . Movement
Site ID at Site sus"." Ly Depth L I I I e R
(m) t:.ram and (m) Strain Strain (mm/m) Section of
Tilt Calcs (mm/m) (mm/m) .
tm) Cliff
(m)
52-2-3939 0.8 2 340 8.8 18 29 350
52-2-3940 0.6 1.5 340 6.6 13 22 250
52-2-3941 1.2 1.5 340 6.6 13 22 250
52-2-0603 1.5 1.5 340 6.6 13 22 250
Wonga East 4 < 0.1 < 0.1 300 < 0.5 <1 <2 <20
Wonga East 5 < 0.1 < 0.1 300 < 0.5 <1 <2 <20
52-3-0320 0.7 2 340 8.8 18 29 350
52-3-0325 1.1 1.5 315 7.1 14 24 250
52-3-0311 < 0.1 < 0.1 285 < 0.5 <1 <2 <20
52-3-0310 < 0.1 < 0.1 385 < 0.5 <1 <2 <20
52-2-0099 0.4 1 355 4.2 8 14 150
52-2-0229 0.7 1 365 4.1 8 14 150
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Cumulative Subsidence at the Completion of Bulli and Balgownie Seam

Mining
Subsidence | Overburde | Max Tensile | Max Comp Max Tilt
Swamp Used n Depth Strain Strain (mm/m)
(m) (m) (mm/m) (mm/m)
CCUS1 2 285 10.5 21.1 35
CCus2 1.1 285 5.8 11.6 19
CCUS3 1.1 300 5.5 11.0 18
CCUS4 0.9 290 4.7 9.3 16
CCUS5 0.6 272 3.3 6.6 11
CCUS6B 2 285 10.5 21.1 35
CCus7 1 270 5.6 11.1 19
CCuss 0.1 270 0.6 1.1 2
CCuUs9 0.1 293 0.5 1.0 2
CCUSs10 0.6 280 3.2 6.4 11
CCUS11 1 340 4.4 8.8 15
CCuUSs12 0.5 355 2.1 4.2 7
CCUS13 0.1 335 0.4 0.9 1
CCuUs14 1.2 275 6.5 13.1 22
CCUS15 0.2 325 0.9 1.8 3
CCUS16 0.5 300 2.5 5.0 8
CCuUs17 0.1 325 0.5 0.9 2
CCus18 0.1 325 0.5 0.9 2
CCUS19 0.1 325 0.5 0.9 2
CCuUSs20 2 290 10.3 20.7 34
CCus21 2 280 10.7 21.4 36
CCuse2 0.5 317 2.4 4.7 8
CCUS23 0.9 310 4.4 8.7 15
CRUS1 0.5 300 2.5 5.0 8
CRUS2 0.6 210 4.3 8.6 14
CRUS3 0.6 295 3.1 6.1 10
BCUS1 1 270 5.6 11.1 19
BCUS2 0.5 285 2.6 5.3 9
BCUS3 0.5 265 2.8 5.7 9
BCUS4 0.6 295 3.1 6.1 10
BCUS5 0.5 273 2.7 5.5 9
BCUSE 0.1 308 0.5 1.0 2
BCUS11 0.5 335 2.2 4.5 7
Adjacent Compressive
Subsidence at Subsidence Overburden Ma{( Max . Horizontal
Site ID Site Use_d for Depth Tens[le Com_p Max Tilt Movement
(m) SI_:ram and (m) Strain Strain (mm/m) Along_ 20m
Tilt Calcs (mm/m) (mm/m) Cliff
(m) (m)
52-2-3939 0.2 0.7 340 3.1 6.2 10 120
52-2-3940 0.1 0.7 340 3.1 6.2 10 120
52-2-3941 0.2 0.7 355 3.0 5.9 10 120
52-2-0603 0.3 0.6 380 2.4 4.7 7.9 120
Wonga East 4 < 0.1 < 0.1 300 < 0.5 <1 <2 < 20
Wonga East 5 < 0.1 < 0.1 300 < 0.5 <1 <2 < 20
52-3-0320 1.1 1.2 320 5.6 11 19 200
52-3-0325 0. 0.3 315 1.4 3 5 60
52-3-0311 < 0.1 < 0.1 285 < 0.5 <1 <2 < 20
52-3-0310 0.1 0.1 385 0.4 1 1 20
52-2-0099 0.1 0.1 355 0.4 1 1 20
52-2-0229 0.2 0.2 365 0.8 2 3 40
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Total Cumulative Subsidence at Completion of Bulli, Balgownie and

Wongawilli Seam Mining

Subsidence | Overburden T:’I'I:i(le cl:\:::'xp Max
Swamp Used Depth Strain Strain Tile
(m) (m) (mm/m)
(mm/m) (mm/m)
CCUS1 2 285 10.5 21.1 35
CCus2 3 285 15.8 31.6 53
CCUS3 2.5 300 12.5 25.0 42
CCus4 2.4 290 12.4 24.8 41
CCUSH 1.8 272 9.9 19.9 33
CCUS6B 3.8 285 20.0 40.0 67
CCus7 1 270 5.6 11.1 19
CCus8 0.1 270 0.6 1.1 2
CCuUs9S 0.1 293 0.5 1.0 2
CCUSs10 1.5 280 8.0 16.1 27
CCUS11 3 340 13.2 26.5 44
CCus12 1.5 355 6.3 12.7 21
CCUS13 0.1 335 0.4 0.9 1
CCUS14 1.3 275 7.1 14.2 24
CCUS15 0.2 325 0.9 1.8 3
CCUS16 0.5 300 2.5 5.0 8
CCUS17 0.1 325 0.5 0.9 2
CCus18 0.1 325 0.5 0.9 2
CCUS19 0.1 325 0.5 0.9 2
CCUS20 2 290 10.3 20.7 34
CCus21 3.8 280 20.4 40.7 68
CCus22 0.5 317 2.4 4.7 8
CCUS23 2.1 310 10.2 20.3 34
CRUS1 0.8 300 4.0 8.0 13
CRUS2 0.6 210 4.3 8.6 14
CRUS3 0.6 295 3.1 6.1 10
BCUS1 1 270 5.6 11.1 19
BCUS2 0.5 285 2.6 5.3 9
BCUS3 0.5 265 2.8 5.7 9
BCUS4 2 295 10.2 20.3 34
BCUSS 0.5 273 2.7 5.5 9
BCUSGE 0.1 308 0.5 1.0 2
BCUS11 2 335 9.0 17.9 30
Adjacent Cﬂmgressive
. orizontal
Subs at SILE LD Overburden Ma)_( L . Movement
SitelD Site cpocd for Depth Tensile | Comp | MaxTile | 00 a0m
(m) rain and (m) Strain Strain (mm/m) Section of
Tilt Calcs (mm/m) (mm/m) Cliff
(m)
(m)
52-2-3939 1 2.4 340 10.6 21.2 35 450
52-2-3940 0.7 1.6 340 7.1 14.1 24 300
52-2-3941 1.4 1.6 355 6.8 13.5 23 250
52-2-0603 1.8 1.8 380 7.1 14.2 23.7 300
Wonga East 4 < 0.1 < 0.1 300 < 0.5 <1 <2 < 20
Wonga East 5 < 0.1 < 0.1 300 < 0.5 <1 <2 < 20
52-3-0320 1.8 3.2 340 14.1 28 47 450
52-3-0325 1.4 1.8 315 8.6 17 29 250
52-3-0311 < 0.1 < 0.1 285 < 0.5 < 1 <2 <20
52-3-0310 < 0.1 < 0.1 385 < 0.5 < 1 <2 <20
52-2-0099 0.5 1 355 4.2 8 14 150
52-2-0229 0.9 1 365 4.1 8 14 150
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APPENDIX 2 - RESPONSE TO SUBMISSIONS TO PPR
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RESPONSE TO SUBMISSIONS TO PREFERRED PROJECT REPORT

The response to submissions to the PPR report presented in this section is
a slight revision of SCT Letter Report NRE14123A dated 23 December
2013. Many of the issues raised in this initial response have been included
in this updated version of the PPR Subsidence Assessment.

The submissions considered in this response are those from:

1. Independent Review of Subsidence Impact Assessment by
Professor B. Hebblewhite.

2. NSW Government Department of Resources and Energy (DRE).

3. Sydney Catchment Authority (SCA).

4, NSW Government Office of Environment and Heritage (OEH).

9. Wollongong City Council (WCC]).

6. NSW Department of Primary Industries (DPI).

7. Dams Safety Committee (DSC).

8. NSW Government Transport Roads and Maritime Services (RMS).
9. NSW Government Heritage Council (Heritage).

10. Environmental Protection Authority (EPA).

As there are several issues raised in multiple submissions, the response to
an issue is presented in most detail the first time it is raised in the order of
the list above. Where it is raised in subsequent submissions, reference is
made to the earlier response for brevity and expanded as necessary, but
reading the document in its entirety is recommended. We note that there
are several submissions — specifically those from the DSC, RMS, Heritage,
and EPA - where the PPR has addressed or substantially addressed
subsidence related issues raised in earlier submissions to the NRET No 1
Colliery - Underground Expansion Project (MP0S9-0013) and these
submissions are not considered further in this report.

Where the issue discussed has been directly addressed in the updated
report, the update is noted.

A2-1 INDEPENDENT REVIEW BY PROFESSOR B.K. HEBBLEWHITE
Professor Hebblewhite’'s comments are all considered to be valid points that

are well made. The response in this section is mainly in relation to
clarification of some of the terms used and further explanation of the
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reasoning behind some of the issues that may not have come through clearly
in the PPR Subsidence Assessment presented in SCT (201 3).

A2-1.1 Point A3 - “Essentially Predictable” Behaviour

In response to this point, the term “essentially” has been removed in the
updated copy of the PPR.

The use of the term “essentially predictable” in the original PPR was
intended to convey the concept that the multi-seam subsidence behaviour
observed above Longwalls 4 and 5 has characteristics that are very similar
to the subsidence behaviour observed above longwall panels where only one
seam has been mined. These characteristics are also evident from other
sites that have yet to become available in the public domain given the
relatively recent development of multi-seam longwall mining in NSW.
Although the effects of multi-seam subsidence are yet to be fully
characterised, the monitoring experience available confirms that the
behaviour is consistent with single seam subsidence but with some
differences associated with the disturbance caused by previous mining.

Even for single seam mining, regarding subsidence behaviour as being
“entirely predictable” may be somewhat optimistic. However, an approach
based on understanding the mechanics of the various processes involved -
specifically sag subsidence over individual longwall panels and elastic strata
compression above and below the chain pillars but also various forms of non-
conventional subsidence behaviour — provides a basis to predict subsidence
behaviour with a degree of certainty that is usually sufficient to allow
appropriate management of potential impacts.

