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GEOTECHNICAL, SUBSIDENCE AND CAVING ASSESSMENT FOR 918 PANEL

EXECUTIVE SUMMARY

Centennial Coal Company Pty Ltd are applying for an Extraction Plan approval under
development consent DA 504-00 and federal approval under the Environmental
Protection Biodiversity Conservation (EPBC) Act to extract second workings from 918
Panel within the Katoomba Seam. 918 Panel is proposed to be extracted using the
shortwall mining method. Clarence Colliery has a subsidence impact assessment
criteria of 100mm vertical subsidence in the DA-504-00 development consent area.
This report assesses the proposed 918 shortwall mining layout geometry in relation to
caving, subsidence, groundwater interaction and pillar stability.

Centennial has chosen a conservative approach to not undertake secondary extraction
directly below most of the swamps above the 918 Panel. As such, 918A Panel is
shortened in the North, and 918B is split into B1 and B2 panels. 918B1 Panel has a
panel void width of 83m, while the adjacent 918A and 918B2 have 75m void widths.
The panels are separated by a spine pillar system with a minimum combined pillar and
roadway width of 83m.

Numerical modelling estimates a maximum surface subsidence of 76mm £ 20mm
tolerance due to natural variability and survey tolerance. The numerical model used
for this assessment of two shortwall panels has been validated with Clarence 910-906
Panels. Numerical modelling has been successful in understanding the subsidence
mechanisms and informing mine design at Airly Mine. An addendum with updated
subsidence modelling to address model geometry improvements, key geotechnical
assumptions and an uncertainty analysis produced subsidence less than the original
maximum subsidence. It is recommended that the original subsidence outcomes in this
report be used for ongoing assessment as the more conservative outcome of the
modelling assessments.

The groundwater system at Clarence Colliery consists of an upper (shallow and
perched) water table and a lower (deep) water table. The groundwater data indicates
that the Mt York Claystone forms the lower boundary of the upper water table. The
lower water table shows a hydraulic head above the Katoomba Seam well below the
Mt York Claystone. There is however a hydraulic connection between the upper and
lower water tables that suggests downwards flow/recharge from the upper water table
to the lower water table. This is inferred by the non-hydrostatic pore pressure observed
in piezometers located between the Mt York Claystone, and the hydrostatic component
of the lower water table. The Mt York Claystone is approximately 110m above the 918
Panel mining horizon in the Katoomba Seam.

The modelling assessments indicates mining induced caving fractures extending to a
maximum of 90m above the mining horizon. The vertical conductivity is not expected
to change significantly above this caving height. Horizontal bedding fractures are likely
to occur above the height of caving and often present in groundwater monitoring as a
short-term volumetric pore pressure reduction that recovers.

A height of total depressurisation of 46m = 25m is estimated using the Tammetta
(2012) empirical approach. The Ditton and Merrick (2014) approach of determining
the A-Zone, where water freely drains, estimates a height of 52-66m, slightly greater
than Tammetta’s height of total depressurisation and within range of the model caving
height (60-90m).
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GEOTECHNICAL, SUBSIDENCE AND CAVING ASSESSMENT FOR 918 PANEL

Clarence experience and groundwater observations of from partial pillar extraction
using single and double-sided lifting indicates that these mining methods do not reduce
the pore pressure in the upper water table with similar panel widths. It is anticipated
that pore pressure reduction is likely to occur below the Mt York Claystone however,
pore pressure is not anticipated to reduce in the upper water table. A level of
downwards flow, similar to pre secondary extraction levels, is anticipated to occur from
the upper water table via the existing natural joint network and geological structures.

It is understood that Centennial experience of mining below the Pagoda Swamp above
906 Panel has not produced a discernible reduction in the Swamp water table with
vertical subsidence of 100-130mm at the surface.

The pillar stability assessment indicates an appropriate pillar design to meet the
objectives of subsidence and serviceability, with adequate consideration of long term
stability.
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GEOTECHNICAL, SUBSIDENCE AND CAVING ASSESSMENT FOR 918 PANEL

1. INTRODUCTION

Centennial Coal Company Pty Ltd (Centennial) own Clarence Colliery (Clarence) in the
Western Coalfield, NSW, operated by Clarence Colliery Pty Ltd. Clarence Colliery is
located approximately 10km East of Lithgow and mines coal underground within the
Katoomba Seam. Clarence Colliery is primarily a bord and pillar - partial pillar extraction
operation with some historic, full pillar extraction and longwall areas.

