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Executive Summary

The Appin Extraction Plan, which includes an amalgamation of Area 9 into Area 7, was approved by NSW
Department of Planning and the Environment (DPE) on 29 July 2022. The approval includes conditions
recommended by the Independent Advisory Panel for Underground Mining (IAPUM). lllawarra Metallurgical Coal
(IMC) have requested GHD address these Conditions. This report is in response to Condition 3 which is described
as follows:

Prior to extraction of LW711, IMC must prepare and submit to the Department a report examining the
potential expected range of effects associated with mine-induced modification of groundwater on slope
instability. The report must be supported by the outcomes of monitoring of subsidence effects, impacts
and environmental consequences required by the development consent and this approval. This report
must also include discussions on reasonable and feasible measures for mitigating potential mine-induced
impacts on slope instability.

GHD has considered available information within the predicted 20mm vertical subsidence contour for previous and
future Area 7 and Area 9 longwall footprints that are near the steep slopes and cliffs of the Razorback Range
escarpment. This information has been examined for the range of effects associated with mine subsidence-
induced modification of groundwater in terms of its impact upon slope instability, whether beneficial or adverse. A
review of available rainfall, groundwater and geological information was used to assess key factors associated
with mine-subsidence-induced modification of groundwater on slope instability. The factors included: rainfall,
geology, vegetation, man-made influences, and slope conditions for cliffs, colluvium, residual clays and relative
elevations.

The Razorback Escarpment is geomorphically situated within a Bringelly Shale setting. Residual clays and thinly
bedded shales (except where the cover thins close to the interbedded sandstone cliffs) DFURVYV W K Helsma P W H
the escarpment, form a low permeability zone which leads to most surface water running off that surface. Further,

the surface drainage of the Razorback Range landform predominately drains to the west, with the south-facing and
eastern escarpment having a watershed area which extends only a few hundred metres from the cliff tops. The

near surface groundwater flow paths will predominately be sympathetic to the surface drainage patterns, which

reflect the regional dip within the geology. These factors, combined with the protruding nature of the escarpment

slopes, limit the availability of groundwater recharge.

Within the available data, only a single monitoring instrument demonstrated a change to groundwater that has
been attributed to impact due to mine subsidence *and one that is of local effect. This was a downhole
piezometer at 30m depth in S2533, which is a monitoring borehole located approximately 50m from the edge of
the Razorback Escarpment, and over solid coal. Therein, the uppermost vibrating wire piezometer (VWP), which
previously did not respond to rainfall prior to the mining of LW905, has now shown signs of response during
triggering rainfall events - detected since the start of February 2023 when mining neared the end of panel (EOP) of
LW905. [In terms of setting relative to active mining, at the EOP, the position of the active face was at the other
end of the longwall to the monitoring location, and the downhole monitoring equipment is offset to the west (away
from LW905) a distance greater than the length of LW905, a total distance of over 1.95km (being over 6.0 panel
widths), more than half of which is over solid coal. This monitoring station is also 0.25km offset to the west of the
start of LW710A, a distance again over solid coal.]

Whilst the upper sensor (at 30m depth) did respond to trigger-level rainfall, the deeper sensors at the same
location did not respond. The change in response is attributed to mine subsidence, and the rapid response of the
sensor during or post rainfall events implies fracture flow rather than porous recharge. Accordingly, a reduction of
effective overburden stress indicated by this monitoring data would only occur within transmissive fractures, not
within the rockmass or overlying residual clays.

During active mining, a general regional depression of groundwater is expected, which is either a beneficial effect
in regard to instability due to reduction in porewater pressures within the slopes and rockmass, or alternatively is

not an adverse effect. Over the longer term, the groundwater table is expected to recover to conditions similar to
the pre-mining situation.
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Observed landslide activity during the mining within Appin Area 7 and Area 9 correlates strongly with rainfall
events, but crucially highlights the importance of cumulative rainfall depth as a key factor in the on-set of slope
instability. This includes recognition of the contribution of antecedent saturation of soils in relation to instigation of
slope instability, as intuitively expected.

Observations of instability over the cliffs and steep slopes of the Razorback Escarpment have been undertaken by
GHD experienced geotechnical engineers or geologists since late 2019. This instability primarily comprised
superficial to shallow slides and slumps within colluvial slopes, and also small sections of rock (mostly individual
rocks) from the cliff line. Deep-seated landslides along the escarpment have not been observed during active
mining or following mining, noting that historical large scale deep-seated landslides have occurred on many parts
of the steep colluvial slopes in the historical past.

The modification of groundwater from mining may reasonably be expected to adversely affect slope stability of
cliffs or colluvium/residual slopes by enhancing the probability of groundwater recharge into bedrock and shallow
soil/rock interfaces following rainfall events at certain locations. The influence of this potential modification
compared to the existing natural rainfall dominated influence is low and localised.

The likelihood of surficial cracks occurring which have the potential to result in significant increases to recharge is
low. Above the steep slopes, two such cracks were observed during the mining of LW710A, these being located
on 12 and 15 Gibraltar Drive. Noting that other cracks may exist but have not been observed due to poor access
on steep vegetated slopes, and as indicated by the change in response of S2533 to rainfall.

Future monitoring or mitigation measures to monitor groundwater for its potential influence on slope instability due
to mining induced alterations is considered impractical. The possibility of installed equipment being able to
discriminate impacts from a distributed pattern of random fractures in the rockmass is considered very low (noting
the ambiguity observed in S2533 illustrating the challenge).

At present, there is little to no direct evidence which has been observed of adverse impacts from longwall mining
to slope stability near or below the Razorback Escarpment. This prevents the quantification of the propensity for
mine-subsidence related modification of groundwater to cause instability above natural level frequencies. Given
the inability to predict if and where cracks will occur with adequate spatial resolution, instrumented monitoring to
detect their occurrence over such a large area is impractical. However, visual surface inspections by geotechnical
engineers and/or engineering geologists of slopes above elements at risk (occupied dwellings) by pre-mining
hazard and risk profiling, rainfall and Global Navigation Satellite System (GNSS) trigger levels, as well as post-
landslide occurrence investigation and review remains the pragmatic approach.

Changes to this report between version B and C have been highlighted by changing the text to blue in response to
the comments received by WKH ,QGHSHQGHOQW BBEHHWLREVLVR($30 pWkidd&D HO |
GM3 on 29 May 2025, and GHD subsequently on 30 May 2025.
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1. Introduction

The Appin Extraction Plan, which includes an amalgamation of Area 9 into Area 7, was approved by NSW
Department of Planning and the Environment (DPE) (now DPHI) in July 2022. The approval includes conditions
recommended by the Independent Advisory Panel for Underground Mining (IAPUM). Two of the conditions of
approval require South32 lllawarra Metallurgical Coal (IMC) (now GM?) to undertake some further work in regard
to landslide risk assessment in the amalgamated Extraction Plan area, in response to issues raised by the IAPUM
in their review. GHD have been advised that the conditions of interest are:

Condition 2:

7KH ODVW WKUHH REMHFWLYHVY LQFO®EEGGHISWYKKN $MVURIRIWHRQ 30D Q
LW905 must be completed within three months of this approval and thereafter on a longwall-by-longwall
basis, to the satisfaction of the Planning Secretary.

Condition 3:

Prior to extraction of LW711, IMC must prepare and submit to the Department a report examining the
potential expected range of effects associated with mine-induced modification of groundwater on slope
instability. The report must be supported by the outcomes of monitoring of subsidence effects, impacts and
environmental consequences required by the development consent and this approval. This report must also
include discussions on reasonable and feasible measures for mitigating potential mine-induced impacts on
slope instability.

IMC have requested GHD address these Conditions. In particular, in regard to this reporting, Condition 2 is under
the longwall-by-longwall regime, and, as noted above, Condition 3 is required prior to the extraction of LW711.
The response to Condition 2 is reported separately, whilst this report is in response to Condition 3.

1.1  Scope of work

GHD appraises the primary scope of work for this response to Condition 3 to be consideration of the available
hydrogeological information contained within the study area, as defined by the predicted 20mm subsidence
contour. This task relates to impacts due to longwall mining within the footprint of previous and future Area 7 and
Area 9 longwalls, in particular, relating to the mining that is situated near the steep slopes and cliffs of the
Razorback Range escarpment; and where sufficient information is available to examine effects associated with
mining-induced modification of groundwater upon slope instability.

The study conducted by GHD has included:

1. Groundwater data - collation of available relevant information.
a. Literature review of relevant international and domestic publications.
b. Literature review of relevant local groundwater studies in the Razorback Range escarpment.

c. Review of available borehole information including registered bores and groundwater wells (on the public
record that intercept the Wianamatta Group), and boreholes and piezometers installed by IMC - South 32
in the vicinity of the Razorback Range escarpment.

2. Collation and review of previous and existing monitoring of slope instability of the Razorback Range cliffs and
steep slopes, and their response to rainfall.

a. Develop inferred relationships, utilising available monitoring data, between ground movement on the
steep slopes and cliffs, and rainfall events (based on collected rainfall monitoring data).

b. Consider the potential rainfall infiltration and measured changes in groundwater levels in the soil and
rock in response to rainfall events.

c. Quantitatively appraise, where possible, the relationship between rainfall events and subsequent slope
instability movements due to rainfall which have resulted in significant runoff, inter alia using the
outcomes of monitoring of subsidence effects, impacts and environmental consequences required by the
development consent.

d. Qualitatively appraise rainfall infiltration and the modification of groundwater due to infiltration.
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3. Assess the relationship of the above information (from points (1) and (2)) to the Razorback Escarpment
slopes and potential for mining impact upon groundwater.

4. Consider future groundwater monitoring / mitigation measures (if deemed necessary and / or feasible).
5. Consider other slope instability monitoring / mitigation measures (if deemed necessary and / or feasible).

1.2 Limitations

This report: has been prepared by GHD for GM3 and may only be used and relied on by GM3 for the purpose agreed between
GHD and GM3 as set out in section 1.1 of this report.

GHD otherwise disclaims responsibility to any person other than GM3 arising in connection with this report. GHD also excludes
implied warranties and conditions, to the extent legally permissible.

The services undertaken by GHD in connection with preparing this report were limited to those specifically detailed in the report
and are subject to the scope limitations set out in the report.

The opinions, conclusions and any recommendations in this report are based on conditions encountered and information
reviewed at the date of preparation of the report. GHD has no responsibility or obligation to update this report to account for
events or changes occurring subsequent to the date that the report was prepared.

The opinions, conclusions and any recommendations in this report are based on assumptions made by GHD described in this
report (refer section(s) 1.3 of this report). GHD disclaims liability arising from any of the assumptions being incorrect.

GHD has prepared this report on the basis of information provided by GM3 and others who provided information to GHD
(including Government authorities)], which GHD has not independently verified or checked beyond the agreed scope of work.
GHD does not accept liability in connection with such unverified information, including errors and omissions in the report which
were caused by errors or omissions in that information.
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2.  Glossary of selected specific terms

Some specific terms used in this report are described be low, in the context of additional background to
that provided in the text where mentioned:

Height of fracturing (HoF)  £The height at which the zone of connected fracturing extending upwards from the
goaf caused by underground mining; this is not inclusive of fractures formed by tensile or compressive movements
where fractures are not directly connected to the goaf.

Conventional Subsidence  t+Subsidence behaviour that follows systematic behaviour in accordance with
established behaviour models, noting that predictions are normally associated with relatively flat surface
topography.

Non-conventional Subsidence  +Subsidence behaviour that differs from conventional behaviour +normally
associated with natural geological structures within the rockmass. Also applicable to steep landforms and irregular
surface topography. Results in subsidence effects and impacts that are not defined by conventional subsidence
models. The non-systematic effects can include far-field movements, valley closure and valley floor upsidence,
and downslope movements in steep terrain.

Goaf - Refers to the part of the mine from which the mineral has been partially or completely removed. In a
longwall context this includes the collapse of the roof once the longwall has moved beyond this location.

Constrained Zone +=RQH DERYH WKH pu+HLJKW R |UDFWD)ékburgedifo bR tetlly ZKHUH V
constrained by mainly compressive forces and have absorbed most strains induced by subsidence without
suffering significant fracturing.

Gouge =Material produced within natural defects within a rockmass by shearing.
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3. Geotechnical background information
relevant to Condition 3

3.1 Background Information

Previously (for Longwall 709, 710A, 710B), IMC and later GM® have undertaken extensive survey, geotechnical
and structural assessments of properties including individual residences and associated buildings as well as
infrastructure (roads, bridges, rail, communications and other services), and has done so over a number of years
in relation to longwall mining of Appin Area 7 and Area 9. GHD has previously assisted IMC and GM?® with
geotechnical assessment and monitoring of hillside areas and cliffs, including some residential properties,
specifically in regard to slope instability along the Razorback Range escarpment. GHD has also assisted IMC with
assessment and monitoring interpretation of the cliff-line adjacent to Harris Creek and Douglas Park Road during
longwall mining in Area 9; and appraisal and monitoring in regard to potential instability of embankments of the
Main Southern Railway due to mining conducted within Area 7 that retreated beneath the railway embankments.
GHD also provided hydrogeological predictions for Dendrobium Areas 1, 2 & 3.

3.2  Site setting

The study area for this response to Condition 3 is situated within the predicted 20mm subsidence contour for
previous and future Appin Area 7 longwalls and previous Area 9 longwalls located in proximity to the Razorback
Range escarpment, as shown in Appendix A-1. Therein, previous and approved future longwall panels are shown,
along with the predicted total subsidence (in millimetres) after LW711, as per MSEC1318 (2024). Appendix A-2
provides an example of previous landslide mapping at 135 Quirkes Lane and a shaded relief map of the remaining
Area 7. By comparing the mapping at 135 Quirkes Lane with the greater extent of the Razorback Escarpment the
magnitude of historical landsliding over the previous hundred to thousands of years of natural slope forming
processes can be appreciated.

