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1 INTRODUCTION

1.1 INTRODUCTION AND GENERAL DISCUSSION

The following Subsidence Impact Assessment has been prepared by BG&E Pty Ltd (BG&G) for the proposed
Gilead residential development, located south of Sydney between Campbelltown and Appin. The
assessment was commissioned by Will Laurantus, on behalf of Mr Matt Copper of GLN Planning Pty Ltd
(GLN).

In order to properly inform the current assessment, BG&E have undertaken review of previous impact
assessments for the site including the following reports provided to us my GLN and Lend Lease
Communities:

» MSEC Report “Proposed Residential Development at Mount Gilead — Potential Impacts of Mine
Subsidence due to the Future Extraction of Coal Resources at Mt Gilead”, Ref. MSEC633 (Rev A)
dated June 2014. ([1] - Refer Appendix A)

» Cardno Report “Subsidence Impact Assessment — Proposed Residential Development at Mount
Gilead”, Ref 80216021 (Rev A) dated June 2018 ([2] - refer Appendix B)

Based on our review of the available information and our own enquiries, this assessment has been
prepared to provide details of the potential impacts of mine subsidence to the proposed Gilead
development. In addition to the assessment of potential impacts of the predicted subsidence, BG&E have
provided preliminary advice in relation to recommended control measures to ensure the development
infrastructure remains safe, serviceable, and repairable.

It is important to note that as the future mine plans for the proposed development area are not yet clearly
defined, the advice contained herein is preliminary in nature only and may be subject to change. The
report however does clearly establish that, based on reasonable assumptions regarding potential future
mining, and on established methods for determining predicted ground surface movement as the result of
longwall mining activities, development of the site infrastructure to be safe, serviceable, and repairable is
achievable.

It is understood the proposed development comprises the construction of residential allotments over
several stages and precincts, internal roads and associated infrastructure including gravity stormwater /
sewer utilities (gravity infrastructure) supplemented by pressure pumping stations where required.

Recommendations presented in the following report are intended for use by SA NSW in the consideration
of future Development Application referrals for the Gilead Development. More detailed assessment may
be required by SA NSW prior to the issuance of approval to proceed with detailed design and construction
activities.

2 REVIEW OF BACKGROUND INFORMATION

2.1 SITE TOPOGRAPHY & GEOLOGICAL SETTING

The Mount Gilead development site is located to the south west of the suburbs of Rosemeadow and St
Helens Park, immediately to the west of Appin Road. Topographically the site is situated in gently
undulating terrain, on generally north west facing side slopes of a broad flat ridgeline. The ridgeline is
roughly south to north trending, coincident with adjacent Appin Road, with ridge side slopes falling to the
east towards the Georges River and west to the Nepean River.

Page | 3



The majority of the site surfaces face the west at approximate grades in the order of 5%, with some steeper
slopes descending from localised hill crests in the order of 10%-20%. SK-0003 — Appendix C shows existing
site contours within the development area.

The geological setting of the area and specific geological conditions have been documented in the previous
MSEC assessment [1] and are summarised below.

» The site is situated in the Southern Coalfield, in the southern part of the Sydney Basin of which
contains the lllawarra Coal Measures.

» The lllawarra Coal Measures contain four workable seams, with the Bulli Seam the uppermost.

» Overburden units comprise the Narrabeen Group (lowest division) being up to 310 m in thickness,
overlain by the Hawkesbury Sandstone of up to 185 m thickness.

» Overburden materials are of sedimentary origin, comprising sandstone, shale and claystone rock
types with sandstone being the predominant rock type.

» The uppermost Bulli Seam is at a depth of approximately 500-590 m below ground surface, and
varies in thickness from 2.5-3.5 m.

» Multiple south east to north west and east to west trending faults of varying length intersect the
site (fault swarm), which are identified on SK-0006 (Appendix C). It is however noted that only 3 E-
W trending faults are identified in the Gilead development footprint.

It is important to note that the information relied upon for the assessment does not cover the entirety of
the proposed Gilead development area. Notwithstanding this, in BG&E’s opinion, extrapolation of the
available information in relation to surface gradient, seam depth and thickness, overburden composition as
well as fault orientation and extents is sufficiently accurate for the purpose of this assessment. Additional
information may be required to undertake a detailed assessment of predicted mine subsidence induced
surface deflections during detailed design and documentation.

2.2 MSEC ASSESSMENT (JUNE 2014)

The previous MSEC assessment conducted in 2014 [1] provided predicted subsidence parameters and
typical subsidence profiles based on future longwall mining of the Bulli Seam.

Detailed mine layout plans were not available at the time of previous assessments undertaken by MSEC
and CARDNO and are not currently available, and as such assumed longwall and chain pillar dimensions
were adopted by MSEC in their assessment of potential mines subsidence induced ground surface
movements (total subsidence, surface tilt, surface strain).

Maximum subsidence parameters were calculated and presented in the assessment [1], along with typical
incremental, cumulative and final subsidence profiles.

The previously recommended design parameters for design of buildings and infrastructure within the
general vicinity of the Gilead development site were:

Maximum Vertical Subsidence 1400 mm
Tilt 7.0 mm/m

Tensile Strain +1 mm/m

Compressive Strain -2.5 mm/m

Hogging Curvature 13.6 km radius
Sagging Curvature 6.4 km radius

VVVYVYVVYYVY
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2.3 CARDNO ASSESSMENT (JUNE 2018)

In their assessment, CARDNO noted that the subsidence parameters recommended in the previous
assessment by MSEC [1] were worst case ‘instantaneous’ surface deflection parameters. The vertical
subsidence of 1400 mm is shown in the subsidence profile (adapted in SK-0001 - Appendix C) over a
predicted line distance of 4 km, with no comment made on shorter prediction lengths that could apply to
shorter lengths of linear infrastructure.