Centennial are applying for state Extraction Plan and federal Environmental Protection
Biodiversity Conservation (EPBC) approval to undertake secondary extraction of the
918 Panel in its DA-504-00 development consent area. 918 Panel is proposed to be
extracted using the shortwall mining method. Clarence has a 100mm subsidence limit
in its DA-504-00 development consent area approved for partial extraction and, as
such, Clarence are taking a cautious approach to prove the mining method and
resulting subsidence effects.

The proposed mine plan for 918 Panel and DA-504-00 area are presented in Figure 1.
The adjacent 906, 908 and 910 Panels within council development consent IRM.GE.76
are also presented in Figure 1.

[
—— Existing Workings
—— Proposed Workings

N 6 301 500

N 6 301 000

N 6 300 500

N 6 300 000

A’504:00: Approvec
t Workings Area

N 6 299 500

Figure 1: Mine plan showing existing 906, 908 and 910 panels and
proposed 900s and 918 panels.
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1.1 Scope

SCT Operations Pty Ltd (SCT) were asked to provide a geotechnical assessment of
their proposed mining geometry for 918 shortwall and first workings panels for
environmental assessment and mining approval processes. Specifically, SCT were
engaged to conduct a numerical modelling exercise to assist Centennial in designing a
panel geometry for 918 Panel that abides by the maximum 100mm subsidence limit of
DA-504-00.

The geotechnical assessment of 918 shortwall panel includes:
e Geological Setting.
e Geotechnical Characterisation.
e Pillar Stability Assessment.

e Literature Review of relevant overburden caving, conductivity and
groundwater interaction.

e Overburden Caving and Hydraulic Conductivity Assessment.

e Surface Subsidence Estimates — to feed into a separate subsidence prediction
and impacts assessment.

The adjacent 906-910 Panels have been used for comparison and model validation to
the 918 Panel assessments given their proximity and similar panel geometries with
pillar extraction using double sided lifting.

2. CONCLUSIONS AND RECOMMENDATIONS

This geotechnical report presents assessments supporting the proposed 918 shortwall
mine design in relation to caving, subsidence, groundwater interaction and pillar
stability.

Centennial has chosen a conservative approach to not undertake secondary extraction
directly below most of the swamps above the 918 Panel. As such, 918A Panel is
shortened in the North, and 918B is split into B1 and B2 panels. 918B2 Panel has a
panel void width of 83m, while the adjacent 918A and 918B2 have 75m void widths.
The panels are separated by a spine pillar system with a minimum combined pillar and
roadway width of 83m.

Numerical modelling estimates a maximum surface subsidence of 76mm £ 20mm
tolerance due to natural variability and survey tolerance. The numerical model used
for this assessment of two shortwall panels has been validated with Clarence 910-906
Panels. Numerical modelling has been successful in understanding the subsidence
mechanisms and informing mine design at Airly Mine.
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The groundwater system at Clarence Colliery consists of an upper (shallow and
perched) water table and a lower (deep) water table. The groundwater data indicates
that the Mt York Claystone forms the lower boundary of the upper water table. The
lower water table shows a hydraulic head above the Katoomba Seam well below the
Mt York Claystone. There is however a hydraulic connection between the upper and
lower water tables that suggests downwards flow/recharge from the upper water table
to the lower water table. This is inferred by the non-hydrostatic pore pressure observed
in piezometers located between the Mt York Claystone, and the hydrostatic component
of the lower water table. The Mt York Claystone is approximately 110m above the 918
Panel mining horizon in the Katoomba Seam.

The modelling assessments indicates mining induced caving fractures extending to a
maximum of 90m above the mining horizon. The vertical conductivity is not expected
to change significantly above this caving height. Horizontal bedding fractures are likely
to occur above the height of caving and often present in groundwater monitoring as a
short-term volumetric pore pressure reduction that recovers.

A height of total depressurisation of 46m + 25m is estimated using the Tammetta
(2012) empirical approach. The Ditton and Merrick (2014) approach of determining
the A-Zone, where water freely drains, estimates a height of 52-66m, slightly greater
than Tammetta’s height of total depressurisation and within range of the model caving
height (60-90m).

Clarence experience and groundwater observations of from partial pillar extraction
using single and double-sided lifting indicates that these mining methods do not reduce
the pore pressure in the upper water table with similar panel widths. It is anticipated
that pore pressure reduction is likely to occur below the Mt York Claystone however,
pore pressure is not anticipated to reduce in the upper water table. A level of
downwards flow, similar to pre secondary extraction levels, is anticipated to occur from
the upper water table via the existing natural joint network and geological structures.