Assessments and monitoring of the slopes and cliffs by GHD has included pre-mining assessment, guidance on
preferred locations for monitoring, and appraisal of the monitoring of ground movement and slope conditions
during mining, together with post-mining observations by way of proof-of-assessment. These observations, which
include identification of slope failures and the presence or absence of seepage, provided confirmation of the
identified mechanics of local slope-forming processes when combined with current and historic monitoring.
Appendix B provides an example of the monitoring undertaken by GHD for LW710A and LW709 in conjunction
with MSEC and IMC, where GHD field-based observation data is compared to a variety of GNSS monitoring and
survey line results, typically on a monthly basis.

3.3  Geological context

The slopes examined within this study exist within the uppermost portion of the stratigraphy above the mining
interval. Whilst basic context is provided for the geological units between the mining and the surface, the level of
detail is scaled to the hydrogeological relevance of each unit to the mine-induced modification of groundwater on
slope instability.

3.3.1 Stratigraphy

Consolidated geological units

Razorback Range is comprised of the Late Triassic Wianamatta Group, which consists of dominantly siltstones,
shales, and sandstone members. The geological units that have governed the formation of the Razorback
Escarpment are Bringelly Shale, Ashfield Shale, and Mittagong Formations - shown in Table 1. In addition to the
sandstone members (which are general more laterally continuous), laminates also occur throughout the Bringelly
Shale as features typically less than 5 m thick, together with less continuous sandstone lenses with thicknesses
less than 2 m.
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Table 1

Formation

Bringelly
Shale

Ashfield
Shale

Mittagong
Formation

Members

Mount
Hercules
Sandstone,
Razorback
Sandstone,
Other
unnamed
sandstones

Minchinbury
Sandstone

Maximum

Thickness

250

50

10

Lithological descriptions of the Wianamatta Gro up

Description Reference

Laminated siltstones, carbonaceous claystones, Conolly (1969),
and non-descript laminate constituents. Contains Nicholas et al.
smectite. Transitions towards laminated shales (1974),

near the base of the formation. Contains three

sandstones members, which are fine to medium Herbert (1979,
grained quartz-lithic sandstones. Less spatially 1980),
consistent sandstone lenses can be found O'Neill and
throughout. Terrestrial in origin. Danis (2013)

Fine to medium grained lithic sandstone,
separates Ashfield and Bringelly Shales

Laminated and dark-grey shale, marine in origin.

Interbedded shale laminates and medium grained
quartz sandstone, easily interpreted as an upper
portion of Hawkesbury Sandstone, defined by
black shale interbeds rather than brown
mudstones.

Underlying the Wianamatta Group is the transitional Mittagong Formation and then the main regional aquifer, the
Hawkesbury Sandstone. The Hawkesbury Sandstone originated as a highly seasonal, large, braided river
deposited quartz arenite sandstone and exhibits high porosity but low pore connectivity. The Hawkesbury
Sandstone underlies the entirety of the study area at depth, outcropping within the Nepean River Gorge and within
the Harris Creek cliff line beside Douglas Park Drive, where it crosses the Nepean River. Below the Hawkesbury
Sandstone is the Narrabeen Group and the lllawarra Coal Measures, as illustrated in Figure 1 and Figure 2. The
Ashfield Shale is known to act as an effective regional aquitard where present, hydrogeologically separating the
steep Bringelly Shale slopes within the study area from the underlying stratigraphy.
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Figure 1 Indicative geological section for the study ar ea (looking west), with interpreted geology down to the Bulli Seam from GHD (GHD, 2021, Figure C).
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Age Group Member / unit
Quaternary Quaternary alluvium (0—3 m thick)
New England Wianamatta Wianamatta Group [WMGR]
Fold Belt Group Shale and claystone
Hawkesbury Hawkesbury Sandstone [HBSS]
Sandstone (<~150m)
Sydney Basin
(Permo-Triassic)
2 L =4 Newportand Garie Formations (0—2 m)
8 Bald Hill Claystone [BACS] (~20m)
Lachlan a
Fold Belt
Bulgo Sandstone [BGSS] (120 m)
Narrabeen
Group
App'“ Stanwell Park Claystone [SPCS] (~10 m)
Colllery | Scarborough Sandstone [SBSS] (~¥37 m)
Soulﬁem B Wombarra Claystone [WBCS] (~28 m)
Coalfield L %] Coal Cliff Sandstone [CCSS] (~15 m)
- "~ Bulli Coal Seam (~3m)
©
g g.;::larra Wongawilli Coal Seam (~*9 m)
[
o Measures Lower llawarra
TASMAN Coal Measures (~¥230 m)
SEA —
Shoalhaven Shoalhaven Group (>250 m)
L Group
Figure 2 Stratigraphic Column of the Southern Coalfield (HG EO 2021).

Unconsolidated geological units

The upper plateau of the Razorback Escarpment is underlain by residual clays derived in-situ from the uppermost
portions of the Bringelly Shale. These clays are known for their reactivity with well documented shrink/swell
behaviour, near surface cracking due to drying. They are generally less than 5 m thick, overlying highly to
moderately weathered Bringelly bedrock. The flanks of the escarpment below the upper cliffs are blanketed by
colluvium of variable and random thickness relating to the various phases of historical landsliding over many
thousands of years, being identified as the main geomorphological feature for the natural slope-forming process
applicable to the creation of the Razorback Escarpment. The colluvium comprises a silty to sandy clay matrix
containing sandstone and shale particles ranging in size from fine gravels to large boulders.

3.3.2 Geomorphology *over-arching landslide setting
The geographic setting of the study area is the slopes that form the Razorback Escarpment.

The geological setting for the study area consists of aforementioned Bringelly Shale (Rwb), the upper unit of the
Triassic-aged Wianamatta Group (Rw). The regional dip of the rock strata is about 3° towards 350° (i.e.: 10° west
of north). Within the specified study area (20 mm contour Appendix A-1), the Bringelly Shale sandstone members;
the Mount Hercules Sandstone Member and the Razorback Sandstone Member are the dominate cliff forming
units. The process of slope development (e.g., erosion, weathering, sediment deposition) has produced the
Razorback Escarpment, in which the majority of currently observable landslide activity within the study area are
located. The landslides therein consist typically of complex slide and debris flows.

In a geomorphological context, landslides are typically mapped within the bowls separated by plunging spurs, with
a colluvial mantle. The morphology of the bowls is typically hummocky throughout, with evidence of previous
slides and debris flows, inclusive of landslide scarps and other evidence of instability.

The preponderance of the mapped landslides is across the study area and associated with the Razorback
Escarpment zxsee this illustrated by reference to the areas of landslide susceptibility illustrated on Figure 3.

GHD | GM3 | 12610178 | Response to DPE Condition 3 12
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and Susceptibility Interpretation (Flentje et. al. 2011), focused on

relevant steep slopes within study site (see Appendix A- 1).

The toe areas of the landslides are frequently characterised by lobe features, though also the landslide debris run-
out into the colluvial valley slopes without clear toes. Smaller landslides tend to be discrete slides located either
between the two sandstone cliff-forming members or lower on the slopes. However, historically, multiple slides
have occurred, becoming a complex landslide.

It has been postulated that the slope-forming processes involve:

x Episodic cliff-line retreat from the sandstone cliff-forming units as a consequence of joint-controlled block

failure from the cliff-faces.

x Debris from the sandstone units travel downslope, including over the lower units by the upper units,
leading to accumulation of slide debris as colluvial material over the length of the slopes below the

escarpment.

X The landslide debris is concentrated in the bowls. The large spurs remain as shale bedrock, whilst the
smaller spurs between are generally formed by erosion of the colluvial slopes.

X Multiple phases of landsliding are indicated. Several generations of debris flow are likely.
The likely trigger for landsliding is extended periods of rainfall, with prolonged rainfall occurring over many

weeks or months.

x Landslides are recognised as the major feature of the slope-forming process, with almost all bowls on the
escarpment hosting multiple landslides.

The landslide hazards and general setting are considered in this light, being colluvial covered slopes derived within

a Bringelly Shale geomorphological setting.

Specifically, the escarpment forming process that has produced the Razorback Escarpment slopes is
characterized by the presence of cliff-forming sandstone members which are more resistant rock interlaid with the
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less resistant siltstone/shales, as shown in Figure 4. An example of published illustrative slope-forming conditions,
generically somewhat similar to the Razorback Escarpment, is provided in Figure 5. Natural defects or fractures in
the valley sideslopes result in higher rock mass hydraulic conductivity (permeability), particularly in the otherwise
more competent sandstone beds. These fractures become a preferential path for groundwater. As shown in
Figure 5, this may lead to a potential for higher porewater pressures within the slope and subsequently instability
in the colluvium (slides A and B illustrated on the figure). Stress relief also may have opened the natural defects
and bedding surfaces in the laminations of less-stiff bedded fine-grained rocks (shales and siltstones), leading to
increased porewater pressures and the potential for deeper sliding along such as a bedding-surface shear at the
base of the shale (slide C on Figure 5).

Compared to the concepts illustrated in Figure 5, very few springs are present currently, nor have been observed
previously below the Razorback Escarpment within the study area. Only occasional seepages have been identified
after rainfall events within drainage lines, particularly for Strahler stream orders of less than or equal to four as
defined in Appendix A-3. This is likely due to the residual clay soils and thinly bedded shales (except where the
cover thins immediately above the cliffs) behind the escarpment forming a low permeability zone which tends to
result in most of the surface water running off the slope. These clay soils, combined with the protruding / free-
standing parts of the escarpment, limit the availability of groundwater recharge. It is also noted that the surface
drainage from approximately 300m west from the crest of the eastern Razorback Escarpment drains westward,
away from the escarpment and shallow groundwater flows that would be expected to be sympathetic to such
surface flow (see Appendix A-3).
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g
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Figure 4 Typical cliff and steep slope profile of the R azorback Escarpment, from GHD (2022). The cliff-line sh  own is an
outcrop of the Razorback Sandstone Member within the Br ingelly Shale.
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Figure 5 lllustration of landslide development within the slope-forming processes on a slope where sandston e beds are
covered with colluvium (modified from Fell et al. 2012 ), noting complex piezometric levels between sandstone beds,
colluvium, and shales with the potential for groundwater discharge from the bedrock into the base of colluvium o r
residual soils.

The process of slope development (progressive failure and retreat) has produced the Razorback Escarpment, the
slopes of which are the location of the majority of currently observable landslide activity within the study area. The
landslides therein consist typically of complex slide and debris flows. Within the upper portions of the Bringelly
Shale Razorback Escarpment, the presence of two pervasive sandstone beds is noted (see Table 1 and Figure 6):
the Mt Hercules Sandstone Member (that is the upper of the two); and The Razorback Sandstone Member (the
lower). These are cliff-forming units within the shale, and typically are mapped towards the top of the escarpment.
These two units produce prominent steps in the landform. Below the sandstone members, the slopes are covered
by colluvium derived from erosion of the escarpment and include large blocks of sandstone (being rockfall debris
from the cliff-forming units) intermixed with the clayey materials produced from weathering of the rock units and
rock fragments within the landslide debris. Landslides are typically mapped within the bowls separated by plunging
spurs. The morphology of the bowls is typically hummocky throughout, with evidence of previous slides and debris
flows, inclusive of landslide scarps and other evidence of instability (GHD 2021).
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Figure 6 Commonly observed features at Razorback Ra  nge, on the south aspect slopes of 950 Menangle Road, Douglas Park,
as presented by GHD (2021). Note the slight dip of the san  dstone members back into the slope.

In general terms the process of instability within the colluvial slopes is driven by the presence of porewater
pressures within the slope (GHD 2021). The deeper-seated instability is produced typically by periods of rainfall
that accumulate over a period of continuous antecedent rainfall for 3 to 6 months. Where the depth of rainfall
approaches a significant proportion of the average annual rainfall, porewater pressures within the slope may
initiate instability, particularly within the colluvial mantle. Instability of the sandstone, siltstone and shale cliffs may
be driven by a number of factors including: surface water runoff causing erosion and its ingress into joints and
fractures; tree root jacking; tree falls (from various causes, including during high winds and storms) from the cliffs
disturbing the rock; seismic effects; and long term deterioration leading to weaking of the rock fabric.
Hydrogeologically, each sandstone member (including unnamed discontinuous sandstone units) may act as a
separate aquifer, and each siltstone/shale a low permeability aquitard, as illustrated by the multiple piezometric
surfaces in Figure 5.

The presence of springs, or lack thereof, each are indicative of the groundwater pressure within the slope where
each aquifer within a slope may behave differently following a rainfall event. The time lag and the duration of flow
from a spring after a rainfall event are indicative of connected pathways and natural pressure relief within a slope.

Perpetually flowing creeks are not known within the study area, spring fed or otherwise, noting that the surface
flows drain along intermittent or ephemeral flow paths or watercourses. Should seepages be temporarily present,
following rainfall events, they will tend to flow towards these flow paths once released from the exposed rock.

With exception of up to a few days following heavy rain, all surface flow paths over the escarpment slopes within
the study area have been observed to be dry during GHD inspections of various sites around the Razorback
Escarpment region since 2019.

GHD | GM3 | 12610178 | Response to DPE Condition 3 16



3.4  Background zSubsidence impact upon
hydrogeology

Herein, background information on the potential impact upon hydrogeology as a result of mine subsidence is
presented. In the following Section 4, field observations are presented which indicate that the theoretical
expectations are not realised at the Razorback Escarpment, together with an explanation for the observed
response.