Similarly, the tilt of 7.0 mm/m is considered to represent the worst possible instantaneous tilt, at the point
of inflection between the hogging and sagging subsidence curves.

CARDNO concluded that the adoption of these MSEC parameters (refer 2.2 above) for design of linear
gravity infrastructure is considered to be overly conservative, and proceeded to calculate revised
subsidence parameters based on significantly shorter lengths than the 4km long prediction adopted in the
MSEC.

Based on BG&E’s review of the CARDNO report and calculations, we confirm that the proposed
methodology for the calculation of revised subsidence parameters was consistent with our conclusions for
the Gilead site.

2.4 EXISTING AND PROPOSED MINING

Based on information available to BG&E at the time of this report, coal seams beneath the proposed
development site have not been worked in the past, nor is the site underlain by any registered mines.

BG&E understand that existing longwall mine workings are located to the south of the development site.
The workings are offset from the southern development boundary by approximately 1-1.5 km and are
oriented south east to north west.

While the geological faulting mentioned in Section 2.1 is restrictive to underground longwall mining, and
any areas within the proposed development significantly impacted by faults would be considered
economically or technically viable to mine, it is important to note that the proposed Gilead development
footprint is not substantially impacted by faulting and could potentially be mined in the future.

It is important to note that the site does contain a number of items of heritage significant (refer section 3.2
below) as well as numerous easements for both Gas and Electrical Transmission. The presence of these
features further increases the likelihood that future mining under the site would not be permitted.
Alternatively, in that event that mining was permitted, it is likely that strict controls would have to be put in
place by the miner to ensure that surface movements were substantially limited to ensure no damage to
these existing historic and infrastructure features.

3 PROPOSED DEVELOPEMENT

3.1 BACKGROUND AND GENERAL INFORMATION

Greater Macarthur has been identified as a GROWTH AREA by the NSW Government and will provide for
15,000 new homes to the broader south Campbelltown region. Lendlease’s landholding at Gilead has been
identified as a Priority Precinct and will make the first contribution to hosing supply in the region of
approximately 3,300 new homes, retail centre and education facilities. Importantly, it will secure key
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conservation outcomes including the establishment of linked koala and fauna corridors between the
Georges Rover and Nepean River.

To facilitate both the hosing and conservation outcomes for the site, a Planning Proposal is being prepared
to rezone under the State Environmental Planning Policy (Precincts — Western Parkland City) 2021.
The Planning Proposal will establish the Urban Development Zone for land capable of development
and introduce a C2 Environmental Conservation zone for land containing key fauna habitat to be re-
tained as well as land that native habitat bushland is to be reconstructed.

3.2 THESITE

The site consists of five properties including:

> Lot2/DP1218887

> Lot 2 /DP249393

> Lot1/DP603675

> Lot 2 /DP603674; and

» part of Lot 5/ DP1240836

The properties have a combined area of 495ha.

The site has been subjected to significant clearing and used for agricultural grazing. Intact stand of
vegetation are generally contained within the creek lines that traverse the Site including the Menangle
Creek, Nepean Creek and Woodhouse Creek and along the Nepean River. Outside of these areas,
vegetation consists of pastureland and scattered paddock trees.

Access to the Site is provided by a battle axe handle on the eastern site of Lot 2 in DP1218887 that
connects to Appin Road. Access to the Site is also provided via an easement over land to the east that will
be formalised through public roads being delivered by Lendlease as part of their Figtree Hill development.

Rural properties boarder the southern boundary of the Site including Beulah Reserve which contains what
is a State Heritage Item and is also a registered BioBank. The Nepean Rive form the western boundary of
the Site with Menangle Creek forming the majority of the northern boundary of the Site.

A minor portion of the site (Lot 2 in DP249393) has frontage to the Hume Highway and is accessed from
Medhurst Road. This piece of land will be used to provide a second access point to the site.

The Upper Canal is a State Heritage Item that traverses the Site from South to North and there are a series
of electrical transmission line and gas pipeline easements that traverse the central part of the Site from
North to South.

The site sits to the south and west of the Mt Gilead Homestead complex that is a State Heritage ltem and is
contained within Lot 1 in DP1218887.

4 REVISED SUBSIDENCE PARAMETERS

4.1 RECOMMENDED SUBSIDENCE PARAMETERS
BG&E have undertaken review of the previous MSEC Assessment [1] and CARDNO Assessment [2] and

undertaken independent calculations in relation to the applicability of the parameters for the proposed
Gilead development area.
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Based on our review and the independent calculations, BG&E recommend the adoption of the revised
parameters detailed below for consideration in the design and documentation of linear infrastructure the
Gilead footprint. These parameters are consistent with those proposed by CARDNO for Figtree Hill — Area B
development.

» Vertical Subsidence 1400 mm
> Tilt3.0mm/m

» Tensile Strain +0.5 mm/m

» Compressive Strain -1.5 mm/m

In BG&E's opinion, these parameters are applicable for the design and documentation of all proposed liner
infrastructure in the Gilead development area (which could potentially be mined) and are discussed further
in Sections 4.1-4.2 below.

The parameters from previous assessment [1] (refer Section 2.2) would still be applicable for residential
dwellings, other buildings and structures and all non-linear infrastructure proposed in the Gilead
development area that could be undermined in the future.