In a multi-seam subsidence environment where extracted coal seams are
relatively close together such as in the PPR project area, there appears to
be three main characteristics that are slightly different to single seam
subsidence behaviour and they all relate to the fact that initially intact
overburden strata is softened somewhat above each extracted panel to a
height approximately equal to the panel width. As a result:

1. Overburden strata softened by previous mining has reduced shear
stiffness (i.e. is softer in “bending”) compared to undisturbed strata
so the strata is less effective at bridging across the void created by
mining a new panel. The subsidence engineering concepts of sub-
critical and super-critical subsidence behaviour still apply, but the
width at which full subsidence develops (supercritical width) is much
less in a multi-seam environment.

2. The “reworking” of already subsided overburden strata causes an
increase of maximum subsidence in supercritical width panels (very
wide relative to depth) from 50-65% of seam thickness typical of
single seam operations to 60-80% of combined seam thickness. In
the PPR, the panels are still subcritical in width and so maximum
subsidence is limited by panel width.
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3. Goaf edge subsidence is somewhat greater at 200-300mm where
there has been previous mining in the overlying seams compared to
100-200mm typical of undisturbed strata. The goaf edge subsidence
profile is also somewhat more gradual.

Pillar instability may also cause additional subsidence where previously stable
standing pillars in the overlying coal seams are destabilised. This effect is
considered separately in Section A2-1.6.

A2-1.2 Points A6 and A7 - Adaptive Management

The concept of adaptive management was forwarded in the PPR as a method
of managing closure across Cataract Creek and at a strategic level (rather
than on an individual swamp basis) for managing impacts on swamps. In this
section, the application of this approach is discussed further.

A2-1.2.1 Point A6 - Cataract Creek

The experience of monitoring closure across Cataract Creek during mining of
Longwall 5 indicates characteristics that make an adaptive management
approach likely to be suitable to manage the magnitude of closure across
Cataract Creek. This monitoring indicates that the closure commenced
when Longwall 5 was about 400m from Cataract Creek and has continued at
a steady rate of about 12mm/100m of longwall retreat since then. A six
week period of longwall stoppage when Longwall 5 was approximately 130m
away from finishing showed low level additional closure of less than Smm.
This steady, predictable response allows planning for a pre-determined level
of closure across Cataract Creek well in advance of reaching any given set
target.

The challenge with an adaptive management approach for Cataract Creek is
determining the level of closure when impacts are considered to be
significant. A target of 200mm has been adopted based on experience of
mining near creeks and rivers in Hawkesbury Sandstone strata. Recognising
that the base of Cataract Creek is located within the outcrop of the Bald Hill
Claystone, it is possible that closure may be occurring on the Hawkesbury /
Bald Hill Claystone contact without causing any perceptible impact to the
creek bed.

Available evidence including the absence of any significant fracturing or other
impacts in the creek bed from previous mining including Longwalls 4 and 5
indicates that closure movements may be occurring above the level of the
creek bed so that the types of impacts observed in Hawkesbury Sandstone
where horizontal shear and resulting closure typically occurs below the level
of the creek bed may not be occurring in Cataract Creek. However, further
surveying scheduled for the end of Longwall 5 and analysis of this monitoring
data is required to confirm this hypothesis. In the meantime, visual
inspections continue to form a critical part of the adaptive management
strategy for Cataract Creek and so far there has been no perceptible
impact.
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A2-1.2.2 Point A7 - Adaptive Management of Swamps

The concept of adaptive management for swamps is not considered valid on
the scale of individual swamps because the changes are unlikely to occur in a
timeframe that is appropriate to managing longwall retreat. However, the
approach is considered to be a valid method of managing mining impacts on
swamps more generally at a strategic level given that the data available from
previous longwall mining in the Balgownie Seam does not indicate high levels
of subsidence related impact to any of the swamps in the area (Biosis
2013).

While it is accepted that there is no baseline data available from this earlier
mining, the fact remains that CCUS4 was subsided by up to 0.9m and
appears to have continued to thrive. Other swamps in the general area have
also been similarly subsided and also appear to continue to thrive. Thus
there is opportunity to study the impacts of previous mining on swamps over
the longer terms of 30 years for the Balgownie Seam longwalls and 60-80
years for Bulli Seam monitoring at least on a comparative scale with similar
swamps where coal has been extracted.

The proposal to mine Longwall 6 below CCUS4 provides the opportunity to
get some baseline data and then monitor the changes that occur over the
longer term. It is accepted that there may be some changes, but the
magnitude of the changes are not thought likely to be significant based on
the experience of previous mining below the site. By carefully measuring any
physical changes including rainfall, subsidence movements, vegetation,
groundwater pressures, and surface flows it should be possible to determine
over the medium to long term how significant any impacts may be. This
experience will then be available to inform future assessments of similar
swamp types.

A2-1.3 Point A9 - Explanation of Bulli Seam Goaf on 0.7 Times
Depth Protection Barrier

This point has been clarified in the updated PPR subsidence assessment but
is discussed in more detail below.

A 0.7 times depth protection barrier to the full supply level (FSL) of Cataract
Reservoir has been used as the basis to design the layout of longwall panels
in the Wonga East mining area. The presence of a Bulli Seam goaf in areas
between the ends of the proposed longwall panels and the Cataract
Reservoir reduces the effectiveness of the 0.7 times depth barrier but it
does not mean that the barrier is ineffective. In this section, an explanation
of the nature of the barrier and its effectiveness is provided. This
explanation drifts into a discussion on groundwater issues which is starting
to get outside the domain of a subsidence assessment and therefore wasn't
discussed in detail in the subsidence assessment report (SCT 2013).
However, given the significance of the issue raised by Professor Hebblewhite,
a more detailed explanation is provided here to clarify the point that was
being made.
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The key issue for controlling the effectiveness of a barrier is maintaining the
integrity of the pathway for flow from the reservoir to the mine workings.
The FSL is at RL289.9m while in the area beyond the end of Longwall 7, the
Bulli Seam mining horizon is approximately BRL35m and the Wongawilli Seam
horizon is approximately RLOm.

The only credible pathways for leakage from the reservoir to the mine are
either horizontally from the reservoir to the subsided strata above the
longwall goaf and then downward through this strata into the mine or via
geological structures. The potential for through going geological structures
is discussed separately below. Any vertical pathway to the mine roadways
directly below the reservoir is clearly not of high enough hydraulic
conductivity to be an issue given that these roadways already exist and
there is no evidence of any inflow.

The 200m horizontal barrier (equivalent to 0.7 times 290m) provides a
significant barrier to horizontal flow given the hydraulic conductivities of rock
strata and, supported by the fact that there is no experience of leakage
from reservoirs or water bodies for barriers of this size, appears more than
adequate. However, the presence of an existing goaf in the Bulli Seam within
this barrier may reduce the effectiveness of this barrier against possible
leakage into the mine as noted in SCT (2013). Some very good work
presented by Tammetta (2012) allows this potential to be investigated.

Tammetta (2012) presents an empirical relationship that is based on
published experience from all around the world of longwall mining interactions
with groundwater. The relationship allows the height of depressurisation
above the mining height to be calculated as a linear function of panel width
multiplied by seam thickness mined raised to the power of 1.4 and
overburden depth raised to the power of 0.2.

The height of depressurisation is significant because it defines the point
above the mining horizon at which the vertical hydraulic conductivity of the
overburden strata reduces sufficiently to support a hydrostatic water
pressure profile in the overburden strata. Looking at it the other way
around, the height of depressurisation is the height below which vertical
leakage through the subsided overburden strata starts to become
significant as a pathway for inflow. A source of surface recharge is still
required for inflow to occur, but the pathway exists at overburden depths
less than the height of depressurisation.

Monitoring at Russell Vale Colliery and at other sites confirms the Tammetta
relationship. The widest of the Bulli Seam goaf areas within the barrier to
the reservoir is approximately 180m. For a 2.4m high mining height
(assuming complete extraction and a conservative seam height) at 280m
deep, the height of depressurisation is approximately 160m, so there is still
120m of strata with sufficiently low hydraulic conductivity to maintain a
hydrostatic groundwater profile above the top of any of the Bulli Seam goafs
in the barrier. The presence of this 120m of strata means there is still no
significant vertical pathway to the mine despite the presence of the
extracted panels in the Bulli Seam.
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The observation that mining in the Wongawilli Seam causes vertical ground
movements that are substantially within the footprint of the panel means
that ground movements and overburden disturbance are substantially limited
to within the panel footprint.

The height of depressurisation can be conservatively estimated as the
combined thickness of mining in all seams at the depth of the lowest seam
and a panel width of the panel being mined. Monitoring experience at GW-
01, a groundwater pressure monitoring borehole near where Mount Ousley
Road crosses Cataract Creek, confirms the Tammetta relationship still
applies in an area where both the Balgownie and Bulli Seams have been
mined.

Longwall 7 is 125m wide at a depth of approximately 280m. Apart from one
small area where there is a narrow overlap, there is nowhere that all three
seams are fully extracted together and certainly nowhere within the 0.7
depth barrier.

For the proposed 125m wide Longwall 7 mined below the Bulli Seam (there is
no mining in the Balgownie Seam at the south western end of Longwall 7],
the height of depressurisation is calculated using the Tammetta relationship
to be 260m (for a combined mining height in the two seams of 5.0-5.4m).
This means that the height of depressurisation may be approaching the
surface and although there may still be some barrier to vertical flow near the
surface, the main protection against inflow from the reservoir is the
horizontal barrier of 200m. This barrier is maintained all around Longwall 7
and so there is considered to be no potential for significantly increased
inflow from the reservoir to the mine as a result of mining Longwall 7.

Even if there were to be some further instability in the Bulli Seam goafs
within the barrier as a result of mining Longwall 7, which is considered most
unlikely, the height of depressurisation considered above is for the worst
case of full extraction or complete destabilisation of all pillars and the height
of depressurisation is therefore not expected to be greater than 260m.

Notwithstanding the discussion presented above that indicates there is no
potential for Longwall 7 to significantly increase inflow from the reservoir to
the mine, there is still a need to continue to confirm the heights of
depressurisation above multiple goafs and to confirm that any
depressurisation over Longwall 7 is not causing a change in the groundwater
regime between the reservoir and the mine.

Further groundwater pressure monitoring boreholes are planned to be drilled
including one at a site above Longwall 4 where all three seams have been
mined, several others between the end of Longwall 7 and the reservoir, and
another near Cataract Creek to monitor depressurisation as Longwall 7
approaches. The first borehole is aimed to confirm the height of
depressurisation above three mined seams before Longwall 7 starts. The
several boreholes between the reservoir and the start of Longwall 7 are
aimed to confirm the direction of groundwater flow continues to be toward
the reservoir above the 200m barrier.
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A2-1.4 Point A10 - Body of Evidence to Support Predictions of
Multi-Seam Subsidence

The subsidence monitoring data available from Russell Vale Colliery is valuable
data but there are other sites where high quality multi-seam data is
emerging. Unfortunately, it is early days and data from these sites has yet
to make its way into the public domain so it can be referenced in a
subsidence assessment report of this type. The results are nevertheless
convincing and surprisingly consistent. It is anticipated that the experience
from additional sites should be available in the public domain by mid-2014.