3.4.1 Expected physical influence from subsidence

Conventional surface subsidence effects and their impacts are well understood and are readily and reasonably
predictable by established empirical methods (NSW Department of Planning 2008). Hydrogeologically the effects
from subsidence can be broken down into zones of fracturing located above the goaf: known as the fractured
zone, the constrained zone, or the near surface zone, as shown in Figure 7 and Figure 8.
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Figure 7 A hydrogeological model for stress changes due to conventional subsidence proposed for the Central Coast by
Forster and Enever (1992).
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generally agreed upon to extend from the goaf to either the upper Narrabeen Group (Bulgo Sandstone, Bald Hill
Claystone), or Lower Hawkesbury Sandstone during conventional subsidence (IEPMC 2019). As such, the HoF is
not expected to have a direct hydrogeological influence on the Wianamatta Group which outcrops within the study
area. HoF of non-conventional subsidence is assumed to be unknown and may or may not influence the
subsidence curves near surface (Commonwealth of Australia 2023, MSEC 2013). The current general
understanding of hydrogeological connectivity would suggest key pathways for non-conventional subsidence (e.qg.,
fault zones, dykes) are unlikely to be hydrogeologically connected through the Wianamatta Group as localised
shearing within shales will produce fine-grained low permeability gouge. However, within individual sandstone
lenses or fine-grained units of siltstone rather than shale, non-conventional subsidence may cause local deeper
recharge paths (i.e., within the surface zone not to the mine workings).

The Wianamatta Group is expected to be located within either the constrained or surface zone, noting that the
primary difference between the constrained zone and surface zones shown in Figure 7 is the confinement caused
by the overlying geological strata. Although Figure 7 originates from bord and pillar mining from the Central Coast,
the response to the stress changes in the rock due to longwall mining will be similar, a modified version from GHD
(2004) for longwall mining is shown in Figure 8. The physical geological implications for the surface zone of
subsidence can be described using Figure 9 (WaterNSW 2016, Commonwealth of Australia 2023), and the more
detailed subsidence trough development shown in Figure 10 (MSEC 2007). Here, joints or other geological defects
may form within the tensile zone (Figure 9 Location A), open from rotation movements (Figure 9 Location B), close
or crush (Figure 9 Location C), or be relatively unaffected (Figure 9 Location D).
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Figure 9 Simplified surface response to vertical subsid ence (exaggerated vertical scale) (NSW Department of Plan  ning 2008),

reproduced from Commonwealth of Australia, (2023).+

In regard to impacts upon the permeability of the overburden rockmass in response to mine subsidence, and with
reference to the mechanics illustrated on Figure 8, it is noted that above the longwall mining interval various zones
are identified within which the consequences of goaf formation produce modifications to the rockmass
permeability. The interpretation is based upon the model presented in Figure 7 and Figure 8, together with the
results of exploration drilling. Locations within the overburden above the mining interval are identified where
modifications to vertical and horizontal permeability, separately, are noted. Whilst free-draining conditions occur in
the immediate roof collapse above the active mining interval, above that the expectation of increases in
permeability prevail, generally of perhaps less than several orders of magnitude. The model infers that flexing of
the strata occurs above the fractured zone whereby the permeability of the constrained zone is increased due to
straining of the rockmass, but retains significant rockmass permeability. This means that the more clastic strata
(shales, claystones and siltstones) continue to act as aquitards *albeit, of less effectiveness in the short-term.
Drainage between the aquitards produces, again in the short term, the equivalent of perched water tables *as
was observed in piezometer monitoring at Harris Creek cliff line - until groundwater recovery following the
cessation of mining.
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Figure 10 Detailed surface response with development of subside nce trough (exaggerated vertical scale) (MSEC 2007).

The model presented in Figure 8 applies to the rockmass with a horizontal surface landform. The porewater /
JURXQGZDWHU VLWXDWLRQ DW 5DJ]RUEDFNDAPWFBG SFRHVOMVEVKEBRARFHUG XN \WF
VWDQGLQJ  0Oibe&xtrRdtRat the lateral drainage of the escarpment will govern sub-surface drainage of

the Bringelly Shale, in particular +this stratum being the principal geology beneath the colluvial mantle upon the

slopes tsee Figure 6. Accordingly, the effects upon sub-surface drainage and porewater within the rockmass that

forms the Razorback Escarpment are reasonably anticipated to reduce groundwater as a result of drainage, rather

than to increase porewater pressures. This is to the benefit of the slopes by way of reducing potential adverse

porewater pressures within the rockmass, thereby reducing the likelihood of instability, or have no effect (adverse

or otherwise).

It is recognised throughout the Southern Coalfield that reduction of porewater pressures consequent to mine
subsidence are a transient effect, with groundwater recovery recorded within two to three years of cessation of
mining in an area, and not more than 5 years. The recovery re-establishes groundwater conditions comparable to
those existing prior to mining. Specific monitoring of this effect has not been conducted for Razorback
Escarpment to this time.

3.4.2 Effects of subsidence on porewater pressure ztheoretical
considerations

Global effects

For the purpose of appraisal of impacts upon slope instability, the permeability changes described in Figure 7 and
Figure 8 are important in short-term groundwater level changes and associated short-term pore pressures.
However, as all zones within this conceptual model lead to increases in permeability of the rockmass units, this will
result in reductions of pore pressure over the long term on the proviso that this water can leave the local
groundwater system, such as through seepage at cliff faces or at springs, zones of lower hydraulic resistance
deeper into the stratigraphy, or into additional groundwater storage (David et. al. 2017). Note that the surface
effects described by David (ibid) have not been observed at Razorback Escarpment by way of observations
between 2018 and the present.

GHD | GM3 | 12610178 | Response to DPE Condition 3 20



During active subsidence, confined tensile zones of the subsidence profile would expect to have a reduced
porewater pressure, whilst conversely the compressive zone will have a locally increased pressure head, as
shown in Figure 11.

With reference to the labels within Figure 9, in relative terms, porewater pressures near the ground surface will
decrease at points A and B, increase at point C, and either remain unaffected or decrease at point D. The
pressure decreases will occur, as a result, due to an increase in the hydraulic storativity of the rock mass (i.e.,
dilated pore spaces and/or opening of fractures (David et al. 2017)). For Figure 9, at points A and B this would
occur in three dimensions, whereas at point D this will occur only in the vertical direction. The magnitude of these
changes will vary depending on the geological media, and the relationship between that unit and the surrounding
geology, for example, a thick shale or sandstone unit versus siltstone or sandstone lenses.
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Figure 11 Expected pore pressure response within a conventional subsidence profile - base drawing from Donnelly et al.
(2008). Base drawing has been annotated to demonstrate predicted zones of pore pressure change  during active

mining.

Pressure fluctuations caused by subsidence may be able to be relieved (particularly near surface) naturally
through seepage, such as seepage and/or springs or where pre-existing fracture networks exists, such as joints or
faults. Should the rate of increasing strain be slower than the rate at which drainage can occur, theoretically
increased pressure will not be observable. The pressure changes will likely only exist during the subsidence
period, with an expected drop in overall pressure over the longwall panel once subsidence is complete.

Non-conventional subsidence, such as from the effects of subsidence on steep topography and cliff lines (Kay and
Carter 1992), may result in less predictable pore pressure responses. In that situation, the tensile and compressive
strains may not manifest as predicted for flat topography as a consequence of the slope geometry; however,
pressure responses will remain sympathetic to strain distributions.

Accordingly, pressures may increase during the initial active subsidence in zones of compression, but will reduce
in zones of tension. After subsidence has occurred a general trend of reducing pore pressure would be expected.
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Local effects

Local increases in the groundwater level may occur locally due to increased recharge pathways through cracking
of the surface or due to dilation of existing defects within the rock mass. Conversely, compressive strains may also
close defects and reduce the recharge potential excluding where crushing occurs, resulting in local sandy infills.
These relative increases in groundwater recharge to the pre-subsidence state will likely lead to additional
groundwater pressure occurring post-rainfall events, but also allow these recharged groundwaters to dissipate
faster (within the same lithological unit or through seepage faces). This may result in a temporary increase in
measurable pore pressures directly after rainfall events with a subsequent faster and long-term reduction of pore
pressures. An example for such infiltration potential is shown in Figure 12. The life expectancy of such cracking in
the soil profile will be short lived as they erode and infill from the host lithology. Cracking or fracturing of rocks near
surface will gradually be backfilled with the overlying soil profile over an unknown duration and to an unknown
completeness of infill.

Figure 12 Example of surface tension cracking  on a slope, Razorback Range Escarpment.
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4. Review of hydrologic and related landslide
data

4.1 Rainfall data

Available rainfall data, as shown in Figure 13, indicates that from 2019 to 2022 an increasing yearly cumulative
rainfall was recorded both locally (Douglas Park, Picton, and IMC monitoring) and regionally (Observatory Hill
Sydney) compared to the 5 years prior. This would indicate, for the slope-forming processes present at the
Razorback Escarpment (as described in AGS 2007), a higher likelihood of landslide activity over the Razorback
Escarpment during the 2020 to 2022 period. It is noted that approximately double the average rainfall occurred
during the 2021 to 2022 period. Balancing that, the annual rainfall for 2023 was significantly lower than the two
years prior.
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Figure 13 Cumulative rainfall for the Eastern Razorback Ranger  egion from 2014 to 2024. Observatory Hill (~Sydney C  BD) is
included for comparison to the weather stations local to the Razorback Escarpment. The rainfall data is prese  nted
as cumulative rainfall depth during the course of each year.

4.1.1 Landslide Observations

Regular observations of properties on the Razorback Range that are situated close to the crest of the escarpment
or on the lower escarpment slopes and within longwall mining subsidence zones have been undertaken by GHD
since mid-2021. Observations of properties have generally been undertaken monthly during active mining and are
compared with baseline assessments of the properties that were mainly completed during 2020. A correlation
between landslides and high intensity and prolonged rainfall events is recognised for the Razorback
Range/Douglas Park region. It is noted that the exact date of each landslide occurrence is not known (being
identified at typical monthly intervals), however the observed changes to the steep slopes and cliffs, and landslide
activity, between typical monthly site observation visits were recorded. In line with existing literature, e.g., AGS
(2007), this correlation is seen as evidence for the primary driver of landslide occurrence at the Razorback Range
Escarpment.

The following examples from monthly geotechnical inspections of the rural property at 950 Menangle Road
demonstrate the correlation between high intensity rainfall events and landslide observations. The landsides
described here are typical of the form and nature of landslides across the south-facing portion of the escarpment.
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1. Arainfall event which maintained 40 mm/day for two days starting on 24 August 2021 is recognised to
have triggered slumping along the top of survey line SSB (GHD, No. 950 Menangle Road - Monthly
Inspection Report - September 2021; Figure 14, December 2021; Figure 15). No slumping had been noted
in the previous inspections of the same location at the start of August 2021. It is noted that this slumping
occurred within a much larger historical landslide that would have occurred hundreds or possibly
thousands of years ago.

Figure 14 Drone flight image of the landslide approximately 10m east of subsidence line  SSB, 02 November 2021. The slide or
slump lies with a shallow depression or gully on a s teep slope (GHD (2021c), No. 950 Menangle Road - Month ly
Inspection Report +December 2021)

2. Further landslides were noted on No 950 Menangle Road during observation visits in April and July 2022
(Reports: GHD, No. 950 Menangle Road - Monthly Inspection Report +April 2022, Figure 16; and GHD,
No. 950 Menangle Road - Monthly Inspection Report +July 2022, Figure 17 and Figure 18, respectively),
each corresponding with either an intense rainfall event or a sustained high rainfall over multiple days. For
example, the April 2022 observations can be correlated with 40mm rainfall events on 02 or 27 April 2022,
and the July observations with a 200mm event on 2 July 2022.
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Figure 15 View of soil slump on steep hillside near upper part o f Survey line B (GHD (2021c), No. 950 Menangle Road ,
following heavy rainfall events in August and Novembe r 2021 - Monthly Report +December 2021).

Figure 16 Shallow landslide on lower part of steep escarpment slo pes, No. 1040 Menangle Road (GHD (2022c).
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Figure 17 Local failure of cliff face located upslope between D a nd E survey lines. Also, erosion within flow path abo ve the
cliff . (GHD (2022d), No. 950 Menangle Road - Monthly Report ~ +July 2022)

Figure 18 Wet to saturated landslide debris below escarpment c liff shown in Figure 12. Photo taken during or immedia tely
following a significant rainfall event. (GHD (2022d), No. 950 Menangle Road - Monthly Report  +July 2022).
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A comparison between rainfall events (>20mm) that triggered observation visits under the longwall mining
Management Plan and landslide observations from GHD monthly inspections since 2021 are shown in Figure 19.

The tabulation of these observations is presented in Appendix C. Note that GHD visited only nominated properties
about the Razorback Range, being limited to specifically nominated properties, accessible areas on the slopes

(being challenged by vegetation growth in particular), and time associated with active mining.
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4.2  Groundwater and recharge observations

Within the study area to date, the groundwater response for Razorback Range has been monitored through
downhole piezometer arrays installed within boreholes S2533 and S2315. These installations are located within
the Wianamatta Group and underlying Hawkesbury Sandstone respectively. Within the monitoring boreholes,
strings of Vibrating Wire Piezometers (VWP) have been installed, to depths of up to 576 metres downhole. The
locations of the boreholes are shown in Figure 20, and a comparison of groundwater level responses to rainfall is
shown in Figure 21.

Figure 20 Locations of plotted piezometers (labelled red dots). M ultiple sensors at varying depths are install at each | ocation.