4.2 VERTICAL SUBSIDENCE

The predictive graphs presented in ‘Surface Subsidence Prediction in the Southern Coalfield’ by L. Holla [3]
(Holla method) have been utilised to calculate vertical subsidence. Utilising the previously adopted
dimensions and considering a range of seam thicknesses, vertical subsidence in the range of 1100 mm to
1500 mm has been calculated by BG&E.

Considering the limited impact of vertical subsidence on structures such as residential dwellings (in
comparison to tilts and strains), and the typical site grades of >5%, adoption of an upper bound vertical
subsidence of 1400 mm/m is considered reasonable for the development.

4.3 TILT

The subsidence profile provided in the previous assessments [1], [2] have been analysed to provide an
indication of tilt over a shorter length at the ground surface.

A review of the proposed sewer network shows that the layout consists of multiple pumping stations which
will drastically reduce the length of gravity runs. The pumping stations are provided to transfer effluent
from low points in each of the precincts to the next adjacent pumping station and then onto existing
Sydney Water trunk infrastructure (Refer Figure 1 - Sewer Pumping Station Concept).

Stormwater Infrastructure is focused on short runs utilising the natural grades of the site (Refer Figure 2 -
Stormwater Management Concept).

Based on this information, a nominal length of 100 m has been considered based on typical sewer
manholes and stormwater pit spacing’s.

By transposing the nominal 100 m length onto the subsidence profile at the point of inflection (where
maximum tilt occurs), a revised highest average tilt of 3 mm/m has been interpreted. The transposition is
presented in SK-0001 attached in Appendix C.

Adoption of the revised tilt parameters is considered appropriate based on typical maximum distances
between constraints along gravity infrastructure, with further discussion provided in Section 5 below.

With respect to non-liner infrastructure such as building structures and dwellings, given the general nature
of the subsidence predictions owing to the lack of a specific mine plan, BG&E recommend that the
subsidence parameter from [1] (refer Section 2.2) owing to the uncertainty of the exact location of “worst
case subsidence”. In BG&E opinion however, the parameters nominated in [1] are consistent with
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residential and similar structures being able to be designs and constructed as “safe, serviceable and

repairable”.
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Figure 1 - Sewer Pumping Station Concept

Figure 2 - Stormwater Management Concept
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5 SUBSIDENCE IMPACTS AND CONTROL MEASURES

Discussion of mine subsidence impacts to the proposed development are discussed below, with reference
to the revised calculated and recommended subsidence parameters presented herein.

5.1 VERTICAL SUBSIDENCE

As noted in Section 2.1, slopes at the site generally grade in the order of 5%, with some localised steeper
areas in the order of 10%-20% (refer SK-0003 attached in Appendix C).

In the event that the maximum subsidence of 1400 mm developed anywhere on the site (refer Figure 2 -
Stormwater Management Concept), the natural grades are such that the overall site surfaces would still fall
generally to the West and North West. Depressions and low points resulting in ponding of surface water
would therefore not develop. The site grades would also eliminate impacts from vertical subsidence on
suitable operation of gravity reliant infrastructure, as minimum grades could still be maintained.

Control measures are therefore not considered to be required from a vertical subsidence impact
perspective.

5.2 TILTS & STRAINS
As noted, tilts, curvatures and strains are the primary cause of damage to buildings and infrastructure, and
as such the revised parameters have been considered in detail.

The revised tilt value of 3.0 mm/m for a shorter length of 100 m has been utilised, along with the previously
recommended maximum instantaneous tilt of 7.0 mm/m.

Tilt resulting from mine subsidence could impact the longitudinal grade of gravity infrastructure, however
the effects would only be minor (i.e. 0.3% or 300mm over a 100 m length).

To accommodate potential impacts to longitudinal grade in the event of subsidence, BG&E propose to
design all gravity infrastructure with additional cover depth so that short lengths could be adjusted whilst
maintaining the infrastructure minimum cover requirements.

The additional cover depth required has been calculated as follows:

Maximum Possible Mine - Average Mine Subsidence x Length Required for = Additional
Subsidence Induced Induced Surface Grade Grade Adjustment Cover Depth
Surface Grade Required

7 mm/m - 3mm/m X 20m = 80mm

Noting that no mining has been undertaken to date, in the event that mining was to occur then the
calculation shows an additional cover depth of 80 mm would be required, and a slight increase to a nominal
100 mm additional cover is recommended to provide a factor of safety and ease of construction. The
additional cover is not considered an unreasonable construction cost and would ensure appropriate repair
could be undertaken in the event of subsidence. This result is consistent with the findings in the CARDNO
report [2].
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Likely damage from tilts and strains would be localised to small areas of the site on edges of the subsidence
trough where the worst-case ground tilt and strain parameters apply. Repair could be conducted through
lifting and relaying short sections of gravity infrastructure and possibly adjustment / reconstruction of
localised pits to re-establish the minimum pipe grades.

The previously calculated tilt of 7.0 mm/m would be applicable for design of structures within Gilead that
could potentially be undermined.

5.3 EXISTING NEARBY & POTENTIAL FUTURE MINING

Potential impacts on the development from the existing South32 Illawarra Coal workings have been
considered, which are offset by approximately 1-1.5 km from the southern development boundary as
mentioned.

Using an angle of draw of 26.5° and an approximate depth to workings of 580 m, effects on the ground
surface would be offset by a considerable distance from the development, in the order of 0.7-1.2 km from
the southern boundary.