A2-1.5 Point C1 - Swamp Constraints

The point is made that the constraint in relation to upland swamps lacks
guantitative or measurable definition of how the impacts of mining are
translated into a design constraint. This point is accepted. The challenge is
that there does not seem to be a large body of evidence available to confirm
whether upland swamps that depend for their water primarily on rainfall
recharge are significantly impacted by mining subsidence. The issue of
impacts of mining on upland swamps is an area that requires further work at
a strategic level to confirm that there are indeed long term impacts and the
nature of these impacts.

Previous mining in the Bulli Seam and the Balgownie Seam at Russell Vale
Colliery and in the Bulli Seam all along the lllawarra Escarpment provide a
long history of the effects of mining subsidence on these types of swamps.
While there is limited baseline data currently available, it seems that the
swamps above Wonga East provide an opportunity to get not only baseline
data but also data on the scale of any impacts. A comparative study is
therefore planned to monitor swamps where there will be no further mining
to swamps that will be mined under.

CCUS4 is a swamp that was mined under and subsided about 0.9m in the
early 1980's. CCUS4 appears to still be in good health (Biosis 2013). To
step Longwall 6 around CCUS4 would significantly reduce the coal resource
able to be recovered from Longwall 6. By accepting that there may be some
impacts to this swamp but also that these impacts may not significantly
affect the health of the swamp (as per previous mining), the opportunity
exists to monitor the ground movements, groundwater impacts, and any
ecological changes to provide evidence to guide future strategic planning of
longwalls in close proximity to these types of upland swamps.

Mining is proposed under the fringes of CCUS5 which has been partly mined
under previously in the Bulli Seam and CRUS1 which has been significantly
mined under previously in the Bulli Seam. The opportunity exists to monitor
any ecological changes as a function of distance from Longwall 7 as a guide
to offset distances that may be required in the future.

The need for more of this type of monitoring is reiterated elsewhere by
Professor Hebblewhite's comments and emphasised in Point G1. The need
for more monitoring is recognised and accepted.
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A2-1.6 Point C6 - Pillar Run
This point has been clarified in the updated PPR subsidence assessment.

The point made in respect of not including elastic compression subsidence in
the same discussion as “pillar run” is accepted and the two mechanisms are
recognised to be unrelated. The linking of these two completely separate
processes was in response to concerns raised by DRE in earlier submissions
to the NRE1 No 1 Colliery — Underground Expansion Project (MP0S-0013)
and again in their response to the PPR discussed further in Section A2-2.

The DRE concern under the heading “pillar run” was not just, or even
primarily, about conventional pillar run caused by pillar instability, although
this is clearly an issue in some localised areas. Their concern appears to be
more directed toward possible low level goaf remobilisation from both
horizontal stress relief and additional elastic pillar compression of barriers
that they were concerned may affect infrastructure such as Mount QOusley
Road, Picton Road Interchange, and the high voltage power lines located
between Mount Ousley Road and the lllawarra Escarpment. There is not a
universal term for these types of movements, but the term “pillar run” is
accepted as perhaps not best suited to describe them.

A2-1.7 Point C9 - Balgownie Seam Subsidence Monitoring and
Swamp Impacts

SCT is not aware of any ecological monitoring in relation to swamps from the
period of mining longwall panels in the Balgownie Seam from 1870 to 1982.
This information would be most useful as baseline monitoring if it is available.

Unfortunately, most of the Balgownie Seam subsidence monitoring (all
except Longwall 11) comprises only vertical subsidence. The period when the
Balgownie Seam was mined was very early in the development of subsidence
monitoring in NSW and survey instruments suitable for routine monitoring of
subsidence in three dimensions were not yet widely available or affordable.
Although the monitoring is considered to be of a high standard for the time,
the monitoring detail is relatively limited by contemporary standards.

A2-2 DRE Submission

The DRE submission dated 26 November 2013 presents feedback to the
PPR on several areas of DRE responsibility. The response presented in this
section relates only to subsidence issues raised in the submission.

The potential for some remobilisation of the overlying Bulli Seam pillars is
accepted and the differences of definition between a “pillar run” associated
with underground safety and the use of the term to describe irregular or
additional subsidence possibly beyond the boundaries of proposed mining are
recognised.

Experience to date of monitoring subsidence from Longwalls 4 and 5 does
not show any evidence of significant irregular or additional subsidence beyond
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that which would be expected in a multi-seam environment where both main
heading pillars and pillar extraction areas are present. There is some
evidence of small movements of less than a few centimetres on Mount
Ousley Road that can properly be attributed to normal subsidence beyond
the goaf edge, to the far-field redistribution of horizontal stresses, and to
downslope movement but these are of low level and these have occurred
incrementally rather than suddenly. There is evidence that these low level
movements are localised at pre-existing goaf edges consistent with
remobilisation of existing fractures within the overburden strata as would be
expected.

There is also some evidence from subsidence monitoring undertaken during
longwall mining in the Balgownie Seam of additional subsidence of up to about
0.7m directly over longwall panels that again can be properly attributed to
remobilisation of Bulli Seam workings and destabilisation of pillars within the
Bulli Seam. These areas have all been associated with areas where
additional subsidence would be expected because of the irregular extraction
geometry in the Bulli Seam. There is some softening of the goaf edge
apparent, but the surface subsidence does not appear to have been unduly
irregular as a result of the overlying Bulli Seam pillars.

Further geotechnical investigations are planned and further consultation
with DRE on these concerns is recommended.

A2-3 SYDNEY CATCHMENT AUTHORITY (SCA)

The SCA submission discusses a range of issues. Only those that relate to
subsidence, geological structure, and groundwater interactions are
discussed in this section. The SCA expresses major concerns about:

e Lack of geological investigations.
¢ Induced leakage from Cataract Reservair.
e Longwall mining within the Dams Safety Notification Area.

e Impacts on swamps such as CCUS4.
A2-3.1 Point 4 - Review of Geological Structures

Previous mining in the Bulli Seam and Balgownie Seams are considered to
provide a very strong basis for defining geological structures in the area the
proposed mining. The Bulli Seam records are considered poor to reasonable
due to the drafting standards of the time but nevertheless show the
location of major structure. The Balgownie Seam records are considered to
be to a high standard. The degree of confidence in the location of geological
structures is much greater than would normally be possible at a green fields
site based on drilling and seismic investigations because it has been possible
to accurately locate all faults and dykes underground, determine their throw,
and directly inspect some of them. This circumstance is fortunate given the
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very real issues of surface access limitations in the SCA administered
Special Area.

There still seems to be some confusion about the naming and extent of
geological fault structures and the ability of drilling to delineate fault
structures. Further discussion with the site geologist is recommended to
clarify the confusion that appears to still exist. Some of this confusion may
be a result of naming conventions, particularly in relation to the Rixons Pass
Fault which is located to the north of the PPR mining area and well outside
of any area likely to be affected by mining subsidence. Previous reporting by
others indicated that Dyke D8 may have been an extension of Rixons Rass
Fault but this interpretation has been revised on the basis of more detailed
information (Clark 2013).

There is also seems to be an underlying concern that the presence of
geological faults has potential to significantly modify the response of the
300m of overburden strata to subsidence movements. In the author’s
experience, the concept of geological fault structures significantly changing
the response of the overburden strata is not supported by experience. Near
surface thrust faults have occasionally been apparent in subsidence profiles
and a closely spaced pair of dykes is known to have once locally modified a
subsidence profile, but these are very unusual.

The concept of geological structures interacting with overlying pillars
causing them to become unstable is not considered a significant issue in the
context of the proposed mining. The creation of a longwall goaf directly
below remnant pillars in the Balgownie and Bulli Seams is expected to
destabilise small pillars as discussed in the body of this report. The
presence or otherwise of geological fault structures does not significantly
change this process and the additional subsidence that results from any
instability has already been factored into the subsidence estimates.

Again it is reiterated, the level of geological detail available at this site from
being able to mine up to and through all the geological structures in the area
is far in excess of the detail that is usually available. This detail is more than
adequate to confirm that there is no potential for geological fault structures
to significantly affect the height of depressurisation, the magnitude of
subsidence, or the connectivity between the reservoir and the mine at the
mining depths in this area.

A2-3.2 Point 4.1 - Subsidence Predictions

In the section of the SCA submission titled “Subsidence Predictions” the
method of subsidence prediction and the recommendations from SCT (2013)
are restated but with some slight changes compared to what was intended.
In this section the methods used to predict subsidence and the
recommendations are clarified.

The subsidence prediction method is based primarily on empirical
observations made during mining of Longwalls 4 and 5 recognising that
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previous mining in the overlying seams has modified the shear stiffness of
the overburden strata.

Previous subsidence data from longwall mining in the Balgownie Seam, and
from mining in the Bulli Seam further to the west are also presented to
show that there has previously been significant subsidence below Cataract
Creek and most of the swamps within the PPR mining area. Bulli Seam
subsidence data from further west was used because no subsidence data is
available for the mining in the Bulli Seam within the PPR area due to the age
of the workings.

Maximum tilts and strains are estimated using empirical data presented by
Holla and Barclay (2000) for the increment of subsidence associated with
mining the Wongawilli Seam. Holla and Barclay (2000) did not present an
incremental subsidence approach. The approach used should not to be
confused with the incremental profile method routinely used by Mine
Subsidence Engineering Consultants Pty Ltd (MSEC) and which has not been
used here.

SCT did not recommend confirmation that there are no geological structures
with potential to provide elevated hydraulic conductivity between the
reservoir and the mining horizon. SCT already considers that there is
sufficient confirmation that there are no such structures based on the high
level of geological information available and considers that there is no
potential for these structures to be significantly impacted by mining
subsidence. However, it was noted that the protection strategy relies on
having this information.

SCT is not aware of any recommendation for a program of work to test the
hydraulic conductivity of the dyke. The experience of mining through dykes in
the Southern Coalfield is that they do not provide a pathway for inflow for
the mining depths at this site.

The increase in subsidence over Longwall 4 due to mining Longwall 5 is
consistent with compression of the chain pillar and surrounding strata as
expected. As the pillar and strata above and below the chain pillar compress
at the edge of panel, so the subsidence in the adjacent previously mined
panel increases by about half the compression on the edge of the panel
Further subsidence over previous panels is routinely measured and the
increased subsidence observed over Longwall 4 is entirely consistent with
expectation.

The statement is made that “SCA considers it highly likely that the actual
vertical subsidence of Longwall 5 will surpass the revised predicted values if
Longwall & and others are mined’. The predictions have been made based on
a conservative interpretation of the available information, but SCT would be
pleased to learn of and discuss in more detail the approach that SCA has
used to support this statement.