The response of S2533 (elevation at surface, 264.44 mAHD, being situated upon the plateau behind the
Razorback Escarpment) suggests that the upper piezometer sensor at a depth of 30m, which previously did not
respond to rainfall prior to the mining of LW905, has shown signs of response during triggering level rainfall events
since the start of February 2023, at a time when the active mining face of LW905 was nearing the end of panel
(EOP). This suggests a shallow groundwater pathway (a possible or potential pathway, along a linear feature or
3D path, from one location to another) may have been formed due to mining.

Understanding the pathway which has resulted in the uppermost piezometer in S2533 responding to rainfall is
complex. For the recharge from rainfall to reach the underlying rock, it must first travel through the overlying
colluvium or residual soil profile. The soils of the Razorback Range region are predominately medium to highly
reactive clays, with drying and shrinkage occurring between rainfall events and subsequent wetting and swelling
occurring during and following rainfall events. Although the clay soil itself is of low permeability, when drying
cracks are present, they may extend to depths of half a metre (as sounded) or greater. It is suggested that this
may allow rainfall to bypass a significant portion of the soil profile, and also pool within cracks to then slowly
infiltrate the remaining soil profile and underlying rock rather than running off at the ground surface. As such,
groundwater near surface recharge may be significantly higher after long dry periods rather than during sustained
periods of low to moderate intensity rainfall, due to ground desiccation and opening of clay shrinkage cracks, as
shown in Figure 22. Groundwater infiltration is therefore expected to be greater into these open cracks, and their
environment, than a non-cracked ground surface.

The distribution of clay cracking from drying will vary with land use and vegetation coverage. Clay cracking is more
likely to occur where vegetation cover is thin or the soil surface is exposed, and following extended periods without
rainfall, as shown in Figure 22, and less likely to occur on the thickly vegetated residual clay and colluvial slopes
due to reduced direct exposure and subsequent heating of the ground surface.
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Figure 21 Rainfall versus groundwater levels from S1954, S2315a nd S2533. Displayed rainfall has been limited to MSR 74  .7km (Area 9) and Douglas Park_68200 due to proximity to
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Once recharge has reached rock, the extraordinarily short time frame for this response to occur within S2533 (e.g.,
8.3m of head increase between 2 December 2023 00:00 hrs and 12:00 hrs) demonstrates the response is from
fracture flow. It is difficult to distinguish if this is from a failure and fracturing of the grout within the instrumented
borehole, or flow through fractures within the geological medium. As the groundwater level never reaches surface
after a rainfall event, it is likely a combination of both. The groundwater response occurs so rapidly it is not
possible that the magnitude of pressure increase is also experienced within the porous geological medium
because of the comparatively low hydraulic conductivities compared to fracture flow (a proportional delay in
response would be expected based on assessed hydraulic conductivities). The groundwater response at S2533
takes months to dissipate and appears unaffected by minor rainfall events. It is unclear if this is the water pressure
dissipating from fractures into the porous media or groundwater leaving the wider groundwater system as
seepage. No other piezometers are known to be located within the slope forming lithology of Razorback Range.

As discussed in Section 3.4.2, the associated recharge from the groundwater response to rainfall will increase the
groundwater pressure, reducing the effective overburden stress. For the example of groundwater response to
rainfall of S2533, the reduction of effective overburden stress is expected to occur local to the transmissive
fractures, not within the rock mass or covering residual clays.

As discussed by Fell et al. (2012), pore pressures in slopes are controlled by the relative permeability of the
different strata, which in turn is controlled by stratigraphy, stress-relief features, and weathering. It is also noted
that fracture transmissivities are several orders of magnitude greater than porous equivalents. These factors must
be considered when attempting to predict pore pressures and when installing piezometers to measure pressures.
Seasonal and annual variations in climate also produce changes in pore pressures, and it may take several years
of monitoring, with short intervals between readings, to understand groundwater conditions for each specific
lithology, depth and overall setting. Pore pressures in slopes may vary significantly over a period of hours during
heavy rainfall due to direct rainfall infiltration and surface flows onto the slopes, as well as those discussed for
S2533.
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Figure 22 Clay cracking at same location at rear of 14 Gibraltar Drive from May 2023 to January 2024 (GHD 2023, 2024, 2024a,
2024c). Width and extent of clay cracking increased in size fr om photos a) to b) with increased drying, before
starting to close in c), and finally closed / inundated in d) and e). Arrows between photos provide relative

chronological order of when each photo was taken.
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5. Potential expected range of effects

Subsidence will cause mine-induced modification of groundwater which may locally increase slope instability. The
primary driver of this potential change is enhanced (more rapid) groundwater recharge into bedrock or the soil/rock
interface through isolated (not connected) surficial cracks following rainfall events. Subsequent discharge of this
groundwater into colluvium or residual soil slopes, or the pressurisation of the slope would increase slope
instability locally. Land-use and recent rainfall history will affect the ability of water to penetrate residual soil or
colluvium and reach the bedrock.

Minor increase in slope instability may also occur during active subsidence due to pressure changes from induced
strains for potentially deep-seated landslides anywhere within the steep escarpment slopes. These effects are
likely insignificant to very minor unless compounding with non-groundwater related risks (such as coinciding with
intense rainfall events). Regionally, the reduction of groundwater levels / pore pressure in the majority of the study
area will increase the stability of slopes.

Contributing factors of mine-induced modification of groundwater which may locally affect slope instability are
described in Table 2.

Table 2 Contributing factors of mine-induced modificati on of groundwater on slope instability
oo pssesmen
Rainfall Potential for enhanced groundwater recharge into bedrock from fracturing. Response will vary

depending on duration and intensity of rainfall. The highest likelihood of instability will exist during high
intensity rainfall events where the ground is already saturated. High intensity events on non-saturated
ground may result in erosion rather than changes in groundwater pressures.

Geology The nature of mine-induced modifications of groundwater is lithology dependent. Within rock, fractures
will behave as described in Section 3.3.20. The layered siltstone / sandstone rocks of the slopes will
act as an interlayering of aquifer / aquitards, reducing the amount of recharge from the plateau which is
able to penetrate sandstone members closer to the bottom of the slopes. Subsequently, the enhanced
lateral flow potential of sandstone units further down the slopes will have a more subdued effect than
those higher up the slopes due to the lack change in available water to be discharged. The high
content of swelling clays within the Bringelly Shale also suggests fracturing of the siltstone aquitards is
unlikely to result in hydraulically transmissive fractures to allow enhanced vertical connectivity.

Within residual soils and colluvium, no significant effects will occur unless groundwater is discharged
from the underlying or adjacent bedrock units.

Slope Conditions: | Cliffs may experience a minor increased likelihood of instability after rainfall events associated with
Cliffs temporally and locally elevated groundwater levels due to increased recharge from mining via surficial
cracks. Larger discharge through sandstone units may accelerate weathering and undercutting of
siltstones/shales.

Slope Conditions: | Slopes Z L \dbHKuvial soils may experience an increase in likelihood of instability in areas of
Colluvial soils groundwater discharge from underlying or adjacent bedrock units due to enhanced vertical and lateral
flow in sandstone members, associated with enhanced recharge through surficial cracking.

Slope Conditions: | Slopes with residual soils may experience an increase in likelihood of instability in areas of
Residual Soils groundwater discharge from underlying or adjacent bedrock units due to enhanced lateral flow in
sandstone members, associated with enhanced recharge through surficial cracking.

Slope Conditions: | The dynamic process of groundwater recharge primarily takes place within the plateau regions of
Relative Elevation | Razorback Range. As such, mine-induced modification of groundwater on slope instability will mostly
be constrained to these plateau areas which are close to the crest of the escarpment and the adjacent
cliffs and steep slopes.

In foothill areas where no escarpment exists, such as Burrells Road, Quirkes Lane, and Hawkey Road
properties, additional discharge would be expected in areas at lower elevations than the main
Escarpment area. The potential for recharge to affect these areas will be highly variable. Land-use /
man-made influences may have significant effects.

Vegetation Highly vegetated areas will reduce the prevalence of clay cracking, in-turn reducing overall
groundwater recharge.

Man-made Land clearing and modification of the land surface (e.g., scraping back of topsoil) enhancing the

Influence probability of clay cracking occurring, exposing rock, and / or ponding occurring at the surface. This will

locally enhance groundwater recharge through the soil and rock profiles.
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6. Future monitoring/mitigation measures

From an overall landslide likelihood perspective, longwall mining to date has had very little observed influence
upon landslide frequency along the parts of the Razorback Escarpment cliffs and steep slopes beneath which
longwall mining has occurred, despite near continuous monthly observations of various parts of the slopes since
2020. Shallow landslides have occurred, but are appraised to be associated with rainfall events up to an average
annual recurrence of 0.05pa (viz: 1 in 20 year events), and particularly in the early part of 2022, when the region
received significantly greater than average rainfall. The shallow landslides observed occurred within the south-
facing slopes of the Razorback Escarpment, and are consistent with naturally occurring, rainfall-induced
landslides. Whilst there is a limited time over which close observation of the slopes has occurred, and accordingly,
limited means to interpret the landslide frequency, the instability has not been observed to occur other than with
rainfall events, has not been linked with the positions of the active face of mining or subsidence development, and
observations of landslide mechanics do not indicate other than natural slope forming processes have occurred.

Pragmatically, the technical challenge for the conduct of further practical study and monitoring of landslide triggers,
independent of issues in regard to access to properties, is the realistic ability to identify and monitor shallow or
deep-seated landslides, or rockfalls, before their occurrence. Whilst the Razorback Escarpment in the context of
JHRORJLFDO WLPHVFDOH LV DQ *DFWLYH” ODQGIRUP WKDW WVL YV HMRUW QD WL
timeframe inconsistent with human experience. Whilst the landslides that have oc FXUUHG DFURVV WKH (V
slopes can be explained after the event in their geotechnical context, prediction of their occurrence at a specific

site (to permit monitoring beforehand) is not feasible.

In other words, the geomorphological setting of the Escarpment slopes is clearly susceptible to shallow instability,
and would be appraised to have high susceptibility within that setting. However, identification of particular
landslide footprints prior to their occurrence across those slopes is not feasible.

Furthermore, evidence of recent (last 100 years) deep-seated instability has not been observed across the
escarpment crest or upon the colluvial slopes, meaning monitoring of that type of landslide is also impractical at
this time.

Similarly, rockfall instability of the cliff line faces is occurring within a geological timescale, and only local rockfalls
have been observed. Prediction of future rockfalls, however, cannot be achieved in other than a generic context +
as discussed above for shallow colluvial landslides.

Accordingly, it is believed that whilst the setting of Razorback Escarpment is clearly one of active natural
instability, and geomorphological interpretations make this readily apparent (as per GHD 2021 as an example),
issues that are present include:

i. Identification of potential sites of instability beforehand is not practical;

ii. On-going growth of dense vegetation across much of the escarpment slopes makes observation and Lidar
surveying challenging for monitoring purposes; and

iii. At present, there is little to no direct evidence observed of adverse impacts from longwall mining to slope
stability near or below the Razorback Escarpment, preventing the quantification of the propensity for mine-
subsidence related modification of groundwater to cause instability above natural level frequencies..

Accordingly, specific and focused instrumented monitoring is judged impractical at this time. Pre-mining and during
mining visual inspections, risk profiling as well as post-landslide occurrence investigation remains the pragmatic
approach. GHD has provided a recommended monitoring program in its responses to Condition 2 (GHD 2025)
which has resulted in the trigger levels (including cumulative 24-hour running rainfall averages) and corrective
management actions for relevant properties described in the Structures Management Plan, Section 6 (MSEC
2025), provided herein as Appendix D. A summary of the measures implemented include:

+ Pre-mining geotechnical inspections and slope risk assessments of selected properties based on prior
desktop studies (GHD 2022, 2025).

+ Ongoing geotechnical inspections of selected properties based on prior desktop studies and findings of the
pre-mining inspections.
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+ Global Navigation Satellite System (GNSS) units on plateau above and near escarpment cliffs with associated
horizontal and vertical movement triggers.

+ Rainfall monitoring and associated triggers.

+

Ongoing review of the slope behaviour and landslide occurrences by a structures review group (SRG) during
mining, including GNSS measurements, conventionally land based surveys and rainfall triggers.

Whilst a series of shallow (to base of colluvium and/or residual) monitoring wells would allow a greater
understanding of the piezometric head values developed in response to rainfall within the steep colluvial slope
setting, in the first instance, the practicality of installation would be challenging. In the second instance, linkage to
specific instability is unlikely to be achieved. Random installation at potentially accessible locations would perhaps
EH LQ WKH FRQWH[W RI pU H aK&ingFoKdlem2ntdAatrRX(Matuvabfebfukdd) &n the Escarpment.

It is unlikely that significant instrument based additional monitoring would yield proportional insights into mine
subsidence-induced modification of groundwater in regard to slope instability. Monitoring of rainfall, and
implementation of rainfall trigger intervals for site observations as well as routine geotechnical site inspections, are
considered an appropriate management technique, and specific research is considered impractical for Appin

Area 7.