It is understood that Centennial experience of mining below the Pagoda Swamp above
906 Panel has not produced a discernible reduction in the Swamp water table with
vertical subsidence of 100-130mm at the surface.

The pillar stability assessment indicates an appropriate pillar design to meet the
objectives of subsidence and serviceability, with adequate consideration of long term
stability.

2.1 Recommendations

It is recommended to install surface subsidence monitoring above the 918 Panels to
measure the surface subsidence levels during development and extraction of the
shortwall panels. Subsidence monitoring is recommended to include the centre of the
shortwall panels and the centre of the spine pillar system to measure the typical
maximum subsidence locations. It is also recommended to monitor subsidence outside
an estimated half depth angle of draw to measure the effect of subsidence on adjacent
workings, or proposed workings.

It is recommended to have a TARP based system in which to monitor and respond to
any potential increases in subsidence greater than predicted.

SCT Operations Pty Ltd — CLR5894 — 24 April 2026 3
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3. EXPLANATION OF TERMINOLOGY AND CONCEPTS USED IN THIS REPORT

The terminology surrounding sub-surface ground movements and groundwater
impacts is still evolving and different terminologies are used by different disciplines.
The terms used by geotechnical engineers to differentiate zones of deformation within
the overburden strata that have different characteristics are commonly confused with
the terms that groundwater and other numerical modellers use to describe zones
related to groundwater pressure. The terminology used in this report is explained in
this section.

3.1.1 Characteristic Zones Based on Ground Deformation

The overburden strata above and adjacent to secondary extraction panels is
recognised to be deformed as a result of the pillar extraction process. The shortwall
extraction process occurs incrementally with the slice-by-slice retreat of the shortwall
face. The deformations that occur also occur incrementally. The deformations from
caving are observed to occur within a series of arch shaped zones above each panel
as described by Mills (2022) as illustrated in Figure 2. The zones observed are
consistent with observations of surface subsidence for a wide range of panel widths
and overburden depths and the failure modes of rock strata observed in laboratory
tests and are replicated in numerical models.

These zones, working upward from the mining horizon, can be characterised as:

1) A caving zone immediately above the mining horizon (goaf) where the rock
strata is completely disturbed by downward movement of close to the full
height of the extracted seam. In the proposed shortwall mining case, this zone
extends for a few tens of metres above the mining horizon.

2) An arch-shaped zone of large downward movement (ZLDM) that extends to a
height above the mining horizon equal to the extracted panel width. The
incremental retreat of the longwall face causes fracturing within this zone to
be pervasive and steeply dipping in a direction toward the longwall face and
other solid goaf edges. Geological and stress variations within the overburden
strata influence the height of the ZLDM but only slightly. Measurements of
hydraulic conductivity within the ZLDM indicate an increase in vertical hydraulic
conductivity above pre-mining conductivities in the range 100 to 1,000,000
times, largely depending on height above mining horizon, mining height and
lithology. In this report, the ZLDM is referred to as the caving height.

3) An arch-shaped zone of bedding plane separation (ZBPS) that extends from
above the ZLDM to a height above the mining horizon equal to 1.4-1.6 times
panel width. The bedding planes separate as a result of rock splitting causing
an increase in hydraulic conductivity in a horizontal direction but only a second
order increase in a vertical direction.

4) An arch-shaped zone of elastic relaxation (ZER) that extends above the ZBPS
to a height of three times the panel width. Hydraulic conductivity is increased
as a result of elastic relaxation but only slightly.

5) A zone of compression that extends upward above each chain pillar and other
solid coal abutments surrounding extracted longwall panels. Hydraulic
conductivity is decreased as a result of this compression.

SCT Operations Pty Ltd — CLR5894 — 24 April 2026 4
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1.6 W

1w

LEGEND
@ Zone of chaotic disturbance (goaf) immediately above mining horizon (0-20m).

@ Zone of large downward movement (=1.0 x panel width).
@ Zone of vertical opening of bedding planes (1.0W - 1.6W).
@ Zone of vertical stress relaxation (1.6W - 3.0W).

(8) Zone of no disturbance from sag subsidence (>3.0W) but shear along bedding planes for
subsidence of multiple panels.

(8) Zone of compression above chain pillars.

Figure 2: Overburden caving behaviour inferred from surface monitoring
and other observations (Mills 2022).

Terms such as height of fracturing, height of conductive fracturing, height of connected
fracturing and height of disconnected fracturing are not well-defined, mean different
things to different people, and are to be avoided.