The comment that the “reliability of subsidence predictions are critical for
the assessment of other impacts and environmental consequences’ is
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considered to be something of an overstatement. Certainly the subsidence
predictions need to be soundly based, but it should be recognised that any
small differences between predicted and actual subsidence do not usually
change the way that surface impacts are managed. The greater challenge is
determining the relationship between any given level of subsidence and the
environmental consequences so that impacts can be more appropriately
assessed.

It is unclear what the call for comprehensive assessment of the behaviour of
all faults and dykes in the proposed mining area is aiming to achieve
particularly given the high level of detail currently available. The Corrimal
Fault tapers out in the vicinity of proposed Longwalls 6 and 7 in the
Wongawilli Seam. The ground movements associated with subsidence from
mining in the Bulli Seam do not appear to have had any adverse impact on
the surface or on hydraulic connectivity with the reservoir. The D8 dyke has
been thoroughly tested by mining in the Balgownie and Bulli Seams, again
without becoming apparent on the surface in the subsidence profiles or
otherwise increasing the hydraulic conductivity of the overburden strata.
Some further discussion to better understand the requirements is
recommended.

A2-3.3 Point 4.1 - Impacts on Cataract Reservoir

The 200m wide barrier to Cataract Reservoir is considered to provide a high
level of protection to the stored waters of Cataract Reservoir. The
explanation relating to concerns about the Bulli Seam goafs are discussed
above in Section A2-1.3.

The concept of restricting mining within the DSC Notification Area does not
appear to be based on experience of impacts or the understanding outlined
in the Reynolds Inquiry and subsequently administered by the DSC. The
experience base and the restrictions to mining are based on depth to mining
and include significant factors of safety. It is entirely appropriate that there
be a DSC Notification Area to provide a mechanism to provide timely
engagement of mining companies with the DSC so that suitable protection
measures can be developed. However, this requirement for timely
engagement has no relation to the physical protection barrier required to
protect the stored waters.

The recommendation to use exploration drilling to confirm the extent of the
Corrimal Fault is not considered practical, likely to be effective, or
necessary. Development roadways will prove the existence, location, and
displacement of this structure prior to any longwall mining. Further
discussion is recommended to better understand the concerns that are
being raised.

A2-3.4 Point 4.1 - Impacts on Cataract Creek
On the basis that the definition of “presumptive” as stated in the Chambers

Twentieth Century Dictionary is “grounded on probable evidence” and “an
assumption made failing proof to the contrary” the statement that SCA
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considers it presumptive of SCT to suggest that there has not been any
impact on the creek is accepted. The original comment in SCT (2013) was
intended to convey the point that despite 1.4m of subsidence and a probable
closure of several hundred millimetres associated with this subsidence,
there is no apparent evidence to suggest that Cataract Creek is losing
significant flow into the mine or there is significant flow diversion into and
along the stream bed.

The issues relating to adaptive management of closures on Cataract Creek
are discussed in Section A2-1.2.1. The experience to date indicates that
closure can be managed through adaptive management practices. The main
challenge relates to determining how much closure is tolerable.

A2-3.5 Point 4.1 - Impacts on Swamps

The issues relating to adaptive management of swamps are discussed in
Section A2-1.2.2.

Proposed longwall mining below CCUS4 is expected to cause some physical
changes to the swamp and the first order stream that flows from it.
However, the swamp has previously been subsided by up to 0.9m and SCT
understands that there are not known to have been any significant adverse
conseguences over the long term (30 years since that subsidence occurred).
There is therefore some basis to consider that further subsidence will not
cause impacts that are significant enough to be an issue for the long term
health of the swamp.

The context of the suggestion to monitor CCUS4 closely during mining of
Longwall 6 is to provide high quality information that can be used to make
informed strategic judgements for other swamps in the area.

A2-4. OFFICE OF ENVIRONMENT AND HERITAGE (OEH)

OEH raises concerns in relation to:

e Impacts on coastal upland swamps EEC.
¢ Potential loss of water to deep storage.

e Impacts on threatened species.

These are not subsidence related issues, but some of the issues raised by
OEH relate to subsidence estimates. The following section focuses on
clarifying the subsidence related aspects.

A2-4.1 Attachment A - Upland Swamps
The concept of valley closure is raised in respect to upland swamps. Some

clarification of this concept may assist the discussion. Valley closure occurs
primarily as a result of dilation of the subsiding overburden strata below
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topographic high ground. Dilation is a natural characteristic or rock and
rock like materials when subject to disturbance and occurs in all directions.

When sloping terrain is subsided, strata dilation forces are unopposed on
the downslope side and following principles of conservation of energy (i.e.
following the path of least resistance) horizontal movements occur in the
direction of least resistance which is directly downslope. This direction gives
rise to the term “horizontal movements in a downslope direction” or
“downslope horizontal movements”.

Downslope movements give rise to valley closure in topographic low points
and stretching at topographic high points. Below the level of valley floor, the
potential for downslope movement is curtailed by the buttressing effect of
strata below the opposite bank and movement toward the valley of strata
below the base of the valley is effectively prevented. The difference in
movement is accommodated as horizontal shear movements on horizontal
bedding planes at a level close to the base of the valley.

In Hawkesbury Sandstone strata, the bedding planes that are activated by
horizontal movements in a downslope direction are typically at a level 3-6m
below the base of the river channel because these bedding planes appear to
be active as part of the natural valley forming processes that occur over
geological time. In some circumstances, it is possible for lower strength
shear horizons to be preferentially activated above the base of the creek so
that the bedrock in the creek bed is not overloaded in compression and
fractured.

These processes are occurring on a scale of whole valleys. For instance
closure movements measured during mining of Longwall 5 show that closure
of up to 50mm has occurred along a 1km section of Cataract Creek. On the
scale of individual upland swamps of the size present in PPR mining area,
there is typically not enough energy available within the subsiding rock strata
either side of the shallow valleys where the swamps are located for valley
closure to be significant enough to fracture rock. In effect, the entire
swamp moves down the slope toward the main valley of Cataract Creek
rather than the sides of the shallow valley moving laterally across the slope
toward the swamp.

The main subsidence processes that are likely to cause cracking of the
bedrock below the swamps in the PPR are associated with systematic
horizontal movements and associated conventional strains. The estimates of
maximum strain and tilt provided in Appendix 1 are based on maximum
credible values in the general vicinity of the swamp for the level of subsidence
anticipated. However, these predictions are not expected to occur at all
locations within any given swamp and may not occur within a given swamp at
all.

A2-4.2 Attachment A - Surface Water

OEH describes a range of studies that help to quantify the effect of mining
on potential inflows from the surface. It is noted that the findings of these
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studies remain consistent with studies conducted in the 1970's as part of
the Reynolds Inquiry and which have been used to regulate mining adjacent to
stored waters since that time. The height of depressurisation above
individual longwall panels has recently been shown by Tammetta (2012) to be
predictable with a high degree of confidence confirming that the Reynolds
Guidelines are very conservative (as they should bel.

The changes in panel widths and chain pillar widths referred to by OEH have
been designed to both control surface inflows and inflows from the reservoir
and the third and fourth order sections of Cataract Creek. The first and
second order sections of Cataract Creek have not been specifically
protected but are generally also protected.

In the original NRE1 No 1 Colliery — Underground Expansion Project (MPO9-
0013), large chain pillars were required to maintain low levels of surface
subsidence in the expectation that the overburden strata would bridge
across each individual panel. Subsidence monitoring from Longwalls 4 and 5
have shown that previous mining has compromised the bridging capacity of
the overburden strata and, consistent with the adaptive management
strategy being used at this site, the mine layout has been redesigned in the
PPR so that there is no mining directly below the third and fourth order
sections of Cataract Creek. The lack of overburden bridging and the mine
layout redesign make the need for overly large chain pillars to reduce
subsidence redundant. The chain pillars have consequently been resized to
sizes that are appropriate to maintain stable working conditions
underground and move Longwall 7 outside the 0.7 depth barrier to Cataract
Reservair.

It is recognised that OEH and other agencies have not had the benefit of
being able to examine the groundwater studies.

A2-5 Wollongong City Council (WCC)

WCC has expressed a number of concerns. The concerns that relate to
subsidence that have not been addressed by the PPR are mainly in relation
to proposed mining under swamps CCUS4, CCSUS, and CRUS1. These
issues are discussed in previous sections of this report, specifically Sections
A2-1.2.2, A2-1.7, A2-3.4, and A2-4.1 of this Appendix.

A2-6 NSW Department of Primary Industries (DPI)

DPI has raised a number of concerns. The concerns that relate to
subsidence mainly relate to changes in panel dimension. Other concerns
relate to groundwater and these are not specifically addressed in this report
although some of the discussion around height of depressurisation is
relevant. It is recognised that DPl and other agencies have not had the
benefit of being able to examine the groundwater studies.

The changes in panel width are discussed in Section A2-4.2, but are
discussed further here for clarification. The width of the longwall panels is
maintained at a maximum of 150m across most of the PPR with reduced
width in Longwalls 1, 2, and 7 to fit within various constraints and provide
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protection to surface features and the existing main heading developments
underground.

The subsidence predictions that have been made are based on the results of
monitoring above Longwalls 4 and 5 and these results provide a strong basis
for predicting the magnitude of subsidence that can be expected above the
remaining panels in the PPR with sufficient accuracy to enable management
strategies to be developed
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1. INTRODUCTION

As part of the proposed Underground Expansion Project (UEP), Wollongong Coal Ltd
(Wollongong Coal) proposes to extract coal from the Wongawilli Seam by longwall
extraction from Longwalls 1 to 3 and Longwalls 6 to 11 in the Wonga East mining domain.

Longwalls 4 and 5 in the Wongawilli Seam at Wonga East were recently mined between
April 2012 and January 2014.

The proposed workings are contained within Consolidated Coal Lease 745 (CCL745) and
Mining Lease 1575 (ML1575), both of which are held by Wollongong Coal.

The proposed and historic workings are predominantly located within the Metropolitan
Special Area as shown in Figure 1. The Metropolitan Special Area is a restricted area
managed by the Sydney Catchment Authority.

The Study Area is located approximately 13km northwest of Wollongong and is defined as
the area within the 20mm predicted subsidence zone (SCT Operations 2014) above the
proposed Wongawilli Seam workings.

Potential Significant Feature Zones have been defined as 600m wide zones that extend
from the edge of the secondary extraction footprint for the assessment of any potentially
significant natural features (NSW Planning Assessment Commission, 2009).

In addition, Risk Management Zones have been defined with 400m wide (or 40° angle of
draw from the edge of the proposed underground workings) corridors that extend centrally
from the creek centre line for the Cataract River, Cataract Creek and Bellambi Creeks.