Slope depressurisation systems (e.g., horizontal slotted drains) constructed pre-mining to mitigate potential mine-
induced impacts on slope instability, are highly unlikely to be effective as they are highly likely to not be in the
required locations. Additionally, should such depressurisation systems be themselves damaged by mine
subsidence (e.g. sheared and blocked), they could conceivably contribute to slope instability by increasing lateral
groundwater flow but failing to discharge the groundwater from the slope in a controlled manner. Notwithstanding
the above, slope depressurisation systems may be effective in addressing slope instability concerns where a
specific hazard to a property has been identified and following detailed geotechnical investigation of that hazard.
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A3 Figures

Figure A-1 Appin Area 7 Mine Plan | Predicted Subsidence Contours | Aerial
Figure A-2 Hillshade Terrain | Previous Landslide Mapping | UOW Landslide Inventory

Figure A-3 Strahler Drainage Network | Elevation Contours
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Appendix C

Rainfall events and landslide observations

Table C1 Landslide observations 2020-2023



Table C-1 Landslide observations from GHD and othersr  eporting.
This landslide observation data has been extracted from GHD monthly and other reporting since 2020. Reports with landslide observations used in this table include GHD (2021,
2021a, 2021b, 2021c, 2020, 2022a, 2022h, 2022c, 2022d, 2022e, 2022f).

Date Rainfall Triggered Triggered Triggered Comment Landslide Existing / Report ID Landslide Deep/Sh
Trigger at VS6 at MSR at MSR activity New Type -allow
(mm) 74.7 km 69.0 km observed? Landslide Seated

27107/ 25 Y N/A N/A MSR monitoring -
2020 not operational

yet
10/08/ 40 Y N/A N/A MSR monitoring -
2020 not operational

yet, VS6 peaked

at 39.92
25/10/ 20 Y Y N/A MSR 69.0 km -
2020 not operational

yet
31/10/ 40 Y Y N/A MSR 69.0 km -
2020 not operational

yet
5/11/2 20 N Y Y -
020
6/11/2 20 N Y Y -
020
13/11 25 Y N Y -
2020
14/11/ 25 Y N Y -
2020
13/11 25 Y N Y -
2020
14/11/ 25 Y N Y -
2020
22/12/ 25 N/A Y Y -
2020
30/01/ 20 N Y N -
2021
2/02/2 25 N Y Y VS6 triggered -
021 20mm
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Rainfall Triggered Triggered Triggered Comment Landslide Existing / Report ID Landslide Deep/Sh

Trigger at VS6 at MSR at MSR activity New Type -allow
(mm) 74.7 km 69.0 km observed? Landslide Seated
13/02/ 25 N Y N -
2021
19/03/ 25 N/A Y Y VS6 offline -
2021
20/03/ 20 N/A Y Y VS6 offline -
2021
21/03/ 100 N/A N Y VS6 offline, -
2021 MSR 69.0 km
reached 80 mm
22/03/ 20 N/A Y Y VS6 offline -
2021
23/03/ 40 N/A Y Y VS6 offline -
2021
24/03/ 40 N/A Y Y VS6 offline -
2021
7/06/2 40 N/A Y Y VS6 offline, -
021 peaks ~75mm
24/08/ 40 Y Y N Nothing Y Existing Pre No. 950 Shallow Shallow 60m2
2021 observed prior 03/09/20 = Menangle Slumping , top
month pre 21, post Road - on top of scarp
rainfall event start of Monthly survey line ~1m
2021 Inspection B
Report -
September
2021
25/08/ 40 Y Y N MSR 69.0 km Y Existing Pre No. 950 Shallow Shallow 60m2
2021 triggered 25mm, 03/09/20 = Menangle Slumping , top
Nothing noticed 21, post Road - on top of scarp
prior month pre start of Monthly survey line ~1m
rainfall event 2021 Inspection B
Report -
September
2021
26/08/ 40 Y Y N Nothing noticed - Pre No. 950 Shallow Shallow 60m2
2021 prior month pre 03/09/20 = Menangle Slumping , top
rainfall event 21, post Road - on top of scarp
Monthly ~1m
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2/10/2
021

5/11/2
021

6/11/2
021

12/11/
2021

25/11/
2021

26/11/
2021

27111
2021

10/12/
2021

11/12/
2021

6/01/2
022

Rainfall

Trigger
(mm)

20

20

20

20

20

25

20

40

20

20

Triggered
at VS6

Triggered
at MSR
74.7 km

Triggered
at MSR
69.0 km

Comment

Rainfall volume
appears to have
been insufficient
to cause failure
from September
visit to re-
activate

Rainfall volume
appears to have
been insufficient
to cause failure
from September
visit to re-
activate

Landslide
activity
observed?

Existing /
New
Landslide

Report ID Landslide Deep/Sh

Type -allow
Seated

start of Inspection | survey line
2021 Report - B

September

2021
Pre No. 950 No
03/09/20 | Menangle reactivatio
21 Road - n

Monthly

Inspection

Report -

December

2021
Pre No. 950 No
03/09/20 | Menangle reactivatio
21 Road - n

Monthly

Inspection

Report -

December

2021
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Rainfall Triggered Triggered Triggered Comment Landslide Existing / Report ID Landslide Deep/Sh

Trigger at VS6 at MSR at MSR activity New Type -allow
(mm) 74.7 km 69.0 km observed? Landslide Seated
7/01/2 20 Y Y N -
022
8/01/2 25 Y Y N N Pre No. 950 No
022 03/09/20 | Menangle reactivatio
21 Road - n
Monthly
Inspection
Report +
January
2022
17102/ 25 Y N N -
2022
18/02/ 25 Y N N -
2022
23/02/ 25 Y Y Y -
2022
24/02/ 25 Y Y Y -
2022
25/02/ 25 Y Y Y -
2022
26/02/ 25 Y Y Y Y Pre No. 950 Shallow
2022 03/09/20 | Menangle and
21 Rd & 85 erosional
Hawkey
Rd *
Monthlylns
pection
Report *
February
2022
2/03/2 40 Y Y Y Y New Pre No. 950 Slumps Shallow Slum
022 21/04/20 | Menangle and and ps:
22 Rd & 85 Rockfalls erosional | 30to
Hawkey (on 1040 300
Rd + Menangle m2
Monthly Road) area,
Inspection 0.5to
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3/03/2
022

26/03/
2022

27103/
2022

7/06/2
022

Rainfall Triggered Triggered Triggered

Trigger at VS6 at MSR at MSR
(mm) 74.7 km 69.0 km

25 Y Y Y
25 Y Y Y
25 Y Y Y
40 Y N N

Comment Landslide Existing /
activity New
observed? Landslide

Y Existing +
New

Pre
21/04/20
22

Pre
21/04/20
22

Pre
21/04/20
22

Pre
29/06/20
22, post
21/04/20
22

Report ID

Report +
April 2022

No. 950
Menangle
Rd & 85
Hawkey
Rd +
Monthly
Inspection
Report +
April 2022

No. 950
Menangle
Rd & 85
Hawkey
Rd +
Monthly
Inspection
Report +
April 2022

No. 950
Menangle
Rd & 85
Hawkey
Rd +
Monthly
Inspection
Report +
April 2022

No. 950
Menangle
Rd & 85
Hawkey
Rd *
Monthly
Inspection
Report +
June 2022

Landslide
Type

As above

As above

As above

Continued
developm
ent of
previous
slumps,
and
additional
shallow
seated
colluvium
rotations

Deep/Sh
-allow
Seated

As above

As above

As above

New are
shallow,
existing
became
deeper

As
abov

As
abov

Pre-
existi
ng

did
not
incre
ase
spatia
| area
signifi
cantly
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8/06/2
022

2/07/2
022

3/07/2
022

4/07/2
022

Rainfall Triggered Triggered Triggered
Trigger at VS6 at MSR at MSR
(mm) 74.7 km 69.0 km
40 Y N N
100 Y Y Y
100 Y Y Y
40 Y Y Y

Comment Landslide Existing /
activity New
observed? Landslide
Y Existing As above
Y Existing + Pre
New 21/07/20
22, post
29/06/20
22
Y Existing As above
Y Existing As above

Report ID

No. 950
Menangle
Rd & 85
Hawkey
Rd +
Monthly
Inspection
Report +
June 2022

No. 950
Menangle
Rd & 85
Hawkey
Rd +
Monthly
Inspection
Report +
July 2022

No. 950
Menangle
Rd & 85
Hawkey
Rd +
Monthly
Inspection
Report +
July 2022

No. 950
Menangle
Rd & 85
Hawkey
Rd +
Monthly
Inspection
Report +
July 2022

Landslide
Type

As above

Continued
developm
ent of
previous
slumps
becoming
deeper,
and
additional
shallow
seated
colluvium
rotations

Continued
developm
ent of
previous
slumps

As above

Deep/Sh
-allow
Seated

As above

New are
shallow,
existing
became
deeper

Shallow
and
erosional

As above

As
abov

Pre-
existi
ng

did
not
incre
ase
spatia
| area
signifi
cantly

As
abov

As
abov
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5/07/2
022

28/09/
2022

29/09/
2022

8/10/2
022

9/10/2
022

1/11/2
022

6/11/2
022

13/11/
2022

14/11/
2022

Rainfall

Trigger
(mm)

20

25

20

40

40

40

20

25

40

Triggered Triggered

at VS6 at MSR
74.7 km

Y Y

Y Y

Y Y

Y Y

Y Y

Y Y

N/A Y

Y Y

Y Y

Triggered
at MSR
69.0 km

N/A

Comment Landslide Existing /
activity New
observed? Landslide

Y Existing

MSR 69.0 km -

not operational

yet

Y Existing

From close to -

midnight only

Y Existing

As above

As above

As above

Report ID Landslide Deep/Sh
Type -allow

Seated

No. 950
Menangle
Rd & 85
Hawkey
Rd +
Monthly
Inspection
Report +
July 2022

As above As above

No. 950
Menangle
Rd & 85
Hawkey
Rd +
Monthly
Inspection
Report +
November
2022

As above As above

85 Hawkey | As above As above
Rd

Menangle

+Monthly

Inspection

Report +

As
abov

As
abov

As
abov
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Rainfall Triggered Triggered Triggered Comment Landslide Existing / Report ID Landslide Deep/Sh

Trigger at VS6 at MSR at MSR activity New Type -allow
(mm) 74.7 km 69.0 km observed? Landslide Seated
December
2022
19/01/ 25 Y N Y Issues with -
2023 MSR 74.7 km
monitoring,
assumed
unreliable likely
did trigger
25/01/ 25 Y N N -
2023
31/01/ 40 N Y N VS6 and MSR -
2023 69.0 km trigger
25mm
13/03/ 20 N N Y MSR 69.0 km -
2023 peaks at
19.4mm, taken
as trigger
30/04/ 40 N Y N VS6 and MSR Y New Pre No. 16 Minor slumps upper side of
2023 69.0 km trigger 16/05/20 | Gibraltar dam, more significant slumping
25mm 23, post Drive, on lower slopes with minor rock
2020 Razorback | falls and a more major slump.
[Property May have happened anytime
ID 0O05] post 2020 inspection
Site
Observatio
ns Report
+16 May
2023
1/05/2 25 Y Y Y -
023
17/11 20 N Y N -
2023
18/11/ 20 N Y N -
2023
29/11/ 40 Y Y N MSR 69.0 km -
2023 triggers 25mm
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30/11/
2023

3/12/2
023

20/12/
2023

25/12/
2023

26/12/
2023

Rainfall

Trigger
(mm)

40

25

40

25

25

Triggered
at VS6

Triggered
at MSR
74.7 km

Triggered
at MSR
69.0 km

Comment Landslide Existing /
activity New
observed? Landslide

VS6 and MSR Y Existing

69.0 km triggers

25mm, MSR

74.7 km peaks

at 86.6mm

VS6 triggers Y Existing

25mm

MSR 69.0 -

triggers 20mm

Pre
16/05/20
23, post
2020

Pre
16/05/20
23, post
2020

Landslide
Type

Report ID Deep/Sh
-allow

Seated

No. 16 Slumping at 16 Gibraltar
Gibraltar observed to have increased in
Drive, size

Razorback

[Property

ID 0O05]

Site

Observatio

ns Report

+DRAFT

November

2023

No. 16 Gibraltar Drive, Razorback [Property ID
005] Site Observations Report +December
2023
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6.0 RISK CONTROL PROCEDURES

6.1. Structures Response Group

The Structures Response Group (SRG) is responsible for taking the necessary actions required to manage
the risks that are identified from monitoring of structures. The SRG’s key members are:

€ GMS

€ Mine Subsidence Engineering Consultants;
€ Inglis Engineering;

€ GHD; and

€ SLR.

The SRG may also invite other specialist consultants, from time to time, as they are required.

6.2. Community consultation, cooperation and coordination

The extensive experience of longwall mining in the Southern Coalfield has found that the most effective
method of managing potential impacts on the safety and serviceability of structures is by way of community
consultation. Residents living within the active subsidence zone have often provided early feedback about
impacts developing at their houses or along their local roads. Contact is made well before impacts develop
to a level of severity sufficient to become a safety hazard.

The initial community consultation commenced during the preparation of the Bulli Seam Operations Part 3A
Application, the LW705 to LW710 SMP Application and the LW709 to LW711 and LW905 Extraction Plan
Application. GM?® has continued dialogue with the residents through the GM® Community Consultation
Committee (CCC) and the community newsletter.