3.1.2 Characteristic Zones Based on Groundwater Observations

The pre-mining groundwater system for most coal mining operations is characterised
by a profile of water pressure increasing linearly with depth from zero at a depth below
surface referred to as the water table and increasing at a rate proportional to the
density of water due to gravity. This pressure profile is referred to as a hydrostatic
pressure profile meaning zero or minimal flow relative to recharge rate

SCT Operations Pty Ltd — CLR5894 — 24 April 2026 5
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Underground mining activity creates a zero-pressure horizon at the depth of the mining
horizon. In the case of development / first workings, surface recharge from rainfall is
usually more than sufficient to replace the small downward flows that occur through
the undisturbed overburden strata into the mine and a hydrostatic profile is maintained
throughout the overburden section. In some circumstances, such as below
hydraulically conductive vertical structures, zero-pressure at the mining horizon is able
to disturb the groundwater equilibrium and pore pressure changes are observed within
the overburden section from first workings alone. This has not been observed in the
Clarence/Springvale complex where there is a separate upper water table to the lower
water table where the mining horizon is located.

The presence of a hydrostatic profile does not imply zero downward flow. When a
downward gradient is created by the zero-pressure horizon, there is downward flow,
with the magnitude of flow governed by the hydraulic conductivity of the strata and
rate of recharge to maintain head pressure.

Figure 3 shows the pore pressure profile typically observed post-mining in a single
water table scenario. Four groundwater zones are apparent above and to the sides of
extracted panels. In the case of Clarence 918 Shortwall Panel, the panels are
significantly subcritical where 1 x the panel width (W), Zone of Large Downward
Movement (ZLDM) and Height of Depressurisation are below the Mt York Claystone
and within the lower water table.

Working upward from the mining horizon, these zones are characterised as:

1) A zone of zero pore pressure that is connected to the zero-pressure horizon
created at the mining horizon by mining. This zone extends upward through
the fractured overburden strata to a height that Tammetta (2012) has shown
can be estimated with a high degree of confidence. This zone, referred to as
the height of depressurisation is observed to be proportional to panel width,
extraction height raised to the power of 1.4 (effectively the level of ground
disturbance caused by mining) and mining depth raised to the power of 0.2
(effectively the magnitude of horizontal stress).

For most circumstances, in subcritical longwall and shortwall mining
geometries, the height of depressurisation is well within the ZLDM, and
sensitive to mining height. On this basis, other terms used in the literature such
as the height of fracturing, the height of desaturation, height of connectivity,
and the height of connected fracturing are confusing, and should be avoided.

Within this zone of depressurisation, downward flow can occur under the
influence of gravity alone if the strata is saturated. Chemical analysis and other
considerations indicate that there are added complexities associated with
partial saturation. Capillary forces provide an explanation of how water is stored
within the partially saturated fracture network at zero pressure despite the
action of gravity.

2) A transition zone occurs above the zone of depressurisation is characterised by
an upward increase in pore pressure. This increased pressure is necessary to
drive downward flow through the saturated, but increasingly less hydraulically
conductive fracture network. Top of this zone generally coincides with top of
ZLDM. Within this zone the pressure is reducing or “depressurising” with
increasing depth. In the case of Clarence 918 Shortwall Panel the ZLDM is
below the Mount York Claystone horizon.

SCT Operations Pty Ltd — CLR5894 — 24 April 2026 6
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3) A hydrostatic gradient above the transition zone indicates the zone where
recharge is greater than the downward flow to the mining horizon through the
fracture network created by mining. The natural fracture (joint) network and
the intact strata is usually much less conductive than the mining-induced
fracture networks of the ZLDM.

4) A zone of zero pressure above the groundwater table indicated by zero pore
pressure. This zone may contain one or more perched water tables depending
on the characteristics of the strata and the disturbance caused by mining.
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Figure 3: General overburden caving and groundwater behaviour around panels (Mills
2022).

Groundwater models are typically very coarse compared to the scale of individual
longwall panels. This coarseness means they are unable to replicate the observed
characteristics of these various zones. Artificial drains with zero pressure are turned
on within the model to drain all water from the overburden strata to a predetermined
height above the mining horizon and then selectively turned off again to match the
inflows observed. These model limitations have tended to cloud interpretation of the
mechanisms and processes that are observed in the field.
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4, PROPOSED MINE GEOMETRY

The proposed mine plan is presented in Figure 1 and shows 918A and 918B shortwall
panels separated by a four-heading and three pillar spine pillar system. Centennial has
chosen a conservative approach to not mine directly below most swamps above the
918 Panel. As such, 918A Panel is shortened in the North, and 918B is split into B1 and
B2 Panels. 918B2 Panel has a panel void width of 83m, while 918A and 918B2 have

75m void widths.