In assessing subsidence impacts to the proposed development, the likelihood of mining in proximity to and
beneath the site must be considered. The geological faulting that is present would be restrictive to future
mining, given the extent, orientation and nature of the faults. The faults are noted to have throws (or
vertical separation) of as high as 60 m, which would render mining of adjacent coal seam/s difficult and
more than likely uneconomical.

The presence of geological faulting provides discontinuities in horizontally bedded sedimentary strata,
forming a restrictive feature to development of subsidence. The faulting substantially lowers / eliminates
the risk of subsidence occurring at the site given the unlikely possibility of mining occurring, and in any case
would reduce the impacts of subsidence indicated by the parameters provided herein.

6 SUMMARY OF CONCLUSIONS

Subsidence impact assessment has been undertaken for the proposed Gilead development for the
proposed Gilead residential development, located south of Sydney between Campbelltown and Appin and
situated over Lot 2 / DP1218887, Lot 2 / DP249393, Lot 1 / DP603675, Lot 2 / DP603674 and part of Lot 5 /
DP1240836

The site has been assessed as an area where, given the underlying geological conditions, future mining may
occur.

Subsidence parameters presented in previous assessments conducted by MSEC [1] and CARDNO [2] have
been reviewed to determine the impacts of subsidence to buildings and infrastructure within the Gilead
development footprint.

It is important to note that the information relied upon for the assessment does not cover the entirety of
the proposed Gilead development area. Notwithstanding this, in BG&E’s opinion, extrapolation of the
available information in relation to surface gradient, seam depth and thickness, overburden composition as
well as fault orientation and extents is sufficiently accurate for the purpose of this assessment. Additional
information may be required to undertake a detailed assessment of predicted mine subsidence induced
surface deflections during detailed design and documentation.
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The revised parameters calculated by CARDNO [2] were independently reviewed and confirmed, with
notable reductions in tilts and strains considering the proposed infrastructure and the previously presented
ground subsidence profile. A maximum vertical subsidence of 1400 mm and tilt of 3.0 mm/m are
considered suitable parameters for linear infrastructure. The revised tilt of 3.0 mm/m has been calculated
for a 100 m length at the point of inflection where the maximum tilt would hypothetically occur.

Considering the natural site slopes, vertical subsidence impacts to the ground surface in Gilead would not
result in unsuitable surface grades (i.e. depressions) or on the operation of gravity reliant infrastructure.

The site slopes also limit impacts from maximum tilt on linear infrastructure, and an additional cover depth
of 100 mm to all such linear services is proposed within Gilead to allow repair of gravity infrastructure in
the unlikely event of subsidence. The additional cover would allow in service adjustment of linear gravity
utilities, whilst maintaining the minimum infrastructure cover requirements, and would ensure the
infrastructure is safe, serviceable and repairable.

Residential buildings within Gilead would remain safe, serviceable and repairable if they are designed in
accordance with appropriate standards, the parameters presented in [1] and the relevant SA NSW
Guidelines.

The South32 lllawarra Coal workings to the south of the site are of suitable offset from the development to
ensure no impacts from subsidence would occur at the site.

In summary, BG&E recommends the following for the proposed development:

» For residential and other buildings — adoption of the previously recommended parameters from [1],
nominally
o Maximum Vertical Subsidence 1400 mm
o Tilt7.0mm/m
o Tensile Strain +1 mm/m
o Compressive Strain -2.5 mm/m
> For Liner infrastructure such as drainage, sewer etc. the following design parameters
o Vertical Subsidence 1400 mm
o Tilt3.0mm/m
o Tensile Strain +0.5 mm/m
o Compressive Strain -1.5 mm/m

It is important to note that as the future mine plans for the proposed development area are not yet clearly
defined, the advice contained herein is preliminary in nature only and may be subject to change. The
report however does clearly establish that, based on reasonable assumptions regarding potential future
mining, and on established methods for determining predicted ground surface movement as the result of
longwall mining activities, development of the site infrastructure to be safe, serviceable, and repairable is
achievable.
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EXECUTIVE SUMMARY

The Mount Gilead Development, proposed by Mount Gilead Pty Limited (Mt Gilead) and S & A
Dzwonnik, is a major residential development project located south of the Sydney Metropolitan
Area between the City of Campbelltown and the Township of Appin.

The site forms part of the proposed land area that has been included in the City of
Campbelltown Residential Metropolitan Development Program (MDP) for rezoning as residential
land. The land lies within the South Campbelltown Mine Subsidence District.

The western boundary of the MDP Area was apparently determined in part by the presence of
geological faults beneath the site, which will restrict future underground coal mining and limit the
impacts of mine subsidence on the surface. These faults and the underlying geology of the site
are discussed in Chapter 1 of this report.

Mt Gilead is preparing a Planning Proposal for the development, which is to be submitted to the
State Government Department of Planning & Environment (DoPE) through Campbelltown City
Council (CCC), seeking approval to rezone the land.

Mount Gilead and S & A Dzwonnik have commissioned Mine Subsidence Engineering
Consultants Pty Limited (MSEC) to study the development proposals and to advise upon the
subsidence impacts that are likely to occur due to future coal mining beneath the development
site

Chapter 1 of the report outlines the background to the study, provides a brief description of the
site and also provides a description of the geology of the area.

Chapter 2 identifies the coal resources beneath the Mount Gilead site in the Bulli Seam and
discusses the known and potential future mining plans that might affect the Mount Gilead site.
Potential coal seam gas resources are also discussed.

Chapter 3 provides predicted subsidence parameters for the Mount Gilead site, based upon the
variations in the seam thickness and depth of cover of the Bulli Seam beneath the site.
Subsidence design parameters are also recommended for the proposed development.