The approaches adopted by GM? are listed below:

€ Undertake conservative predictions and impact assessments

GM?® and MSEC have adopted a conservative approach to predicting subsidence and assessing
impacts. This reduces the likelihood of understating the assessed impacts. For example,
predictions for each structure have been made by predicting the maximum subsidence, tilt,
curvature and strain within a 20 m radius around each structure;

€ Undertake detailed predictions and impact assessments

By undertaking detailed subsidence predictions, GM? is able to provide residents with site-specific
predictions for their own structures. Individual assessments provide some comfort to concerned
residents. This is particularly helpful for residents that live beyond the extent of mining and are
expected to experience only small movements;

€ GM?3 Community Consultative Committee

This committee meets at regular (two-monthly) intervals. It allows GM?3 to present information to the
committee and receive feedback. The committee is committed to ensuring that the concerns of the
community are well understood by GM2. Many of the members have been part of the committee for
several years, and this allows for informed discussion to take place;

€ Correspondence to residents

GM:? sends correspondence (emails and mass messaging) to the community advising of imminent
longwall mining in their area. By continuing to engage with residents at each stage of mining, GM3
is able to find new residents who might not have been aware that mining was taking place. The
correspondence include:

o Notification of preparation of the Extraction Plan Application for LW709 to LW711 and
LW905. The notification includes a Built Features Management Plan Pack with information
on longwall mining and mine subsidence, claims process with SA NSW, recommendation
to undertake pre-mining hazard identification inspection by GM3, a list of emergency
contact numbers and point of contact at GM3;

o Notification of imminent commencement of each longwall, the issue of quarterly updates
and longwall completion. The correspondence is sent to all landowners whose properties
are located within the predicted limit of vertical subsidence. The correspondence
encourages the landowners to undertake pre-mining hazard identification inspections;

o For properties where pre-mining hazard identification inspections or checks have been or
will be undertaken in accordance with this Management Plan, GM?® has or will make direct
contact to arrange access with the landowner by email, letterbox drop and phone;
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€ Individual meetings with residents
Many members of the community prefer to meet with Mine representatives face to face. GM® has
held many individual meetings with concerned residents to explain how mine subsidence develops
and what the impacts might be. This is a time consuming but rewarding process for residents and
GMS;

€ Quarterly reporting
GM? provides regular updates on the progress of mining in the area. This is conducted mainly by
community newsletter by mail, email, website and noticeboards for any member of the community
who wishes to be regularly informed. The updates advise the current position of the longwall and
what impacts have been observed during the past few months;

€ Prompt response to reported impacts
GM:? responds quickly to impacts that are reported by the community. If a severe impact is
reported, GM? checks neighbouring properties to see whether the incident is localised or part of a
larger potential issue;

€ Ongoing monitoring if impacts occur

Where impacts have been reported, GM? offers to continue monitoring the property for further
impacts, if required.

6.3. Development and selecti on of risk control measures

GM? has developed and selected risk control measures in consultation, co-ordination and co-operation with
the landowner in accordance with WHS legislation. In accordance with Clauses 35 and 36 in Part 3.1 of the
Work Health and Safety regulation (2017) and the guidelines (MSO, 2017), a hierarchy of control measures
has been considered and selected where reasonably practicable, using the following process:

1. eliminate risks to health and safety so far as is reasonably practicable, and

2. ifitis not reasonably practicable to eliminate risks to health and safety — minimise those risks so far
as is reasonably practicable, by doing one or more of the following:

(@)  substituting (wholly or partly) the hazard giving rise to the risk with something that gives rise
to a lesser risk

(b) isolating the hazard from any person exposed to it,
(c) implementing engineering controls.

3. if arisk then remains, minimise the remaining risk, so far as is reasonably practicable, by
implementing administrative controls.

4. if arisk then remains, the duty holder must minimise the remaining risk, so far as is reasonably
practicable, by ensuring the provision and use of suitable personal protective equipment.

A combination of the controls set out in this clause may be used to minimise risks, so far as is reasonably
practicable, if a single control is not sufficient for the purpose.

There are primarily two different methods to control the risks of subsidence, namely:

Method A — Selection of risk control measures to be implemented before the development of subsidence,
(Items 1 and 2 above), and

Method B — Selection of risk control measures to be implemented during the development of subsidence
(Items 3 and 4 above).

Method A risk control measures are described in Section 6.4.

Method B risk control measures are described in Sections 6.5 to 6.10. Before selecting Method B risk
control measures, GM? has investigated and confirmed that the measures are feasible and effective for the
site-specific conditions due to the mining of LW711.

6.4. Avoidance and mitigation measures

Based on its own assessments, and the assessments by the structural engineer, GM?® considered Method A
risk control measures, in accordance with the process described in Section 6.3.

Elimination

In this instance, no reasonably practicable controls could be identified that would eliminate the identified
risks.
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Substitution

In this instance, no reasonably practicable controls could be identified that will change the environment so
the hazards could be substituted for hazards with a lesser risk.

Isolation

In this instance, no reasonably practicable controls could be identified to isolate a hazard from any person
exposed to it.

Engineering controls

The hazard identification inspections by the structural engineer will identify elements that are in poor
existing condition or elements that could be susceptible to mine subsidence movements. The structural
engineer will recommend engineering controls and monitoring to minimise risk.

A summary of the inspections, engineering controls and monitoring that have been recommended by the
structure engineer, to date, are provided in Table A.02, in Appendix A. The engineering controls will be
implemented before the structure experiencing active subsidence from LW711, i.e. before the longwall face
approaches to within 150 m of travel of mining beneath the structure, or before the first 200 m of longwall
extraction.

The hazards identified from the inspections have been risk assessed and these are summarised in the
structural inspection reports. Preventive measures will be recommended or management strategies
implemented so that the risks are considered to be Moderate or lower. The assessed levels of risk for the
building structures including the implementation of the engineering controls are summarised in Table 5.3.

Additional engineering controls will be developed as further hazard identification inspections are completed
by the structural engineer. The properties that are pending or still require hazard identification inspections
before active subsidence are illustrated in Fig. 6.1. The hazard identification inspections will be undertaken
before the longwall face approaches to within 300 m of travel of mining beneath each property.

Administrative Controls

The following Administrative Controls were identified and selected that will put in place procedures on site to
minimise the potential of impacts on health and safety:

€ implementation of a Monitoring Plan and Trigger Action Response Plan (TARP). As described in
Table 6.2, the SRG has developed and implemented a management strategy of detecting early the
development of potential adverse subsidence movements, so that contingency response measures
can be implemented before impacts on the safety and serviceability develop. The TARP includes
the following:

o ground monitoring and visual inspections along the streets in the active subsidence zone;

0 visual inspections of the structures that are considered to be at higher risk in the active
subsidence zone, including those located on steep slopes, that are in poor existing condition,
that have had previous mining impacts and the pool gates;

0 additional surveys and inspections, if required, such as regular recording of widths of any new
cracks that might appear;

repair of impacts that create a serious public safety hazard,;

repair of impacts that impair any essential services;

repair of impacts that impair access and mobility to the property, even if further impacts are
anticipated; and

o0 inthe worst case, as a last resort, advise the landowner to restrict entry to part of the property
or emergency evacuate the premises.

With the implementation of the above management strategies, GM? will ensure that the health and safety of
people on the properties will not be put at risk due to differential mine subsidence movements due to the
mining of LW711.

6.5. Site-specific stru cture inspection plan

6.5.1. Identification of building structures

At the time of preparing Report Nos. MSEC1117 (MSEC, 2021) and MSEC1318 (MSEC, 2023), in support
of the Extraction Plan and Modification Applications, structures were identified from aerial photographs, with
structure types identified from kerbside visual observations. Further structures have been identified from the
latest aerial photograph and from kerbside visual observations as part of the preparation of this
Management Plan.
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Front of house visual observations will be carried out by a structural engineer for the properties located
directly above LW711, where they were visible from the street. The purpose of these visual observations is
to identify structures that are in poor existing condition or elements that could be sensitive to mine
subsidence movements, where access was not granted by the owner for the hazard identification
inspections.

6.5.2. Pre-mining geotechnical inspections of steep slopes

Geotechnical inspections have been and will be undertaken under the direction of a suitably qualified
geotechnical engineer (GHD or SLR). The purpose of these inspections is to identify the potential for slope
instability before, during and after mining. Additional background information on the steep slopes and
geotechnical inspections is provided in Section 5.3.1.

A summary of the pre-mining geotechnical inspections that are required to be carried out for the properties
located within the Study Area is provided in Table 6.1.

Table 6.1  Properties requiring pre-mining geotechnical inspections

Pre-mining geotechnical inspection Property reference

Pending — haz_ard rating and monitoring requirements F21, F22, F23, F25, 003, 004, 005, 006 and 008
already established

Pending — required to establish hazard rating and F20, K03, R01, R09, S01, S02, S03, S04, S05, S06, S07,
monitoring needs S08, S09, S10, S11, 007, 009, 015, 019 and 020

D04, D05, D07, D13, D14, F39, F45, L01, R02, SO7, S09,

Access not granted by property owner S10. S11 and S15

There are 29 properties pending pre-mining geotechnical inspections and 14 properties where access has
not been granted by the property owner. The pre-mining geotechnical inspections will be carried out before
each property experiences active subsidence from LW711.

6.5.3. Pre-mining hazard identification inspections

Hazard identification inspections will be carried out by a structural engineer for the residential structures that
are located within the predicted 20 mm subsidence contour due to the mining of LW711.

The hazard identification inspections that have been completed by the structural engineer, that are pending

(i.e. approved but awaiting access), where access is not granted and inspections that are still required to be
carried out are illustrated in Fig. 6.1.

I

Fig. 6.1 Pre-mining hazard identification inspections by structural engineer
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The hazard identification inspections have been completed for the properties that are located above and
adjacent to the existing longwalls and LW711 where access has been granted by the landowner.
Recommendations by the structural engineer are provided in Table A.02, in Appendix A. Front of house
inspections have been carried out for the properties where access has not granted.

The remaining hazard identification inspections for the properties located above and adjacent to LW711 will
be undertaken before the longwall face approaches to within 300 m of each property or before the first

200 m of longwall extraction. Front of house inspections will be carried out where access is not granted by
the landowner and where the structures are visible from the street.

6.5.4. Visual observations of structures during mining

Regular (i.e. weekly or as recommended by the SRG) visual observations will be conducted for the following
structures, when they are located within the active subsidence zone, where access is provided by the
landowner:

€ residential structures that are either: located on or above steep slopes, are in poor existing
condition (based on the hazard identification inspections by the structural engineer, refer to
Table A.02 in Appendix A for further details);

€ residential structures that have experienced impacts as a result of mining previous longwalls, or
where recommended by the SRG;

€ pool fences and gates; and
€ commercial and business establishments and public amenities.
The visual observations during active subsidence for the houses and public amenities are illustrated in

Fig. 6.2. The active subsidence zone is described in Section 1.8, with the regular visual observations of the
houses carried out from when they are 150 m in front of the longwall face to 450 m behind the longwall face.

The regular visual observations of the structures located near the longwall commencing end will start after
the first 200 m of longwall extraction. The commercial structures and public amenities are located beyond
the longwall finishing end and regular visual observations will be carried out for the last 300 m of extraction.

Fig. 6.2 Inspections during active subsidence

The residents will visually monitor their structures, pool gates and driveways where GM? has not been
provided access by the landowner. Refer to Section 6.5.5.

6.5.5. Visual observations by the residents

Some residents have not provided GM? with access to inspect their properties. These residents will visually
monitor their structures, pool gates and driveways and will notify GM? if adverse impacts are observed. GM®
will then inspect the properties, upon request by the landowners, and rectify adverse impacts that could
result in adverse impacts to public safety.
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6.6. Ground and structure monitoring

6.6.1. Ground surveys along the streets

Ground monitoring lines have been installed along the public roads. The locations of the monitoring lines
and monitoring points are shown in Drawing No. MSEC1476-01.

The monitoring lines within the Study Area for LW711 include:

€ Western part — Donalds Range Road, Fairlea Road, Top Ridge Road, Stonebrook Meadow Road
and Gibraltar Drive;

€ Central part — Carrolls Road, Hawkey Road, Burrells Road, Cummins Road and Quirkes Lane; and
€ Eastern part — Menangle Road and Finns Road.

Other monitoring lines have also been installed within the Study Area including the Steep Slopes SSA to
SSE) monitoring lines, Indara Razorback Complex monitoring line and points, ARTC monitoring line and
points and M31 Hume Motorway monitoring lines and points. Far-field 3D marks have also been installed
above and outside the mining area.

The monitoring lines and points have been initially surveyed to provide a baseline reference for LW711. The
monitoring frequencies for the ground monitoring lines during the mining of LW711 are described in

Table 6.2. The monitoring frequencies will be increased based on the triggers outlined in and below

Table 6.3 or by the recommendations of the SRG.

6.6.2.  Specific structure surveys

GM?® will undertake building surveys where recommended by the geotechnical engineer or structural
engineer.

Ground surveys around structures are used as a baseline monitoring tool. Surveys are undertaken following
completion of each longwall unless adverse impacts or high tilts are observed. GM? will place permanent
ground survey marks around each subject building. GM?® will endeavour to place the marks at each external
and internal corner of the building, and one mark at the centre of each external side of reasonable length
(this will depend on the overall size of the building but is approximately 10 m).

GM?® will record the reduced levels of each survey mark, as well as the horizontal distance between each
mark around the perimeter of the building. The survey information will provide subsidence, tilt, curvature and
strain information on the ground around the building. This general surveying scheme is illustrated in Fig. 6.3.
It is recognised that in some cases, it will not be possible to gain access and suitable lines of sight to the
entire perimeter of the building, and in some cases, the number of survey pegs may be reduced. However,
as a minimum, survey marks will be placed at every corner of the building.