The mining geometry for 918 Panel is presented in Figure 4 for the double shortwall
geometry, representing the greatest abutment loading scenario. The shortwall panels
are separated by spine pillars with two pillar width scenarios separated by 5.5m wide

roadways:

e Cut-throughs 1-20: 26.5m, 20m and 26.5m

e Cut-throughs 21-52: 21-26.5m, 26m and 26.5m.
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Figure 4: 918 Panel geometry.
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GEOTECHNICAL, SUBSIDENCE AND CAVING ASSESSMENT FOR 918 PANEL

5. GEOLOGICAL SETTING
5.1 Stratigraphy

The stratigraphic sequence is presented in Figure 5. The stratigraphy at Clarence
includes Triassic sedimentary strata of the Narrabeen Group ranging from 160m to
over 320m, where thickness is dependent on the eroded river systems through the
surface. The Triassic strata includes the Burralow Formation at the top of the Newnes
Plateau, the predominately massive Banks Wall Sandstone and the Burra Moko
Sandstone which form the cliffs and pagodas of the Newnes Plateau, and the Caley
Formation at the base.
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Figure 5: Stratigraphy at Clarence Colliery.

The Burralow Formation is an interbedded sandstone and claystone unit that forms
the top of the Newnes Plateau. The Claystone horizons are understood to form
aquitards in the sequence. The Burralow Formation Outcrop is presented in Figure 6
and shows the Burralow Formation is present above the proposed 918 Panel. Some
portions over the first workings of 918 Panel in the south and east have eroded through
the Burralow Formation to the underlying strata. Figure 7 presents fence sections
through boreholes covering the 918 Panel area illustrating the eroded valleys into the
Banks Wall Sandstone.

The Mount York Claystone separates the Burra Moko and Banks Wall Sandstones and
is a key stratigraphic unit hydrologically (regional aquitard) and geotechnically. The
Caley Formation is an interbedded siltstone, sandstone and claystone unit that
underlies the Burra Moko Sandstone.
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[ Coliery Holding
|| Bankswall Sandstone
[ Burralow Formation
. Swamps
=== Mine Workings (Katoomba Seam)
== Proposed 918 Panel Mine Plan Rev.5

Figure 6: Outcrop of Burralow Formation.
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GEOTECHNICAL, SUBSIDENCE AND CAVING ASSESSMENT FOR 918 PANEL

The Permian (Illawarra Coal Measures) sedimentary strata underlies the Triassic strata,
of which the Katoomba (KAT) Seam is the first economic seam in the Illawarra Coal
Measures of the Western Coalfield. Beneath the Katoomba Seam is an interbedded
siltstone, carbonaceous siltstone and claystone unit followed by the thick Middle River
Coal Seam (MDR). Multiple coal seams exist beneath the MDR with varying
interburdens of siltstone/sandstone/claystone. Boreholes supplied for this study extend
down to the Lithgow Seam approximately 110m below the Katoomba Seam. Borehole
CLRP41 stratigraphy is presented in Figure 8.

5.2 Topography

The topography above the Clarence underground workings has gully eroded river
systems and steep gradients. The Newnes Plateau forms the top of the hilltops. Surface
reduced levels over the 906-918 Panels are presented in Figure 9 which show an
incised drainage system extending north from the start of 910 Panel and west over
910, 908 and 906 Panels. Another shallower incised valley exists over 900 Panel and
partially over the southern and northern extents of 918 Panel. The topography grades
up to the north and south of these incisions through the 900 Panels.

An east-west cross-section profile presented in Figure 10 shows the change in
topography across the 918-910 Panels. The profile extends obliquely through the
incised gully. Figure 10 shows the general increase in surface RL to the west as the
surface transitions out of the gully towards higher ground. Figure 10 also shows the
slight dip of the Katoomba Seam to the east.

5.3 Depth of Cover

The Katoomba Seam depth of cover over the 900 Panels is presented in Figure 11. All
boreholes supplied for this assessment are also presented in Figure 11. Due to the
change in topography over the area the depth of cover varies from 150m to 320m.
The depth of cover variation is principally driven by the plateau topography with incised
river gullies which overlies all the 900 Panels to varying degrees. A range of maximum
and minimum depth of cover for each relevant panel is presented in Table 1.

Table 1: Depth of cover range over relevant 900 series panels

Panel (m) Min depth of cover (m) Max depth of cover (m)
91