It is noted that conventional residential building structures, designed and constructed in
accordance with Australian Standards and good building practice, are capable of
accommodating the predicted subsidence, tilts, strains and curvatures with minimal impacts.
Such impacts would generally be of a cosmetic nature and would be easily repaired by the Mine
Subsidence Board when subsidence occurs.

Chapter 4 addresses subsidence impacts on surface features.
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CHAPTER1 BACKGROUND AND GEOLOGICAL SETTING

1.1 Introduction

The Mount Gilead Development, proposed by Mount Gilead Pty Limited and S & A Dzwonnik, is
a major residential development project located south of the Sydney Metropolitan Area between
the City of Campbelltown and the Township of Appin. The proposed development site lies
adjacent to Appin Road, between the Nepean River to the west and the Georges River to the
east, as shown in Figure 1.1 and in Drawing MSEC633-01, Rev A, which, together with all other
drawings referred to in this report, is included in Appendix E.
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Figure 1.1 Plan showing the Location of the Mount Gilead Site
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The site forms part of the proposed land area that has been included in the City of
Campbelltown Residential Metropolitan Development Program (MDP) for rezoning as
residential land. The land lies within the South Campbelltown Mine Subsidence District.

The western boundary of the MDP Area was apparently determined in part by the presence of
geological faults beneath the site, which will restrict future underground coal mining and limit the
impacts of mine subsidence on the surface. These faults and the underlying geology of the site
are discussed in Section 1.3.

Mt Gilead Pty Ltd and the S and A Dzwonnik (the Landowners) are jointly preparing a Planning
Proposal for the development to rezone the land, which is to be submitted to the State
Government Department of Planning & Environment (DoPE) through Campbelltown City
Council (CCC).

The landowners have commissioned Mine Subsidence Engineering Consultants Pty Limited
(MSEC) to study the development proposals and to advise upon the subsidence impacts that
are likely to occur due to future coal mining beneath the development site.

This report has been prepared on completion of the study.

1.2 Description of the Site and Existing Features and Infrastructure

The surface levels contours over the Mt Gilead site are shown in Drawing No. MSEC633-03
Rev A, in Appendix E. This drawing shows that the land is generally gently undulating, with
surface gradients in the order of 1in 10 to 1 in 20. Existing built features on the surface are
limited, given the existing rural use of the land. The main features include:

e Farm tracks

e Farm infrastructure, including dams

1.3 Geological Details of the Area

The site lies in the southern part of the Permo-Triassic Sydney Basin, within which the main
coal bearing sequence is the lllawarra Coal Measures, of Late Permian age. The lllawarra Coal
Measures contain four workable seams, the uppermost of which is the Bulli Seam.

All of the sediments that form the overburden to the Bulli Seam belong to the Hawkesbury
Tectonic Stage, which comprises three stratigraphic divisions. The lowest division is the
Narrabeen Group, which ranges in age from Lower to Middle Triassic and varies in thickness up
to 310 metres. Overlying the Narrabeen Group is the Hawkesbury Sandstone which dates from
the Middle Triassic and has a thickness of up to 185 metres.

Above the Hawkesbury is the Wianamatta Group, which is poorly represented in this region,
having a thickness of only a few metres. A typical stratigraphic section for the Southern
Coalfield is shown in Figure 1.2.

The major sandstone units are interbedded with other rocks and, whilst shales and claystones
are quite extensive in places, the sandstone predominates.

The major sandstone units are the Scarborough, the Bulgo and the Hawkesbury Sandstones
and these units vary in thickness from a few metres to as much as 200 metres. The rocks
exposed in the river gorges and creek alignments belong to the Hawkesbury Group.

The other rocks generally exist in discreet but thinner beds of less than 15 metres thickness, or
are interbedded as thin bands within the sandstone. The major claystone unit is the Bald Hill
Claystone, which lies above the Bulgo Sandstone at the base of the Hawkesbury Sandstone.
This claystone varies in thickness and is, in some places, more than 25 metres thick.
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Figure 1.2  Typical Stratigraphic Section — Southern Coalfield

The geology of the Mount Gilead area is typical of the Southern Coalfield. The locations of all
known geological structures are shown in Drawing No. MSEC633-06 Rev. A, which is based
upon information provided by BHP Billiton.

A swarm of faults crosses the site in a southeast to northwest alignment with throws as high as
60 metres. The Bulli Seam is generally deeper on the northern sides of the faults.

It should be noted that the thickness of the coal resources and the identification of geological
structures is, at this stage, based upon a limited number of exploration boreholes. Only five
boreholes have been drilled within the vicinity of the Mount Gilead site.
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CHAPTER 2 COAL RESOURCES AND MINING PLANS

2.1 Coal Resources beneath the Mount Gilead Site

The Mount Gilead site lies within Coal Exploration Authorisation Area A248, the boundaries of
which are shown in Drawing No. MSEC633-01, Rev. A.

The extent of the coal resources beneath the Mount Gilead site was determined from plans
provided by BHP Billiton and the Department of Trade and Investment, Regional Infrastructure
and Services (DTIRIS). Valuable coal resources are present beneath the site in the Bulli and
Balgownie Coal Seams.

The Bulli Seam is the uppermost seam and lies at a depth of approximately 500 metres to
590 metres below the surface, as indicated by the depth of cover contours shown in Drawing
No. MSEC633-04, Rev. A. The seam contains valuable reserves of high quality coking coal,
which varies in thickness from approximately 2.5 metres to 3.5 metres, as indicated by the
seam thickness contours shown in Drawing No. MSEC633-05, Rev. A.