Where either of these two zones extend outside the footprint of the 20mm subsidence
zone, they have been incorporated in the Study Area for this assessment.

Within Wonga East, 1% and 2" order tributary creeks drain into the 3", and subsequently
4" order catchment of Cataract Creek, downstream of the freeway, and the 3" order
catchments of Cataract River.

The Wonga East catchments drain directly into Cataract reservoir and subsequently, to
Broughtons Pass weir. Cataract River subsequently drains downstream to the off-take to
the Macarthur Water Treatment plant at Broughtons Pass Weir.

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

The Study Area is focussed on the main channel of Cataract Creek, with Bellambi Creek
on the northern periphery and Cataract River in the western region.

None of the main creek channels will be undermined by the proposed workings.

The Study Area contains steep gradient valleys that drain off the western slopes of the
lllawarra escarpment to Cataract reservoir in the west.

The proposed Wonga East workings predominantly underlie the Cataract Creek
catchment, and to a lesser degree, the Cataract River and Bellambi Creek catchments.
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Figure 1 Wonga East Historic and Proposed Mining

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

Land use within the Study Area generally consists of undeveloped bushland, including
some limited fire access and power transmission access trails.

This study provides a baseline assessment of the current status of potentially affected
groundwater systems within the proposed mining area in accordance with the Director-
Generals Requirements (DGR'’s) for the project as well as subsequent Preferred Project
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Report review correspondence by the relevant regulatory departments.

Office assessments, field monitoring, laboratory analysis and computer modelling studies
have been used to prepare a baseline assessment of the shallow and deep groundwater
systems, as well as perched upland swamp water levels, water quality and aquifer
hydraulic parameters within the Study Area.

The study assesses the potential mining impact on the groundwater 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.

Related groundwater features within the Study Area 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;

o headwater swamps within Cataract Creek, Bellambi Creek and Cataract River
catchments;

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

e “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.

Previous underground mining in and adjacent to the Study Area has been conducted
through longwall mining of the Bulli Seam in Wollongong Coal’s lease area to the west,
east and beneath Cataract reservoir, as well as in BHP Billiton’s (BHPB) Cordeaux and
Corrimal lease areas to the south and the BHP Old Bulli workings to the north.

Multi seam mining has been conducted at Wonga East through:

e bord and pillar, as well as pillar extraction of the Bulli Seam at Wonga East, along
with predominantly bord and pillar mining, and to a lesser degree, longwall
extraction in the old Australian Iron and Steel (AIS) (subsequently BHPB) Bulli
Colliery workings to the north and Corrimal colliery to the south of Wonga East.

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

e extraction of Longwalls 4 and 5 in the Wongawilli Seam at Wonga East.

The proposed mine plan has been specifically designed to not directly undermine the main
channels of Cataract and Bellambi Creeks, Cataract River or Cataract reservoir.

The proponent has committed to developing a closure based trigger system for managing
impacts on the creek with the exact values to be determined based on the best available
predictive models and assessment of existing closure data from LW 4 & 5. This will be
undertaken in liaison with regulators as part of the development of management plans for
Cataract Creek.
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The stream assessment for the Study Area is discussed seperately in WRM Water and
Environment (2014), whilst the swamp assessment is detailed in Biosis (2014).

1.1 Scope of Work

In accordance with the Director General's Requirements for Project Application 09_0013,
(20/3/2009), the requirements for the groundwater component of the assessment are:

e adescription 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);

This document also addresses submissions from the relevant regulators in response to
the Underground Expansion Project Preferred Project Report provided by Gujarat NRE
Coking Coal Ltd (now Wollongong Coal Ltd) to the Department of Planning and
Infrastructure (DoPl), on 28 August 2013, as well as subsequent correspondence between
Wollongong Coal, DoPI and its authorised representatives.

Geoterra Pty Ltd (Geoterra) and Groundwater Exploration Services Pty Ltd (GES) were
commissioned by Wollongong Coal Ltd to address any potential groundwater impacts
relating to the proposed extraction and associated subsidence of the Wongawilli Seam in
the Wonga East mining area, as proposed for the UEP.

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

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

e groundwater quality of the upland swamps, shallow and deeper Hawkesbury
Sandstone units;

e hydraulic parameters of the upland swamps, Hawkesbury Sandstone and other
formations overlying the proposed workings, and;

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

o develop a conceptual groundwater model and represent the Study Area with a
numerical MODFLOW SURFACT groundwater model to assess potential
underground mining impacts on the local and regional groundwater system;
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e provide a qualitative and quantitative assessment of cumulative impacts from
adjacent existing and approved mines;

e assess post mining groundwater impacts in regard to groundwater level recovery;

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

e indicate groundwater monitoring measures 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

2. RELEVANT LEGISLATION AND GUIDELINES
The report has been prepared with reference to the following documents;

e Barnettetal, 2012, Australian Groundwater Modelling Guidelines, Water lines
Report, National Water Commission, Canberra

e National Water Quality Management Strategy Guidelines for Groundwater
Protection in Australia (ARMCANZ/ANZECC);

o NSW State Groundwater Policy Framework Document (NSW Department of Land
and Water Conservation [DLWC]);

o NSW State Groundwater Quality Protection Policy (DLWC);
o NSW Draft State Groundwater Quantity Management Policy (DLWC);
o NSW Groundwater Dependent Ecosystem Policy (DLWC);

e Murray-Darling Basin Commission Groundwater Quality Sampling Guidelines
Technical Report No 3 (MDBC);

e Murray-Darling Basin Commission. Groundwater Flow Modelling Guideline
(MDBC);

e Water Management Act 2000;

e Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources
2011 (NSW Office of Water — NOW); and

o NSW Aquifer Interference Policy (NOW).

2.1 State Groundwater Policies and Management Plans

The aquifers are covered, as appropriate, by the generic State Groundwater Policy
(DLWC, 1997), Groundwater Quality Protection Policy (DLWC, 1998).

The Study Area lies within Groundwater Flow System 5 (GFS5) Hawkesbury Sandstone -
South-East (Grey and Ross, 2003) which includes the catchment of Cataract Dam. As the
area is within the Sydney Catchment Authority controlled Metropolitan Special Area, no
groundwater supply work development is permitted as it is a protected area. As such,
there are no private bores. GFS5 has a sustainable yield estimate of 58,000 ML/year
(Grey and Ross, 2003).
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The Water Sharing Plan for the Greater Metropolitan Region Groundwater Sources 2011
encompasses the Study Area. The Study Area is within the Sydney Basin Nepean
Groundwater Source Area.

The water sharing plan annual rainfall recharge in the Sydney Basin Nepean Groundwater
Source Area is assessed at 224,483ML/year. This volume is subdivided into consumptive
pool water and environmental water, with 124,915ML/year of the long term annual
average recharge being reserved as environmental water. The remaining volume is
classified as a sustainable yield or long term average extraction limit of 99,568ML/year.

The current extraction limits and groundwater entitlement volumes do not include all water
taken through aquifer interference activities such as mine voids (remnant or otherwise).

Reservation of environmental water aims to support the long term viability of the aquifers
and their dependent ecosystems.

While it does not extend into the Study Area, there is currently an embargo on further
applications for sub-surface water licences in the Southern Coalfield (ordered under
section 113A of the Water Act, 1912), for areas covering the:

¢ Nepean Sandstone Water Shortage Zone GWMA 607 (gazetted 8 June 2007); and
o NSW Southern Highlands (gazetted 21 May 2004 and 16 December 2005).

2.2 Water Management Act 2000

The Water Management Act 2000 allows for the development fo water sharing plans
(WSPs). The rules of WSPs determine how water is to be allocated between water users
and the environment. WSPs include extraction limits to ensure that there is sufficient
water in the water source to maintain environmental health.

In regard to swamps, the Water Management Act provides for protection of groundwater
dependent ecosystems (GDES) in Sections 3, 5 and 9. GDEs are also protected through
clauses 8(1) and 9 as well as Schedule 4 of the WSP.

Upland Swamps within the Study Area are not representative of the Temperate Highland
Peat Swamps on Sandstone (THPSS) EEC listed under the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999 (EPBC Act). The listing advice for the
THPSS EEC (TSSC 2005) contains a number of criteria not met by the upland swamps
within the Study Area.

It is understood that the Department of Environment (DoE) are currently reviewing the
listing of upland swamps, and that the new listing advice is likely to cover swamps on the
Woronora plateau, as outlined in Biosis (2012).

Notwithstanding, the upland swamps within the Woronara Plateau were considered to be
significant by the Office of Environment and Heritage (OEH)in the Bulli PAC report.
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2.3 Water Sharing Plan for the Greater Metropolitan Region Groundwater Water
Sources 2011

The water sharing plan also includes rules aimed at protecting Groundwater Dependent
Ecosystems consistent with the Groundwater Dependent Ecosystem Policy (DLWC,
2002). The policy includes wetlands, terrestrial vegetation and caves or karst systems. In
the proposed plan, terrestrial ecosystems are protected by a 200m stand off for new bores
from any sandstone escarpment where hanging swamps or base flow to rivers is
supported by groundwater. It should be noted, however, that no extraction bores are
proposed and there are no “hanging” swamps, as opposed to “Upland” swamps in the
Study Area

The Project is located within the Sydney Basin Nepean Groundwater Source
(Management Zone 2) under the WSP. The rules of the WSP that may be relevant to the
proposed mining include:

e A commercial access licence under a controlled allocation order may be made in
relation to any unassigned water in this water source

To minimise interference between neighbouring works

Clause 39 of the WSP states that no water supply works (bores) to be granted or
amended within the following distances of existing bores:

e 400m from an aquifer access licence bore on another landholding, or

¢ 100m from a basic landholder rights bore on another landholding, or

¢ 50m from a property boundary (unless written consent from neighbour), or

e 1,000m from a local or major water utility bore, or

e 200m from a NSW Office of Water monitoring bore (unless written consent from
NSW Office of Water).

To protect bores located near contamination

Clause 40 of the WSP states that no water supply works (bores) are to be granted or
amended within:

o 250m of contamination as identified in the WSP, or

e 250m to 500m of contamination as identified within the plan unless no drawdown
of water will occur within 250m of the contamination source,

e a distance greater than 500m of contamination as identified within the plan if
necessary to protect the water source, the environment or public health and safety.

To protect water quality

Pursuant to clause 40 of the WSP, to minimise the impact on water quality from saline
interception in the shale aquifers overlying Sydney basin sandstone, the bore being used
to take groundwater must be constructed with pressure cement to seal off the shale
aquifer as specified by the Minister.

To protect bores located near sensitive environmental areas

Clause 41 of the WSP provides that no water supply works (bores) to be granted or
amended within the following distances of high priority Groundwater Dependent
Ecosystems (GDESs) (non Karst) as identified within the plan:

e 100m for bores used solely for extracting water under basic landholder rights, or
e 200m for bores used for all other access licences.
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The above distance restrictions for the location of works from high priority GDEs do not
apply where the GDE is a high priority endangered ecological vegetation community and
the work is constructed and maintained using an impermeable pressure cement plug from
the surface of the land to a minimum depth of 30m.