+ +

A articulation joint

T proposed survey peg for
monitoring ground movement
for houses assessed as
High Risk or greater

proposed relative levelling point for
monitoring building movement

for houses assessed as

+ Moderate Risk or greater +

AJ AJ e+

AJ

AJ

Fig. 6.3 Schematic layout for ground movement and building level surveys around
a typical building
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6.6.3. Global Navigation Satellite System (GNSS)

GNSS units have been installed and further units will be installed above and outside the mining area. The
locations of the GNSS units are shown in Drawing No. MSEC1476-01.
The existing GNSS units that will operate during the mining of LW711 include:
€ GNSS units (24 total) at the top and on the side of Razorback Range:
SSGNSSO01 and SSGNSS04 on or adjacent to Property Ref. O018;
SSGNSS02 and SSGNSSO05 on or adjacent to Property Ref. O017;
SSGNSS03 and SSGNSSO06 on or adjacent to Property Ref. 002;
SSGNSS07 and SSGNSSO08 on the side of Razorback Range;
SSGNSS13 and SSGNSS14 — on or adjacent to Property Ref. O04;
SSGNSS15 — on or adjacent to Property Ref. O05;
SSGNSS16 and SSGNSS17 — on or adjacent to Property Ref. Ref. O06;
SSGNSS18 and SSGNSS19 — on or adjacent to Property Ref. O08;
SSGNSS20 and SSGNSS21 — on or adjacent to Property Ref. O03;
SSGNSS22 to SSGNSS28 — on or adjacent to Property Ref. F20; and
€ GNSS units (4 total) on or near the Indara Razorback Compound:
0 SSGNSSO09 at the top of Razorback Range near the Indara Razorback Compound;
0 SSGNSS10to SSGNSS12 on the steep slopes located south of the Indara Razorback
Compound and above LW905; and
€ GNSS units (5 total) above or adjacent to the western end of LW710B:

0 GNSS_BB-North and GNSS_BB-South on Property Ref. KO4 on the western side of
Burrells Road Bridge across Navigation Creek; and

0 GNSS_30HR-North, GNSS_30HR-Mid and GNSS_30HR-South on Property Ref. F23
above the western end of LW710B.

O O OO0 OO0 o o o

Additional GNSS units will be installed for LW711, subject to the approval of the landowners, as
recommended by GHD (2025) on Property Refs. 007, 019, 020, R01, R09, S04, S08, S10 and S11.

The GNSS unit installations generally include a solar panel, rechargeable battery, data logger and telemetry
hardware. A photograph of a typical GNSS installation is provided in Fig. 6.4.

Source: Michael Nicholson Consulting
Fig. 6.4 Nominal GNSS unit installation set-up
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The GNSS units measure the absolute vertical and horizontal movements in real time before the
commencement and during the mining of LW711. The nominal accuracy is 10 mm for absolute position
and +10 mm for absolute level. The movements will be recorded at regular intervals (nominally 10 seconds)
and will be recorded in a database that can be accessed using an online website.

The four-hour running averages for the GNSS units will be used as a trigger for the commencement of
ground surveys and as a monitoring review point for the SRG to assess the effectiveness of the monitoring
and management strategies. Further details on the monitoring and triggers are provided in Table 6.2 and in
and below Table 6.3.

6.6.4. Visual observations

A structural engineer will carry out visual observations of the properties that are located within the active
subsidence zone, subject to the approval of the property owners. The properties that will be inspected
during active subsidence are illustrated in Section 6.5.4 and include residential structures that are located
on or above steep slopes, are in poor existing condition, have experienced from previous longwalls and
where recommended by the SRG.

A suitably qualified and experienced geotechnical engineer / engineering geologist will carry out visual
observations of the properties located on or near steep slopes within the active subsidence zone, subject to
the approval of the property owners. GHD (2025) has recommended visual and/or remote monitoring during
active subsidence, subject to the completion of the pre-mining inspections, of the properties listed in
Section 6.5.2.

The frequencies of the structural and geotechnical observations during the mining of LW711 are included in
Table 6.2 and Table 6.3.

6.6.5. Rainfall

Rainfall is monitored locally at the GM?® Ventilation Shaft 7 and 8 Site. The data is recorded by the real time
monitoring system and it will issue notifications to the SRG when rainfall exceeds the relevant TARP
triggers outlined in Table 6.3.

The rainfall data is local and available in real time. Actual rainfall data and forecast rainfall are reviewed in
the SRG and reported. Rainfall forecasts increase the level of awareness of significant rainfall events and
assist in planning additional visual observations.

6.7. Schedule of visual observations and surveys

A schedule of visual observations and surveys is maintained by GM2.

6.8. Visual observations and survey register

A register will be kept by GM3, recording when visual observations and surveys are conducted. GM?2 can, at
any time, provide a copy of the register to Mine Safety Operations (MSO).

6.9.  Triggers and responses

Trigger levels have been developed by GM? based on observed ground movements or impacts. Trigger
levels for each monitoring parameter are described in the risk control procedures in Table 6.2. Structural
visual observations will be undertaken for any structure where ground tilt is observed to exceed 7 mm/m or
curvature is observed to exceed 0.2 km™,

GM?® will coordinate and ensure that building contractors are on standby for immediate call out and service
in the event of impacts occurring. Temporary alternative accommodation will also be arranged by GM® in the
unlikely event that a residence becomes unsafe as a result of mine subsidence impacts.

Immediate responses will be undertaken by GM? for the following impacts:

€ impacts that create a serious public safety hazard,;

€ impacts to all entry and exit doors, and all other doors that must remain operational for security and
fire egress reasons, even if further impacts are anticipated;

€ impacts that impair any essential services;
impacts to sensitive equipment, even if further impacts are anticipated; and

€ inthe worst case, restriction on entry to part of the property and the provision of alternative
accommodation for the resident.

ah
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The risk control measures described in this Management Plan have been developed to ensure that the
health and safety of people who may be present at the property are not put at risk due to mine subsidence.
It is also an objective to avoid disruption and inconvenience to owner, or if unavoidable, keep disruption and
inconvenience to minimal levels.

No potential hazards have been identified that could reasonably give rise to the need for an emergency
response for the building structures located within the Study Area for LW711. It is possible that irregular
ground movements could cause a severe impact on a building structure; however, this will develop
gradually allowing the risk to be managed.

The mine subsidence movements will develop gradually and there will be ample time to identify the
development of potentially adverse differential subsidence movements early, consider whether any
additional management measures are required, and repair or adjust affected surface features, in close
consultation with the landowner.

GM? and the SRG will review and assess monitoring reports and consider whether any additional
management measures are required on a regular basis. If irregular movements or adverse impacts are
detected, it is anticipated that a focussed visual observations will be undertaken for the affected property,
and a decision will likely be made to increase the frequency of surveys and/or visual observations.
Additional management measures may also be implemented. It is therefore expected that, as a potential
adverse situation escalates, GM? will be present on site on a more frequent basis to survey or inspect the
property, and that the landowner will be consulted on a more frequent basis.

Given the gradual development of subsidence movements, it is extremely unlikely that a situation will arise
where observations change from a benign scenario to an emergency scenario within one week.
Notwithstanding this, GM?® will brief the landowners on what signs to look for to detect the development of
potential impacts.

Notwithstanding the above, if a hazard has been identified that involves potential serious injury or illness to
a person or persons at the property, and it cannot be controlled, the immediate response is to remove
people from the hazard. If such a situation is observed or is forecast to occur by either GM® or by people at
the property, GM?® and the landowner will immediately meet and implement emergency procedures.

The implementation of emergency procedures may include any or a combination of the following:

€ restriction of access to the hazardous area; and/or

€ in the worst case, the relocation of the residents to alternative accommodation until the hazard is
rectified.

6.10. Risk control procedures for LW711

The risk control procedures for the management of potential impacts to residential, public amenities and
commercial or business establishments are provided in Table 6.2.
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Table 6.2  Risk control procedures fo r residential structures for LW711

Infrastructure

Hazard or impact Risk

Trigger

Control procedure/s

Timing and frequency

By whom?

Steep Residential
structures that will
experience mine
subsidence effects
due to the mining
of LW711

Impacts occur

Before active
subsidence due
to LW711

Contact residents to inform them of the commencement of mine subsidence. Request owners for information
on any potential issues with existing structures

Before active subsidence

GM?

Conduct pre-mining geotechnical assessment of steep slopes in the vicinity of structures to confirm whether
there is any potential for slope instability before, during or after mining

Before active subsidence

GM? (GHD and SLR)

Conduct pre-mining hazard identification inspection and assessment of:

€  residential structures that are located within the predicted 20 mm subsidence contour due to the
mining of LW711

€  public amenities, commercial and business structures that are located within the predicted 20 mm
subsidence contour due to the mining of LW711

Before longwall face approaching within 300 m of each
property (or before the first 200 m of extraction for
properties near the longwall commencing end)

GM: (Inglis Engineering)

Installation of additional monitoring measures or mitigation/strengthening measures as recommended by the

Before longwall face approaching within 100 m of each

Low to Moderate

recommended otherwise by the SRG

A property (or before the first 200 m of extraction for GMm3
structural engineer or SRG h .
properties near the longwall commencing end)
Install ground monitoring lines (Donalds Range Road, Fairlea Road, Top Ridge Road, Stonebrook Meadow
Road, Gibraltar Drive, Carrolls Road, Hawkey Road, Burrells Road, Cummins Road, Quirkes Lane, Menangle Before active subsidence oM?
Road and Finns Road) and far-field 3D marks and survey the initial levels and strain distances (as shown in
Drawing No. MSEC1476-01)
Install additional GNSS units recommended by GHD (2025) subject to the approval of the landowners Before mining within 200 m of each property GMm?
Conduct pre-mining structural hazard identification inspection and assessment and consider:
€  mitigation / strengthening measures to improve the existing structural condition L .
] o Within two weeks of discovery GM? and SRG
Discovery of potential € management measures that should be undertaken before or during mining
structural issues before €  monitoring and inspection measures, triggers and responses during mining
mining of LW711
Advise property owner, SA NSW and MSO of findings of structural engineer Within two weeks of inspection GMm?
Undertake mitigation / strengthening measures if decided by the SRG Before the structure experiencing active subsidence GMm?
Continuous monitoring (four-hour running average)
during the mining, unless recommended otherwise by
the SRG. The GNSS units at the top of Razorback
Range (SSGNSSO01 to SSGNSS06, SSGNSS13 to
SSGNSS28 and additional units recommended by
Monitoring of the GNSS units GHI_D' (2Q25) will be alarmed and the SRG will be GM?
notified if the measured movements exceed the
triggers outlined in Table 6.3. The GNSS units will
remain alarmed while the units are experiencing active
subsidence and then the SRG will review the ongoing
requirements. The remaining units will be continuously
monitored but not alarmed.
Weekly 2D and monthly 3D surveys when monitoring
Survey the ground monitoring lines (public roads) line is within the active subsidence zone, unless GM?
recommended otherwise by the SRG
During the mining Indara Razorback Compound monitoring line Start and engtﬁl;Ir_v\\i\ils7e1tl)gllirr]lleezergcommended GM?
of LW711
Steep slopes monitoring lines (SSA to SSE Lines) As recommended otherwise by the SRG GMm?®
Far-field 3D survey marks Monthly surveys during the mining of LW711, unless oM?

Visual observations of houses and associated structures, subject to the approval of the property owners

Regular (i.e. weekly or as agreed by the SRG) visual
observations of structures within the active subsidence
zone, subject to the approval of the landowners,
unless recommended otherwise by the SRG

GM: (Inglis Engineering
and GHD)

Visual observations of the steep slopes associated with Razorback Range. Geotechnical visual observations in
accordance with the GHD Visual Observation Protocol

Monthly visual observations by a geotechnical
engineer, when the active face is between 200 m
before and 1000 m beyond each property, unless

recommended otherwise by the SRG

GM? (GHD)

Review and assess the ground monitoring data and provide a subsidence monitoring report when monitoring
lines are located within the active subsidence zone

Monthly after 200 m of mining of LW711 when
monitoring lines are within the active subsidence zone,
unless recommended otherwise by the SRG

GM? (MSEC)
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Infrastructure Hazard or impact Risk Trigger Control procedure/s Timing and frequency By whom?
Confirm arrangements for building contractors to remain on standby for immediate call out and service in the N . . 3
: . : > Before the structure experiencing active subsidence GM
event of impacts affecting safety or serviceability
Conduct visual observations during mining for following structures:
a) Commercial and business establishments Regular visual observations during active subsidence,
b) Structures that have previously experienced mine subsidence impacts, where recommended by the SRG frequency as recommended by the geotechnical GM?
¢) Pool gates engineer, structural engineer and/or SRG, subject to
d) Any other structures recommended for regular visual observations and/or structure surveys by geotechnical the approval of access from the property owner
engineer or structural engineer due to their proximity to steep slopes or pre-existing condition
GNSS units at the top Measured movements greater than triggers Refer to Table 6.3 GM? and SRG
of Razorback Range
GNSS units east of Measured movements greater than triggers Refer to Table 6.3 GM? and SRG
Razorback Range
Far-field 3D at top of . 3
Razorback Range Measured movements greater than triggers Refer to Table 6.3 GM?® and SRG
Rainfall Measured rainfall greater than triggers Refer to Table 6.3 GM? and SRG
Measured tilts are Conduct visual observations of building and provide photographic survey and impact report Within two weeks of the monitoring review GMm?

greater than 7 mm/m
or measured
curvatures are greater
than 0.2 km™ near the

Consider structural visual observations/additional monitoring and/or mitigation/strengthening measures