The Balgownie Seam lies approximately 20 metres below the Bulli Seam and is approximately
1.5 metres to 2.0 metres thick. The Balgownie Seam is believed to contain significant reserves
of thermal coal, though it is unlikely that it would be mined for many years, if at all, based on
current technology.

2.2 Known Future Coal Mining Plans

In the next few years, BHPB plans to mine additional longwalls in the Bulli Seam at West Cliff
Colliery. These longwalls are all located to the south of the proposed development and north of
the Appin Township. BHPB also plans to mine additional longwalls in the Bulli Seam at Appin
Colliery. These will be mined as a continuation of the current mining activities to the west of the
Mount Gilead site and will extend in a northerly direction to the southern limit of Menangle Park.
Although mining plans may change, the currently known longwall layout is shown in Drawing
No. MSEC-633, Rev. A, in Appendix E.

2.3 Potential Future Coal Mining Plans

The coal resources in the Bulli and Balgownie Seams, beneath the proposed development,
could be extracted as an extension of the current mining activities at Appin Colliery or, possibly,
by the establishment of a new mine access closer to Campbelltown.

At this time, the layout of any future longwalls beneath the site can only be conjectured, but it is
likely that the resources would be extracted using longwall mining techniques similar to those
that are now being used at Appin and West CIiff Collieries.

The trend over time in the coal mining industry has been to extract wider longwalls and the
future longwalls beneath the Mount Gilead site are likely to be at least of the same width as
those that are being mined at Appin and West Cliff Collieries and those that are currently
proposed in the area, which have a maximum width of approximately 320 metres.

It should be noted, however, that a large part of the seam beneath the Mount Gilead site is
unlikely to be mined due to the presence of faults within the seam, which are shown in Drawing
No. MSEC633-06, Rev. A.

2.4 Potential Coal Seam Methane Gas Resources

The Mount Gilead site lies totally within the Petroleum Exploration Licence Area PEL2 held by
AGL Upstream Investments Pty Ltd, a subsidiary of AGL. Whilst the Mount Gilead
Development site is a relatively small area within the petroleum exploration licence area, it does
overlie significant gas reserves, which can be economically extracted from gas wells
established within the site boundaries. PEL2 forms part of the Camden Gas Project, which has
been designated a State Significant Development by the New South Wales Government.
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An initial report on the gas reserves, based upon six areas of proven production within the
Camden Gas Project, indicated estimated gross gas reserves of more than 60 billion cubic feet.
The gas is mainly extracted from the Bulli Coal Seam. To place this in context, New South
Wales consumes approximately 180 billion cubic feet of gas per year. The Camden Gas
Project represents less than 4% of Sydney Gas’s total land holding.

AGL owns the first two issued Petroleum Production Leases (PPLs) in New South Wales, and
now holds PPLs 1, 2, 4, 5 and 6. AGL was planning to expand gas production from the gas
resource that it controls in the Sydney Basin. In 2007 AGL submitted an Environmental Impact
Statement for expansion of the Camden Gas Project, which, planned to add another 62 new
production wells to the 38 wells currently tied into the Rosalind Park Gas Plant (RPGP) at
Campbelltown. However, in February 2013, AGL suspended expansion of the Camden Gas
Project to address community concerns, and also because of the expectation that new
legislation will be issued shortly which will prohibit wells being established within two kilometres
of residential dwellings

2.5 Coal Seam Methane Gas Extraction Process

Coal Seam Methane (CSM) is a natural gas, which was formed as a by-product during the
process by which organic matter was turned into coal. The Sydney Basin, covering Sydney,
Wollongong and Newcastle, holds vast coal resources and, therefore, very large amounts of
CSM. The exploration for CSM resources and the subsequent extraction of the resources are
controlled by the Department of Primary Industries, by the issue of exploration licences and
production leases under the Petroleum (Onshore) Act, 1991. Further to this, and as of

28" June 2013, all coal seam gas operators are now required to hold environmental protection
licences for both coal seam gas exploration and coal seam gas assessment and production
activities.

CSM is also referred to as coal bed methane or coal seam gas. If the gas is removed directly
from underground coal mines as part of the mining process, it is called mine waste gas or coal
mine methane. CSM is used in the same way as any other gas to power such things as
barbecues, stoves, heaters and water heaters in homes and businesses and is also used as a
direct source of power for industry and as a fuel for electricity generation.

Unlike conventional natural gas reservoirs, where gas is trapped in the pores or void spaces of
a rock such as sandstone or limestone, methane trapped in coal is adsorbed onto the coal
surface (cleats and joints) or micropores and is held in place by reservoir (water) pressure.
Hence the coal is both the source and the reservoir for the methane.

Because the micropore surface area is very large, coal can potentially hold significantly more
methane per unit volume than most conventional reservoirs, making the Sydney Basin's coal
seams an excellent source of fuel and energy. Coal generally has lower permeability, however,
than conventional reservoirs and the rates of production are usually lower. In order to achieve
optimal production rates, it is generally necessary to stimulate the coal reservoirs by hydraulic
fracturing.

In order to tap CSM, a well is drilled down into the coal seam. A steel casing is cemented to the
well bore, which is perforated at the depth of the coal seam to isolate the gas extraction zone.

Hydraulic fracturing of the coal is accomplished by pumping, at high rates, large volumes of
water and sand down the well and into the coal seam. This operation either produces new
fractures or forces the pre-existing cracks and fractures in the coal seam to enlarge and extend.
The coal is fractured beginning at the well bore and then extending from the well bore in a
number of directions for distances of up to several hundred metres. These fractures deep in the
coal seam are less than one centimetre wide.