The Project is not located near any high priority GDESs listed under the WSP.

No water supply works (bores) to be granted or amended within the following distances
from these identified features:

e 500m of high priority karst environment GDESs, or

e a distance greater than 500m of a high priority karst environment GDE if the
Minister is satisfied that the work is likely to cause drawdown at the perimeter of
the high priority karst GDE, or

e 40m of a river or stream or lagoon (3" order or above),

e 40m of a 1% or 2" order stream, unless drilled into underlying parent material and
slotted intervals commence deeper than 30m. (30m may be amended if
demonstrate minimal impact on base flows in the stream.), or

e 100m from the top of an escarpment.

To protect groundwater dependent culturally significant sites

Clause 42 of the WSP states that no water supply works (bores) to be granted or
amended within the following distances of groundwater dependent culturally significant
sites as identified within the plan: ,

e 100m for bores used for extracting for Basic Landholder Rights, or
e 200m for bores used for all other aquifer access licences.

The Project is not located near any groundwater dependent culturally significant sites
under the WSP.

Rules for replacement groundwater works

Clause 38 of the WSP states that a replacement groundwater work must be constructed to
take water from the same water source as the existing bore and to a depth specified by
the Minister.

A replacement work must be located within:

e 20 metres of the existing bore; or

e |If the existing bore is located within 40 metres of the high bank of a river the
replacement bore must be located within 20 metres of the existing bore but no
closer to the high bank of the river or a distance greater if the Minister is satisfied
that it will result in no greater impact

Replacement works may be at a greater distance than 20 metres if the Minister is satisfied
that doing so will result in no greater impact on the groundwater source and its dependent
ecosystem.

The replacement work must not have a greater internal diameter or excavation footprint
than the existing work unless it is no longer manufactured. If no longer manufactured the
internal diameter of the replacement work must be no greater than 110% of the existing
work.
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To manage bores located near contaminated sites

Under clause 44 of the WSP, the maximum amount of water that can be taken in any one
year from an existing work within 500 metres of a contamination source is equal to the
sum of the share components of the access licences nominating that work at
commencement of the plan.

To manage the use of bores within restricted distances

Under clause 44 of the WSP, the maximum amount of water that can be taken in any one
year from an existing work within the restricted distances to minimise interference
between works, protect sensitive environmental areas and groundwater dependant
culturally significant sites is equal to the sum of the share component of the access
licence nominating that work at commencement of the plan.

To manage the impacts of extraction

The Minister may impose restrictions on the rate and timing of extraction of water from a
water supply work to mitigate the impacts of extraction.

Available Water Determinations

The Available Water Determination (AWD) represents the volume of water that can be taken per
unit share. The maximum allowable AWD is 1 ML per share. The AWD for aquifer access
licences in the Sydney Basin Nepean Groundwater Source is currently 1 ML per share.

AWDs are prescribed by NOW and may change in response to climatic conditions or
growth in use.

Trading Rules

Section 71Q of the WM Act allows the Minister to alter the assignment of shares between
multiple water access licences. That is, part of the share component from one licence can
be assigned to the other licence. Share components can only be re-assigned between
water access licences in the same water source.

Clause 47 of the WSP states that assignment of shares between licences is prohibited
under certain circumstances. Relevantly, within the Sydney Basin Nepean Groundwater
Source, an assignment of share from Management Zone 2 to Management Zone 1 is
prohibited if the trade will cause the total share component for Management Zone 1 to
exceed the total share component at the commencement of the plan. Trading within
management zones permitted subject to local impact assessment.

Conversion to another category of access licence

Clause 46 of the WSP prohibits the conversion of water access licences from one
category to another within the water sources that are subject to the WSP.

2.4 NSW Aquifer Interference Policy
The NSW Aquifer Interference Policy was released in September 2012.

Under the policy, and the associated WM Act, an aquifer is a geological structure or
formation that is permeated with water or is capable of being permeated with water.
Groundwater is defined as all water that occurs beneath the ground surface in the
saturated zone. For the purpose of the policy, the term “aquifer” has the same meaning as
groundwater system.
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The Water Management Act 2000 defines an aquifer interference activity as the:

penetration of an aquifer,

interference with water in an aquifer,

obstruction of the flow of water in an aquifer,

taking of water from an aquifer in the course of carrying out mining or any other
activity prescribed by the regulations, and the;

o disposal of water taken from an aquifer in the course of carrying out mining or any
other activity prescribed by the regulations.

A water licence is required under the Water Management Act 2000, unless an exemption
applies or water is being taken under a basic landholder right, where any act by a person
carrying out an aquifer interference activity causes the:

removal of water from a water source;

o movement of water from one part of an aquifer to another part of an aquifer;
movement of water from one water source to another water source, such as from
an aquifer to an adjacent aquifer, an aquifer to a river/lake, or from a river/lake to an
aquifer.

The AIP lists a number of activities that are deemed to be minimal impact aquifer interference
activities. In terms of mining, activities considered as having a minimal impact include:

sampling and coring using hand held equipment;

trenching and costeaning;

access tracks;

leachate ponds and sumps if constructed, operated and abandoned in accordance

with appropriate standards and guidelines as determined by the Minister;

e construction and ongoing use of tailings and ash dams if lined with an impervious
layer providing these are carried out in accordance with their planning and other
approvals;

e caverns, tunnels, cuttings, trenches and pipelines (intersecting the water table) if a

water access license is not required,;

The Aquifer Interference Policy also states that monitoring bores are deemed to be minimal
impact activities if the bores are:

¢ required by a development consent under Part 4 or an approval under Part 5.1, of the
Environmental Planning and Assessment Act 1979,

e required or undertaken as a result of an environmental assessment under Part 5 of
that Act,

e required by a condition of an environment protection license under the Protection of
the Environment Operations Act 1997, or where;

e core holes, stratigraphic (chip) holes, geo-environmental and geotechnical bores,
works or activities intersecting the water table if they are decommissioned in such a
way as to restore aquifer isolation to that which existed prior to the construction of the
bore, work or activity and that the decommissioning is conducted within a period of
28 days following completion of the bore, work or activity;

The Water Management Act 2000 includes the concept of ensuring "no more than minimal
harm" for both the granting of water access licenses and the granting of approvals. Water
access licenses are not to be granted unless the Minister is satisfied that adequate
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arrangements are in force to ensure that no more than minimal harm will be done to any
water source as a consequence of water being taken under the license.

Where a water access licence has been applied for by a method consistent with a controlled
allocation process then adequate arrangements are in force to ensure that no more than
minimal harm will occur. This is because the controlled allocation process allows for the
allocation of a proportion of the unassigned water within the relevant water source using a
conservative approach. Furthermore, unassigned water can only occur where total water
requirements within a water source are less than the long-term average annual extraction
limit specified in the relevant water sharing plan.

Where water is to be taken from a water source that has no unassigned water or
insufficient unassigned water to account for any inflows to the activity, either surface or
groundwater, then water entitlements will need to be purchased from an existing licensed
user.

Any access licence dealing requiring the Minister's consent will need to consider the
requirements of section 71Y of the Water Management Act 2000, including the water
management principles that require water sources to be protected and social and economic
benefits to be maximised.

Aquifer interference activities may induce flow from adjacent groundwater sources or flow
from connected surface water sources to compensate for the water taken from the aquifer in
which the activity is occurring or to fill the void created in the aquifer.

Where an aquifer interference activity is taking water from a groundwater source, and this
causes movement from an adjacent, overlying or underlying groundwater source, separate
aquifer access licenses are required for the groundwater source and for any adjacent,
overlying or underlying groundwater sources.

Where an aquifer interference activity causes movement of water from a connected
regulated or unregulated river water source into the groundwater source, then an access
license in the regulated or unregulated river water source is required to account for the take
of water from that water source and another access license in the groundwater source is
required for the remainder of the take.

Where an aquifer interference activity is incidentally taking water from a river it must be
returned to that river when river flows are at levels below which water users are not
permitted to pump.

It is the proponent's responsibility to ensure that the necessary licenses are held with
sufficient share component and water allocation to account for all water take, both for the life
of the activity and after the activity has ceased.

In determining what licenses are required and which water source(s) the activity will take
water from, the following need to be considered,;

e prediction of the total amount of water that will be taken from each connected
groundwater or surface water source on an annual basis as a result of the activity
and after closure of the activity. Where required, predictions should be based on
modeling conducted in accordance with the Australian Groundwater Modeling
Guidelines;

¢ how and in what proportions this take will be assigned to the affected aquifers and
connected surface water sources;

e how any relevant license exemptions might relate to the water to be taken by the

1
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activity;

whether the water is taken at a fixed or varying rate;

whether sufficient entitlements and allocations are able to be obtained;
consideration of water sharing plan rules;

by what mechanism and license category the water will be obtained, consistent with
any trading rules specified in either the Minister's access license dealing principles
and/or relevant water sharing plans;

the effect that activation of existing entitlement may have on future available water
determinations for the proposed license category and entitlement volume;

actions required both during operation and post-closure to minimise the risk of
inflows to a mine void as a result of flooding. Set-back distances from rivers should
be no less than that required to ensure structural integrity of the river bank during
flooding events. Levee banks or landforms should also be constructed at the
appropriate time to prevent at least a 1 in 100 year flood from entering the site either
during or after operation, and;

a strategy for accounting for any water taken beyond the life of the operation of the
project, such as holding the appropriate entittement or surrendering a component of
the entitlement at the end of the project. Where a license or part of a license has
been surrendered to the Minister, a security deposit or condition of consent under
the EP&A Act may account for or require the upfront payment of fees and
subsequently the license may be retained for the period of ongoing take of water or
cancelled.

Where uncertainty in the predicted inflows may have a significant impact on the environment
or other authorised water users, the applicant will need to report on:

potential for causing or enhancing hydraulic connection between aquifers or
between groundwater and surface water sources, and quantification of this risk;
guantification of any other uncertainties in the groundwater or surface water impact
modeling conducted for the activity; and

strategies for monitoring actual and reassessing any predicted take and how
changes will be accounted for, including analysis of water market depth and/or in situ
mitigation and remediation options

Where there is ongoing take of water, the holder must retain a license until the system
returns to equilibrium or surrender it to the Minister. Surrendering entitlements that
adequately cover any likely future low available water determination periods is preferable.

The NSW Office of Water will assess the potential impacts of the aquifer interference activity
against the minimal impact considerations, as well as any specific rules in a relevant water
sharing plan

There are two levels of minimal impact considerations specified in Table 1.