As soon as reasonably practicable after the site visit

GM? (Inglis Engineering)

structure
Substantial Consider whether any additional management measures are required in light of the observations, including
non-conventional additional geotechnical or structural visual observations, increase frequency of surveys and visual As required by the SRG GM? and SRG
movement occurs; observations, additional community consultation
or impacts observed to
surface infrastructure
(not just structures); Notify landowner, SA NSW and MSO Within one week GM3
or slope slippage
observed
As information can come from many possible sources: - 3
If not already done, notify landowner, GM® and SA NSW As soon as reasonably practicable GM
Inspect impact of subsidence on building As soon as reasonably practicable GMm3
Inspect condition of building, where recommended by the SRG based on feedback from SA NSW or GM? As reco_mmended by the SRG W'th'.n the active GM?
. subsidence zone or as agreed with owner
Any impact occurs to
the structure Rectify any adverse impacts that impair upon the:
€  safety, access and mobility, security or fire egress; .
. ] As soon as reasonably practicable GMm?®
€  any essential services; or
Residential €  sensitive equipment used for commercial and business establishments.
structu_res that_wnl Repair damage to structure When subsidence impacts cease GMm®
experience mine
) Impacts occur Low to Moderate .
subsidence effects Observed impacts are Investigate cause(s) for greater impacts, including possibility of non-conventional or anomalous movements
due to the minin i ] r » Inc S i - , o . 3
d greater‘than predicted type of structure. Investigate spatial trends in data to identify any pattern. Within two weeks of observation GM® (MSEC)
of LW711 impacts
Notify landowner, GM3, SA NSW and MSO As soon as reasonably practicable GMm?®
) ) Ongoing visual observations by structural engineer As recommended by the SRG GMm?
Observed impact is - -
AS2870 Category 3 Re-assess final level of damage based upon likelihood of further damage and structural condition As soon as reasonably practicable after structural site GM? and SRG
or greater visit, as recommended by the SRG
. . o S . As soon as reasonably practicable after structural site 3
Consider additional monitoring and/or mitigation/strengthening measures visit, as recommended by the SRG GM?® and SRG
A hazard has been
identified that involves ~ Coordinate with SA NSW and provide temporary accommodation for the residents As soon as reasonably practicable GMm?
potential serious injury
or iliness to a person
or persons at the
property, and cannot Restrict access to the property until the hazard has been rectified As soon as reasonably practicable GM?
be controlled
Property owner does Temporarily relocate residents until building is repaired As soon as reasonably practicable GMm?

not accept acquisition
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Infrastructure Hazard or impact Risk Trigger Control procedure/s Timing and frequency By whom?
Before mining Contact residents to inform them of commencement of mine subsidence Before active subsidence GMm?
Owner notifies of new  conduct hazard identification survey of structures (where access is provided) and PMI (if requested by owner) Before active subsidence GMm3
house Conduct impact assessment and risk analysis, if requested Before active subsidence GM? (MSEC)
Houses Impacts to future Low to Moderate
houses New house has Conduct subsidence predictions and impact assessment Before active subsidence GM?3 (MSEC)
maximum plan
dimension greater
than 30 m and/or Follow risk control procedures, as for other houses As soon as reasonably practicable GMm3
double storey
Damage to pool Low None Notify owner of potential impacts to pool Before active subsidence GMm?
Notify owner of potential impact to pool gate and fence Before active subsidence GMm?
N Regular (i.e. weekly or as agreed by the SRG) visual
Swimming pools Pool qate None observations when each pool is within active
and pool gates 9 Moderate Visually inspect pool gate to check that it is operating properly subsidence zone and at the completion of LW711, GM3
won't close -
subject to the approval of access from the property
owner
Pool gate will not close  Repair gate As soon as reasonably practicable GMm?®
Loss of water
storage due to Loss of water supply _
Farm dams Low due to leakage of dam  Supply water to landowner As required GMm?
leakage of dam wall or floor

wall or floor
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Table 6.3

Trigger Action Response Plan for private properties at top of Razorback Range

Monitoring method

Frequency (minimum frequency unless
increased by SRG based on a trigger, refer
to Table 6.2 for monitoring period)

Measurement

Status

Level 1

Level 2

Level 3

GNSS on private properties at top of
Razorback Range (SSGNSSO01 to
SSGNSS06, SSGNSS13 to SSGNSS28 and
additional GNSS units as recommended by
GHD (2025) subject to the approval of the
landowners)

GNSS units are alarmed (SMS and e-mail
sent to the SRG)

Continuous

Absolute vertical movement

Less than 50 mm

Greater than 50 mm and for every additional
50 mm of movement thereafter

Absolute horizontal movement

Less than 150 mm

Greater than 150 mm and for every additional
150 mm of movement thereafter

Change in absolute movement (vertical or
horizontal) within 72 hours

Less than 20 mm

20 mm to 50 mm

Greater than 50 mm

Differential horizontal movement between
GNSS units on each private property

Less than 50 mm

50 mm to 100 mm

Greater than 100 mm

Far-field 3D marks at the top of
Razorback Range

Monthly during active subsidence

Differential horizontal movement between
adjacent survey marks

Less than 50 mm

50 mm to 100 mm

Greater than 100 mm

Survey marks on private properties

Start and end of longwall

Strain (tensile or compressive)

Less than 2 mm/m

2 mm/m to 4 mm/m

Greater than 4 mm/m

Structural or geotechnical visual observation
of private properties and geotechnical visual
observations of steep slopes

Start and end of longwall

Hazard identification

No mining-related impacts or hazards
identified

Minor mining-related impacts identified not
considered to affect public safety

Mining-related impacts that could potentially
affect public safety

Rainfall (Ventilation Shaft 7 and 8)

Continuous

Cumulative rainfall

Less than 20 mm within 24 hours (first 1000 m
of extraction of LW711)

Less than 50 mm within 24 hours (after
1000 m of extraction of LW711)

20 mm to 100 mm within 24 hours (first
1000 m of extraction of LW711)

50 mm to 100 mm within 24 hours (after
1000 m of extraction of LW711)

Greater than 100 mm within 24 hours

The following actions will be carried out based on the triggers outlined in the above table:

Level 1 status :

€ SRG to meet fortnightly and review the monitoring data and assess for ongoing trends;
€ if ongoing trends identified (and less than Level 2 trigger), the SRG to consider whether to:
0 increase frequency of ground surveys including the steep slopes monitoring lines and the far-field monitoring points;

0]
0

0 carry out any other additional management measures as required; and

€

Level 2 status :

if ongoing trends identified and predicted/expected to exceed Level 2 trigger within the next week, the SRG to carry out actions associated with Level 2 status.

€ SRG to review available data within 72 hours, assess for ongoing trends and consider whether a teleconference is required,;

€ GM? to carry out visual observations within 48 hours of an alarm at a property within the active subsidence zone at:

(0]

0 SSGNSS22 to SSGNSS28 — site visit of the steep slopes on Property Ref. F20 (135 Quirkes Lane);
o Rainfall — site visit at the base of the steep slopes of the nearest accessible properties;

€ if the visual observations identify potential mining-related impacts to steep slopes then:
0 geotechnical and/or structural engineers to inspect the affected steep slopes and/or private properties within a further 48 hours;

o if the visual observations identify a potential hazard to public safety, SRG to meet within 24 hours and carry out actions associated with Level 3 status;

increase frequency of visual observations by structural engineer and surveys of the monitoring points on the private properties at the top of Razorback Range;

increase frequency of geotechnical visual observations of the private properties at the top of Razorback Range and of the steep slopes along the range;
0 increase frequency of monitoring data reviews and SRG meetings;

€ SRG to review outcomes of the visual observations and monitoring data, assess for ongoing trends and consider whether a teleconference or other means of meeting is required,;
€ if ongoing trends identified (and less than Level 3 trigger), then within a further 48 hours or as recommended by the SRG:

0 carry out an additional survey of steep slopes monitoring lines and far-field monitoring points at the top of Razorback Range;

carry out an additional geotechnical visual observations of the base of the steep slopes;

o O O

€
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carry out an additional geotechnical and structure visual observations of the private properties (subject to the approval of the landowners);
SRG to consider whether any other additional surveys to be conducted;

SRG to review the additional surveys and visual observations and assess for ongoing trends;
0 SRG to review the frequency of meetings and data reviews; and

if ongoing trends identified and predicted/expected to exceed Level 3 trigger within the next week, the SRG to carry out actions associated with Level 3 status.

SSGNSS13 to SSGNSS21 and additional GNSS recommended by GHD (2025) — site visit along Top Ridge Road, Gibraltar Drive and the private properties closest to the triggered unit, where access is provided by the landowner;



Level 3 status :
€ SRG to review available data within 24 hours, assess for ongoing trends and consider whether a teleconference or other means of meeting is required,;
€ geotechnical and/or structural engineer to inspect the potentially affected steep slopes and/or private properties within 48 hours of an alarm at a property within the active subsidence zone at:
0 SSGNSS13to SSGNSS21 and additional GNSS recommended by GHD (2025) — site visit along Top Ridge Road, Gibraltar Drive and the private properties closest to the triggered unit, where access is provided by the landowner;
0 SSGNSS22 to SSGNSS28 — site visit of the steep slopes on Property Ref. F20 (135 Quirkes Lane);
o0 Rainfall — site visit at the base of the steep slopes of the nearest accessible properties;
€ if the structural or geotechnical engineer identified a hazard that could affect public safety then:
o GM3to notify landowner, SRG and Resource Regulator within 24 hours.
o GM3to carry out recommendations from the geotechnical and structural engineers within 24 hours;
o GM3to consider relocating the residents, if recommended by the geotechnical or structural engineers, or if the hazard cannot be managed,
€ SRG to review outcomes of the visual observations and monitoring data, assess for ongoing trends and consider whether a teleconference is required,;
€ increase the frequency of ground monitoring and visual observations to twice-weekly or as recommended by the SRG for:
0 geotechnical visual observations of the base of the steep slopes;
0 geotechnical and structural visual observations of the private properties (subject to the approval of the landowners);
0 steep slopes monitoring lines and far-field monitoring points at the top of Razorback Range;
€ SRG to consider increasing the frequency of other monitoring including:
0 survey marks around the private properties;
0 any other additional surveys and visual observations recommended by the SRG; and
€ SRG to meet twice-weekly, or as determined by SRG, and routinely review the continuous GNSS monitoring data, additional surveys and visual observations until the SRG agree that there is no ongoing hazards or trends.
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GHD

G E N E RAL N OT ES Specialist Services in Geotechnical Engineering,

Geology, Field/Laboratory Testing and Hydrogeology
www.ghd.com/Geotechnical

The report contains the results of a geotechnical investigation or study conducted for a specific purpose and client. The
results may not be used or relied on by other parties, or used for other purposes, as they may contain neither adequate
nor appropriate information. In particular, the investigation does not cover contamination issues unless specifically
required to do so by the client.

To the maximum extent permitted by law, all implied warranties and conditions in relation to the services provided by
GHD and the report are excluded unless they are expressly stated to apply in the report.

TEST HOLE LOGGING

The information on the test hole logs (boreholes, test pits, exposures etc.) is based on a visual and tactile assessment,
except at the discrete locations where test information is available (field and/or laboratory results). The test hole logs
include both factual data and inferred information. Moreover, the location of test holes should be considered
approximate, unless noted otherwise (refer report). Reference should also be made to the relevant standard sheets for
the explanation of logging procedures (Soil and Rock Descriptions, Core Log Sheet Notes etc.).

GROUNDWATER

Unless otherwise indicated, the water depths presented on the test hole logs are the depths of free water or seepage in
the test hole recorded at the given time of measuring. The actual groundwater depth may differ from this recorded depth
depending on material permeabilities (i.e. depending on response time of the measuring instrument). Further, variations
of this depth could occur with time due to such effects as seasonal, environmental and tidal fluctuations or construction
activities such as a change is ground surface level. Confirmation of groundwater levels, phreatic surfaces or piezometric
pressures can only be made by appropriate surveys, instrumentation techniques and monitoring programmes.

INTERPRETATION OF RESULTS

The discussion or recommendations contained within this report normally are based on a site evaluation from discrete
test hole data, often with only approximate locations (e.g. GPS). Generalised, idealised or inferred subsurface conditions
(including any geotechnical cross-sections) have been assumed or prepared by interpolation and/or extrapolation of
these data. As such these conditions are an interpretation and must be considered as a guide only.

CHANGE IN CONDITIONS

Local variations or anomalies in ground conditions do occur in the natural environment, particularly between discrete
test hole locations or available observation sites. Additionally, certain design or construction procedures may have been
assumed in assessing the soil-structure interaction behaviour of the site. Furthermore, conditions may change at the
site from those encountered at the time of the geotechnical investigation through construction activities and constantly
changing natural processes.

Any change in design, in construction methods, or in ground conditions as noted during construction, from those
assumed or reported should be referred to GHD for appropriate assessment and comment.

GEOTECHNICAL VERIFICATION

Verification of the geotechnical assumptions and/or model is an integral part of the design process - investigation,
construction verification, and performance monitoring. Variability is a feature of the natural environment and, in many
instances, verification of soil or rock quality, or foundation levels, is required. There may be a requirement to extend
foundation depths, to modify a foundation system and/or to conduct monitoring as a result of this natural variability.
Allowance for verification by appropriate geotechnical personnel must be recognised and programmed for construction.

FOUNDATIONS

Where referred to in the report, the soil or rock quality, or the recommended depth of any foundation (piles, caissons,
footings etc.) is an engineering estimate. The estimate is influenced, and perhaps limited, by the fieldwork method and
testing carried out in connection with the site investigation, and other pertinent information as has been made available.
The material quality and/or foundation depth remains, however, an estimate and therefore liable to variation. Foundation
drawings, designs and specifications should provide for variations in the final depth, depending upon the ground
conditions at each point of support, and allow for geotechnical verification.

REPRODUCTION OF REPORTS

Where it is desired to reproduce the information contained in our geotechnical report, or other technical information, for
the inclusion in contract documents or engineering specification of the subject development, such reproductions must
include at least all of the relevant test hole and test data, together with the appropriate Standard Description sheets and
remarks made in the written report of a factual or descriptive nature.

Reports are the subject of copyright and shall not be reproduced either totally or in part without the prior written consent
of GHD. GHD expressly disclaims responsibility to any person other than the client arising from or in connection with
this report.
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