The water is then pumped out, reducing the pressure and leaving the sand in the small
fractures. The sand prevents the fracture from completely closing up, thereby acting as a
conduit through which the gas is able to flow to the well bore.

© MSEC | June 2014 | REPORT NUMBER: MSEC633 | Revision A 9



Once the gas well is drilled and completed, a small amount of equipment is installed on the
surface and the surrounding area is fully rehabilitated. The valves at the head of the wells can
be installed below ground level in a chamber covered by an access hatch at ground level or
above ground in a small purpose-built utility box.

When the well has been completed, gas is allowed to flow from the well through underground
low pressure pipelines to a gas plant, where any excess water is removed, the quality of the gas
is regulated and the gas is compressed. As a safety measure, an odorant is added to the
methane to ensure that any gas leaks can be detected, as methane itself has no odour. The
gas is then sold and is transported by pipeline to various gas wholesalers and end users.

Gas production is dependent on the thickness of the coal seam, the gas content of the coal, the
permeability of the coal (ability for the gas to flow), the depth of the coal seam and the purity of
the gas. CSM in the Camden region typically contains over 95% methane and, therefore,
generally requires less processing than conventional gas.

Unlike conventional gas, which is found at depths of 1,500 — 2,000 metres, CSM is typically
found at depths of 200 — 1,000 metres. These shallower depths make it possible to use
smaller, more mobile, truck-mounted drilling rigs than those used to establish conventional gas
wells, which improves the economics and cost efficiencies of the operations.

2.6 Rights of Landholders as a Result of Coal Seam Methane Gas Exploration

and Extraction

The rights of landholders, the arrangements for access to land and the compensation payable
to the landholders, by the holders of Petroleum Exploration Licences (PELs), or Petroleum
Production Leases (PPL’s), are covered in New South Wales by the provisions of the Petroleum
(Onshore) Act 1991. Separate provisions apply to Petroleum Exploration Licences and to
Production Leases, though many of the provisions are the same in both cases.

Details of these provisions of the Act are published on the website of the NSW Department of
Primary Industries, www.dpi.nsw.gov.au, from which the following information has been
obtained.

A. Petroleum Exploration Licences
AA1 Access Arrangements

The holder of a PEL may not carry out prospecting operations on land other than in accordance
with an access arrangement with the owner of the land. These arrangements must be agreed
between the licence holder and the landholder, or determined by an arbitrator in accordance
with the Act. Such arrangements may provide for the following:

e Periods during which access may be permitted.

e Parts of the land on which prospecting may be undertaken.
e The kinds of prospecting that may be undertaken.

o The conditions to be observed during prospecting.

e Protection of the environment.

e Compensation to be paid to the landholder.

e The manner of resolving disputes.

¢ The manner of varying the agreement.

¢ Any other matter that the parties may wish to include.
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If the holder of a Petroleum Exploration Licence wishes to enter land owned by others it must

serve a written notice on the landholder of its intention to obtain an access arrangement. The
notice must contain a plan and description of the area of land over which access is sought and
of the prospecting methods to be used.

If an agreement cannot be reached within 28 days after the service of the notice, the holder
may, by further notice, request the landholder’s agreement to the appointment of a mutually
acceptable arbitrator. If after 28 days of the service of the second notice the parties have been
unable to agree on the appointment of an arbitrator, either party can apply to the Director-
General to appoint an arbitrator from the Minister’'s panel of arbitrators.

A.2 Easements and rights of way.

The Minister may, at his discretion and with some limitations, grant such easements or rights of
way for the construction of access roads to the land comprised in a petroleum title and may
from time to time vary or revoke such grants.

A.3 Compensation

The holder of a Petroleum Exploration Licence is liable to compensate every person having any
estate or interest in any land injuriously affected by any operations conducted by the holder.
Compensation is not payable by the holder, under the Act, where the operations of the holder
do not affect, and are not likely to affect, any portion of the surface of the land.

If within 30 days of a notice being served (by either party) requiring an agreement as to the
amount of compensation payable, the parties are unable to agree on the amount of
compensation to be paid, then, either party may apply to the Warden for assessment of
compensation. The Warden’s decision is binding on both parties.

If compensation is assessed under this Act by the Warden, the assessment is to be of the loss
caused or likely to be caused by;

a. damage to the surface of land, to crops, trees, grasses, or other vegetation
(including fruit and vegetables) or to buildings and improvements, being damage
which has been caused by, or which may arise from, prospecting operations;

b. deprivation of the possession or of the use of the surface of land or any part of the
surface; or

o} severance of land from other land of the landholder; or

d. surface rights of way and easements; or

e destruction or loss of, or injury to, disturbance of or interference with, stock; or

f. damage consequential on any matter referred to in paragraphs (a) - (e).

A4 Protection of Houses, Gardens and Improvements

The holder of a petroleum title must not carry out any prospecting or mining operations or erect
any works on the surface of any land;

a. within 200 metres of a dwelling house that is the principal place of residence of the
person occupying it,

b. within 50 metres of a garden, vineyard or orchard, and

C. over any improvements (being a substantial building, dam, reservoir, contour bank,

graded bank, levee, water disposal area, soil conservation work or other valuable
work or structure), other than those constructed for the purpose of mining or
prospecting operations,
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except with the written consent of the owner of the dwelling house, garden, vineyard or orchard
or improvement (and in the case of the dwelling house, the written consent of its occupant). A
consent under this section is irrevocable.