Groundwater sources have been divided into "highly productive" and "less productive". Highly
productive groundwater is defined as a source that is declared in the Regulations and:
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has total dissolved solids less than 1,500 mg/L, and
contains water supply works that can yield water at a rate greater than 5 L/sec.



NRE8 R1C GW (19 June 2014)

GeoTerra / GES

Highly productive groundwater sources are grouped into:

e Alluvial;
Coastal sands;
e Porous rock;

0 Great Artesian Basin - Eastern Recharge and Southern Recharge;
0 Great Artesian Basin - Surat, Warrego and Central;

e other porous rock, and
o fractured rock

Less productive groundwater sources are grouped as:

e Alluvial;
e Porous rock, and;
e Fractured rock.

Table 1

Minimal Impact Considerations for Aquifer Interference Activities — Less

Productive Porous Rock Groundwater Sources

Water Table

Water Pressure

Water Quality

LEVEL 1

Less than or equal to 10% cumulative variation
in the water table, allowing for typical post water
sharing plan (WSP) variations, 40m from any:

High priority
ecosystems, or

groundwater dependent

High priority culturally significant site;
listed in the schedule of the relevant WSP.

A maximum of 2m decline cumulatively at any
water supply work.

A cumulative pressure
head decline of not
more than 2m decline
at any water supply
work.

Any change in the
groundwater quality
should not lower the
beneficial use category
of the groundwater
source beyond 40m
from the activity.

LEVEL 2

If there is more than 10% cumulative variation in
the water table, then appropriate studies will
need demonstrate to the ministers satisfaction
that the variation will not prevent the long term
viability of the dependent ecosystem or
significant site

If more than 2m decline cumulatively at any
water supply work then make good provisions
should apply.

If there is more than a
2m  pressure head
decline, then

appropriate studies will
need to demonstrate to
the ministers
satisfaction that the
decline will not prevent
the long term viability of
the water supply works
unless make good
provisions apply

If the above condition is
not met, then
appropriate studies will
need to demonstrate to
the minister’s
satisfaction that the
change in groundwater
quality will not prevent
the long term viability of
the dependent
ecosystem, significant
site or affected water
supply works.

13
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If the predicted impacts are less than the Level 1 minimal impact considerations, then these
impacts will be considered as acceptable.

Where an activity's predicted impacts are greater than Level 1, but they exceed it by no more
than the accuracy of a robust model, then the project will be considered as having acceptable
impacts, with monitoring, as well as potential mitigation or remediation required during
operation.

If the predicted impacts exceed Level 1 by more than the accuracy of a robust model, then
the assessment will need to involve additional studies, and if the impacts will not prevent the
long-term viability of the water dependent asset, then the impacts will be considered
acceptable.

A risk management approach to assessing the potential impacts of aquifer interference
activities will be adopted, where the level of detail required is proportional to the likelihood of
impacts occurring on water sources, users and dependent ecosystems and the potential
consequences.

In addition to the volumetric water licensing considerations, a proponent will need to provide;

baseline groundwater depth, quality and flow;
e astrategy for complying with any water access rules;
potential water level, quality or pressure impacts on nearby water users, connected
ground / surface water sources and groundwater dependent ecosystems;
o the potential for increased saline or contaminated water inflows to aquifers and highly
connected river systems;
the potential to cause or enhance hydraulic connection between aquifers;
the potential for river bank instability, or high wall instability or failure to occur;
the method for disposing of extracted water;
contingency plans or remedial measures if impacts are outside of the licensing and
approval requirements.

If a development consent under Part 4, Division 4.1 or Part 5.1 of the EP&A Act has been
granted or for any approved mining or CSG production activity that was not subject to the
Gateway process, the maximum predicted annual water quantities are to be licensed from
the commencement of the activity.

Aquifer Interference Approval
Under the WM Act, an aquifer interference activity requires:

e The necessary volumetric WALs
e A separate aquifer interference approval.

An aquifer interference approval confers a right on its holder to carry out specified aquifer
interference activities at a specified location or area.

Under section 91F of the WM Act, it is an offence to carry out an aquifer interference
activity without an aquifer interference approval. An aquifer interference activity includes
the penetration, interference or obstruction of flows within an aquifer or to take or dispose
of waters from an aquifer.

However, section 91F of the WM Act does not currently apply. Section 88A provides that
Part 3 of Chapter 3 (including section 91F) applies to each part of the State or each water
source and each type or kind of approval that relates to that part of the State or that water
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source that is declared by proclamation. In essence, the AIP applies, however the
approvals framework has not been finalised.

A framework for the implementation of the AIP was produced by NoW (October 2013) and
this report addresses the key issues in this document.

Licences for Impacts on Stream Baseflow

Any reduction in baseflow as a result of depressurisation will also require a water access
licence under the WSP for the unregulated rivers. The Project is located within the Upper
Nepean and Upstream Warragamba water source under the Water Sharing Plan for the
Greater Metropolitan Region Unregulated River Water Sources 2011.

Any take of surface water / baseflow as a result of depressurisation of deeper aquifers will
require a water access licence within this water source.

2.5 Environment Protection and Biodiversity Conservation Act 1999

The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) is the
main Commonwealth environmental legislation that provides legal framework to protect
and manage matters of environmental significance including nationally and internationally
important flora, fauna, ecological communities and heritage.

The EPBC Act was amended to introduce a new matter of national environmental
significance named the “Protection of Water Resources from Coal Seam Gas
Development and Large Scale Coal Mining Development”.

Pursuant to the EPBC Act, an action that has, will have, or is likely to have a significant
impact upon Matters of National Environmental Significance (MNES) is declared a
“controlled action” and requires the approval of the Commonwealth Minister for
Environment.

Approval under the Commonwealth EPBC Act is in addition to requirements under NSW
State legislation.

The EPBC Act lists Matters of National Environmental Significance (MNES) that must be
addressed when assessing the impacts of a proposal.

Water resources are also an MNES and the potential impact of the Project must be
assessed in accordance with the Independent Expert Scientific Committee’s Information
Guidelines for Proposals Relating to the Development of Coal Seam Gas and Large Coal
Mines where there is a Significant Impact on Water Resources (IESC, February 2013) and
the Significant Impact Guidelines 1.3: Coal Seam Gas and Large Coal Mining
Developments — Impacts on Water Resources (Department of Environment, December
2013). The criteria are presented below for;

Hydrological Characteristics, covering changes in the:

e water quantity, including the timing of variations in water quantity;

e integrity of hydrological or hydrogeological connections, including substantial
structural damage (e.g. large scale subsidence), and;

e area or extent of a water resource.
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Water Quality, in regard to, if;

there is a risk that the ability to achieve relevant local or regional water quality
objectives would be materially compromised;

a project creates risks to human or animal health or to the condition of the natural
environment as a result of the change in water quality;

a project substantially reduces the amount of water available for human
consumptive uses or for other uses, including environmental uses, which are
dependent on water of the appropriate quality;

a project could cause persistent organic chemicals, heavy metals, salt or other
potentially harmful substances to accumulate in the environment;

a project could seriously affect the habitat or lifecycle of a native species
dependent on a water resource;

there is a significant worsening of local water quality (where current local water
quality is superior to local or regional water quality objectives), and if:

high quality water is released into an ecosystem which is adapted to a lower
quality of water

2.6 Southern Coalfields Inquiry, Metropolitan and Bulli Seam Operations Planning
Assessment Commission

In addition to the policies and guidelines outlined in Section 2.0, the three following reports
have also guided the current assessment:

NSW Dept of Planning, 2008 Impacts of Underground Coal Mining on
Natural Features in the Southern Coalfield — Strategic Review;

NSW Planning Assessment Commission, 2009 The Metropolitan Coal Project
Review Report, and;

NSW Planning Assessment Commission, 2010 Bulli Seam Operations PAC
Report

The combined groundwater related issues highlighted in the above Planning Assessment
Commission (PAC) reports that are addressed in this study are:

16

the use of 3D groundwater numerical modelling that can adequately address high
contrasts in hydraulic properties and steep hydraulic gradients in non-steady state
flow domains

aquifer numerical modelling used as a management tool for the ongoing prediction
of impacts attributed to longwall extraction

adequate density and duration of observations with respect to redirected surface
flows and regional strata depressurisation, ideally with a minimum two years of
baseline environmental data collected at appropriate frequency and scale

the possibility of a fault or dyke, or other linear features providing a potential
leakage conduit from surface to below the Bald Hill Claystone and development of
a strategy to characterise the structure and determine the magnitude and extent of
the leakage.
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The reports indicate that groundwater monitoring regimes and impact assessments should

be based on:
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shallow piezometers monitoring groundwater levels within significant
upland swamps, drainages or connected alluvium with sufficient distribution
to characterise the swamp with a high level of confidence in potentially
affected areas. Water level measurements should be automated with daily
or more frequent recording;

sufficient piezometers in swamps and associated regional groundwater
systems to verify perching and to monitor the underlying hardrock water
table

groundwater quality classification through regular sampling and analyses
that can discriminate mining related impacts and ionic species attributable
to new water/rock interactions;

deep piezometer installations to monitor pore pressures in the natural rock
strata with sufficient distribution to describe the distribution of deep aquifer
pressures with a high level of confidence using automated daily or more
frequent recording;

strata porosity and permeability measurements used to calculate
subsurface flows and presentation of a database to facilitate impact
assessment using packer testing, variable head testing, test pumping, core
analyses (matrix properties and defects inspections) and geophysical
logging where appropriate; and

a mine water balance (Beca, 2010) to confirm groundwater transmission
characteristics of the coal seam, overburden and drainage characteristics
of goaves and the overlying failure regimes. Use of a mine water balance
can also indicate potentially anomalous mine water seepages that may be
initiated by increased connectivity to surface drainage systems or in
association with igneous intrusions. The water balance should account for
water pumped into and out of the mine, coal moisture, ventilation moisture
and any other exports. The capacity of the mine water management system
to manage increased contributions from underground operations should
also be addressed.

use of airborne laser survey for detailed topographic mapping, GIS of
groundwater systems assessment and management and consideration of
data generated by other mine sites

wireline geophysical logging (natural gamma; density (neutron), resistivity,
sonic, acoustic scanner) to improve interpolation of measured permeability
and porosity.
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3. PREVIOUS GROUNDWATER RELATED STUDIES

Within the Wollongong Coal 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 Cataract
reservoir (Singh, R.N. Jakeman, M. 2001).

Vibrating wire piezometers in open standpipe bores P501 and P502 were used to monitor
groundwater levels since December 1992 and August 1993 over Longwalls 501 and 502
respectively and since November 1998 in an open standpipe piezometer P514 over
Longwall 514.

Geoterra (2012) conducted a detailed groundwater model and impact assessment for both
the Wonga East and Wonga West proposed mining domains as part of the original
Underground Expansion Project Part 3A (Pt3A) application.

The extent of historic fracturing and depressurisation due to subsidence over previous
Wollongong Coal workings was assessed in SCT Operations (2014) and the findings are
discussed in subsequent sections of this report.

In addition, stream water quality, groundwater seepage and stream flow studies have
been conducted since 2001, as outlined in Geoterra (2014A).

4. PREVIOUS AND PROPOSED MINING
4.1 Previous Mining
Three coal seams have been mined at Russell Vale Colliery.

The uppermost is the 2 - 2.5m thick Bulli Seam where most of the previous mining activity
has occurred. The 1.3m thick Balgownie Seam is located 5 - 10m below the Bulli Seam,
whilst the 7 - 9m thick Wongawilli Seam is located 18 - 26m below the Balgownie Seam.
However, only the bottom 3 - 3.5m of the Wongawilli Seam has been mined.

4.1.1 Bulli Seam

The Bulli Seam was mined between the late 19th Century and about 1950, initially as a
hand worked bord and pillar operation and then with some mechanized 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.

4.1.2 Balgownie Seam

The Balgownie Seam was started in the late 19th Century in the Wonga East area using
hand worked methods for a brief period. Mining restarted in the late 1960's 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.).

4.1.3 Wongawilli Seam

Mining of the Wongawilli Seam mining access started in 2008 at Wonga East. This seam
has been mined by Longwall 4 from 22/4/2012 to 23/09/2012 and by Longwall 5 between
15/01/2013 and 12/01/2014.
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4.2 Proposed Mining

Wollongong Coal is proposing to mine additional longwall panels in an area referred to as
the Wonga East mining area at Russell Vale Colliery.

After consideration of submissions from the community and government agencies to its
earlier Underground Expansion Project Part 3A (Pt3A) application, Wollongong Coal (then
Gujarat NRE Coking Coal) significantly modified the application through a Preferred
Project Report (PPR). The Preferred Project does not include any mining in the Wonga
West area.

The current proposal includes the extraction of Longwalls 6 and 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 the SCA managed land.
Longwall 8 has been excluded from the Underground Expansion Project by the PPR.

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

4.3 Observed and Predicted Subsidence

The following section is a compilation of relevant findings from SCT Operations (2013)
and SCT Operations (2014).

Previous mining in the Bulli and Balgownie Seams is estimated to have caused up to 1.9m
of subsidence.

Maximum subsidence due to mining in the Wongawilli Seam is predicted to range from
1.5m over the slightly narrower LW7 to 2.6m over LW3 where the overburden depth is
shallowest with overlying goaf in both seams.

Maximum tilts are anticipated to range from 24mm/m over LW10 through to 51 mm/m
above LW3. The peak values are anticipated to occur at the goaf edges and with areas of
higher change in topographic gradient. Across a panel, systematic tilts are likely to range
from 50 - 90% of peak values.

Maximum strains are anticipated to range from peaks of 14mm/m over LW10 to 31mm/m
over LW3. Tensile peaks are most likely to occur at topographic high points and
compression peaks are most likely at topographic lows. More generally across the panel,
systematic strains are likely to be 20 - 30% of the peak values.

The predicted closure across Cataract Creek ranges from 10 — 50mm adjacent to
Longwalls 9 to 11, 400mm adjacent to Longwalls 6 and 7, with up to 650mm adjacent to
Longwalls 6 and 7.

These estimates are provided as upper limit values as they are based on experience in
deep gorges at high stress levels.

Monitoring to date has recorded closures that are much less than predicted maxima
consistent with the local site conditions.

Table 2 summarises subsidence that has occurred in the area of extraction during mining
in the Bulli Seam (estimated) and the Balgownie Seam (measured) as well as observed
and predicted subsidence due to the proposed mining in the Wongawilli Seam.
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Movements outside the goaf edge are expected to be essentially similar to the movements
observed during mining of Longwalls 4 and 5. Vertical movements (of greater than 20mm)
are expected to be substantially limited to within a distance of 0.7 times the overburden
depth from the nearest goaf edge (equivalent to an angle of draw of 35°).

In areas where there has been previous mining in both the overlying seams, vertical
subsidence at the goaf edge is expected to be up to 300 - 500mm and the goaf edge
subsidence profile over the panel is expected to be generally steeper than in areas where
the overburden strata has not been disturbed by previous mining. In areas where there is
either solid coal or substantial coal pillars directly above the goaf edge, goaf edge
subsidence is expected to be of the order of 100 - 200mm.

Potential pillar instability in the Bulli Seam may cause additional surface subsidence when
the proposed longwall panels are mined in the Wongawilli Seam, but the area likely to be
affected at the northern end of LW1 is likely to require special consideration.

Table 2 Historic and Predicted Subsidence
Previous Predicted Predicted | Predicted Predicted Maximum Cataract
Bulli and and and and and Creek Closure (mm)
Balgownie | Measured | Measured | Measured Measured
Seam Subsidence Tilt Tensile | Compressive
Subsidence (m) (mm/m) Strain Strain
(m) (mm/m) (mm/m)
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
LwW4 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) at closure site CC4
LW6 1.5 2.1 38 11 23 400
LW7 1.2 15 28 8 17 400
LW9 0.5 2.1 32 10 19 50
LW10 0.6 1.6 24 7 14 30
LW11 0.6 2.1 30 9 18 10

NOTE: There is NO proposed Longwall 8
Valley closure survey site CC4 in not the same as stream flow / pool / geochem site CC4

(measured parameters are in brackets)

For further details and a location plan of the closure monitoring lines CC1 to CC4, refer to
(SCT Operations, 2013).

20



NRES R1C GW (19 June 2014) GeoTerra / GES

5. STUDY AREA DESCRIPTION
5.1 Wonga 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 (2014).

The following sections describe the individual catchments in the Wonga East study area.
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 upstream reaches of the Lake Cataract storage.

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 slope at 2.5%.

Approximately 2.5km of the stream reach is located upstream, 2km within and 0.9km
downstream of the predicted 20mm subsidence zone.

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 Lake Cataract 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 Wonga East workings do not underlie the Cataract River.
5.1.3 Bellambi Creek

Bellambi Creek is a 3" order stream upstream for the first 5.5 km, then 4" order to the
Lake Cataract backwater. It is approximately 6.4km long from its headwaters to the
upstream reaches of the Lake Cataract storage.

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%.

5.2 Climate
5.2.1 Rainfall

Daily rainfall has been recorded by the Bureau of Meteorology (BOM) and the SCA 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
2014 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 (WRM Water and Environment, 2014).
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Annual rainfall at Cataract Dam between 1889 and 2013 varied from 480mm in 1944 to
2,293 mm in 1950, with a mean annual rainfall of 1,085 mm/a.

Cataract Dam rainfall is highest between January and June and lowest between July and
December as shown in Figure 2.

Figure 2 Variation in Mean Monthly Rainfall at Cataract Dam

Figure 3 shows a plot of cumulative rainfall residual at Cataract Dam for the period 1889
to 2013 that was prepared using the PPD. The raw data for the station is overlaid for
comparison.

The cumulative rainfall residual shows departures from the long-term average (i.e. it has
not been seasonally adjusted). Upward sloping lines indicate relatively wet periods, and
downward sloping lines indicate relatively dry periods.

The figure shows that the period between 1905 and 1942, and the period since 1992 were
relatively dry. The period from 1890 to 1900 and between 1950 and 1992 was generally
relatively wet, with the exception of the late 1960s and the early 1980s. A plot of the SOI
residual has been overlaid on the rainfall residual for comparison.

Figure 3 Rainfall Residual at Cataract Dam (1889 — 2013)
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5.2.2 Evaporation

The mean annual pan evaporation at Cataract Dam is approximately 1420 mm/a as
shown in Figure 4, and is highest in the summer months.

Figure 4 Monthly Pan Evaporation at Cataract Dam (PPD)

5.3 Geology

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

The Study 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.

Outside of the upland swamps, there are no alluvial deposits of any significance within the
Wollongong Coal lease except for possibly within, or under, Cataract Reservoir.
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Rh — Hawkesbury Sandstone
Unnamed — 7

Fault

Lease Boundary
LIZARD CK

WALLANDOOLA CK

Rnbu — Bulgo Sandstone

/

onona Fault

Qs — Quaternary Alluvium

Rnz — Newport Fm / Garie Fm / Bald Hill Claystone

Rixon’s Pass Fault
CATARACT CK

Corrimal Fault

Figure 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 Wonga East area are, in turn, sequentially underlain by
the:

Wianamatta Group (this formation is absent at Wonga 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 majority of the Study Area except where it has been
eroded in the headwater valleys of Cataract and Bellambi Creeks in the Wonga 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 Wonga East, with the underlying Newport and Garie Formations, Bald
Hill Claystone and Bulgo Sandstone being exposed in reaches of Cataract Creek.

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.

e Newport and Garie Formations (4.6 - 36m thick) — The Newport Formation
has interbedded grey shales and sandstones which has a variable thickness
across the Study 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 Study Area.
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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 study
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.
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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 Wonga 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

Balgownie Seam (0.8 - 1.5m thick) — The Balgownie Seam has not been
worked extensively in the southern coalfield, although Ilimited longwall
extraction has been conducted in the Wonga 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
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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
Wonga 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

5.4 Wonga East Geological Mapping

5.4.1 Outcrop Mapping

Outcrop mapping of the surface geology, faults and dykes in the Wonga East area was
completed by Wollongong Coal geologists in 2013 (Gujarat NRE Coking Coal, 2014) as
shown in Figure 6.
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Longwall 5
Longwall 4
NORTH
Figure 6 Wonga East Outcrop Geology and Structures
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For a detailed discussion of the Wonga East outcrop geology, refer to Gujarat NRE Coking
Coal (2013).

5.4.2 Underground Mapped Faults

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

No known or observed groundwater inflows have been associated with any faults
intersected by the workings at Wonga East in the Bulli, Balgownie or Wongawilli Seams.

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 1 to 3, as well as Longwalls 4 and 5. It then passes into the
western ends of Longwalls 6 and 7, and phases out mid-way inside Longwall 7.

The maximum displacement of the Corrimal Fault within a 20m wide faulted zone is
28.7m, which reduces toward zero in the vicinity of the proposed LW?7. It has not been
mapped or interpreted to extend to the north of LW7, and is not interpreted to be present
between LW7 and Cataract Reservoir.

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 Longwalls 1 to 3, with the D6
fault crossing under Cataract River, to the west of the proposed Longwalls 1 to 3, outside
of the 20mm subsidence zone.

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.

5.4.3 Underground Mapped Intrusives
The proposed Wongawilli Seam workings are bound by:

e SE/NW trending dyke D5 (south of Longwalls 1 to 3)

e SE/NW trending dyke D9 (north of Longwalls 1 to 3)

SE / NW trending dyke D10 (east of Longwalls 1to 3, 5to 7 and 9 to 11), and the
E W trending dyke D6 (south of 