If need be, the Minister is to determine whether any improvement referred to in subsection (c) is
substantial or valuable, and may define an area adjoining any such improvement on the surface
of which no prospecting or mining operations are to be carried out, or works erected, without the
consent of the owner of the improvement.

A.5 Inspection and Control

The Director General and any authorised officer is to be allowed access to land subject to a
petroleum title, or an easement or right of way under the Act, for the purpose of examining and
inspecting the land to ascertain whether the requirements of the title and the Act are being
observed.

An officer of the Department authorised by the Director General, or a registered surveyor so
authorised, may enter land for the purpose of;

e carrying out any survey,

o defining any road,

e carrying out a geological or geophysical survey, or

e collection and removal of any sample of petroleum, water or strata.

Before any person enters any land pursuant to this part of the Act, the person must if
practicable, give reasonable notice to the landholder of the persons intention to do so, and if
required produce evidence that the person is authorised by the Director-General.

B. Petroleum Production Leases
B.1 Compensation

The holder of a Petroleum Production Lease is liable to compensate landholders in the same
manner as the holder of a Petroleum Exploration Licence.

B.2  Protection of Houses, Gardens and Improvements

The holder of a petroleum production lease is subject to the same restrictions concerning
proximity to houses, gardens, vineyards or orchards and improvements for operations as apply
to all petroleum titles (see A.4 above).

B.3 Protection of Cultivated Lands

The holder of a petroleum production lease must not carry out any mining operations or erect
any works on the surface of any land, which is under cultivation except with the consent of the
landholder.

The Minister may, if warranted, define an area of the surface of any parcel of cultivated land on
which mining operations may be carried out or works may be erected. However, before any
such operations commence or works are erected, the Warden is to assess the amount of
compensation for any loss or damage to any crop on the land concerned.

Cultivation for the growth and spread of pasture grasses is not taken to be cultivation within the
meaning of this section of the Act unless, in the Ministers opinion, the circumstances so
warrant. In the case of dispute as to whether land is or is not under cultivation, the Minister’s
decision is final.

B.4  Notification of Application for a Petroleum Production Lease

An applicant for a petroleum production lease must before, or within 21 days after, lodging the
application, cause to be published in appropriate newspapers, a notice stating that an
application has or will be lodged, and containing particulars sufficient to lead to the ready
identification of the area of land over which the lease is sought.
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B.5 Consent of Government Authorities and Local Councils

If the Minister is of the opinion that a Government Department or statutory authority will be
materially affected by the granting of a production lease, the Minister must cause to be served
on that Department or authority a notice;

o stating that an application for the lease has been lodged, and
e containing a description or a plan of the area of land over which the lease is sought,

o stating that objections to the granting of the lease, or proposals for the inclusion in the
lease of any condition, may be made to the Minister within the period specified in the
notice.

Before granting a production lease, notice must be served on the Director of Planning, stating
the details described above and:

e containing a detailed description of the works to be undertaken by or on behalf of the
applicant for the lease if granted, including works and activities relating to;

e the preparation of the land for petroleum mining, and

o the reinstatement of the land either during the carrying on of petroleum mining
operations or after they have ceased.

e containing a copy of any environmental impact statement that is required by the
Environmental Planning and Assessment Act 1979 to be prepared in relation to the
application, and

o stating that objections to the granting of the lease, or proposals for the inclusion in the
lease of any condition, may be made to the Minister within the period specified in the
notice

If land to which an application for a petroleum production lease relates is not affected by an
environmental planning instrument, within the meaning of the Environmental Planning and
Assessment Act 1979, that comprehensively specifies the purposes for which development is
prohibited and the purposes for which development may be carried out, the Minister must serve
notice on the appropriate local council;

o stating that an application for a production lease has been lodged, and
e containing a description or plan of the area of application, and

o stating that objections to the grant, or proposals for the inclusions of any lease
conditions, may be made to the Minister.

A government department or statutory authority or the Director of Planning or local council may
by instrument in writing, lodged with the Minister within the specified period;

e object to the granting of a production lease, or
e propose that specified conditions be included in the lease conditions
B.6 Requirement to receive Development Consent

If a development consent is necessary under the Environmental Planning & Assessment Act
1979 for the use of land for the purpose of obtaining petroleum, the Minister must, before grant
of the lease serve notice;

e on the applicant, requiring the applicant to apply to the appropriate consent authority for
that development consent,

e on the consent authority concerned that the lease applicant is required to apply for
development consent, stating any instrument and conditions proposed to be included in
the lease if granted, and that proposals for inclusions of conditions in the lease should
be lodged with the Minister within a specified time.
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Any requirement of or made under the Environmental Planning and Assessment Act 1979 that
an application for development consent to the use of land for the purpose of obtaining
petroleum be accompanied by the consent of the owner of the land is of no effect.

If a consent authority does not give its consent to use the land for obtaining petroleum, then the
Minister is bound to refuse the application for a production lease over that land.

2.7 Potential for Extraction of Gas Resources at Mount Gilead

Extraction of coal bed methane from the Bulli Seam beneath the Mount Gilead site is possible
at some time in the future. However, based upon imminent legislation restricting coal seam gas
extraction within two kilometers of residential dwellings, AGL’s proposed expansion of the
Camden AGL Project has been put on hold, and the project is not expected to proceed as
proposed. Further to this, extraction at Mt Gilead in the foreseeable future is unlikely, unless
legislation about gas extraction is relaxed in the future. However, should gas extraction occur
at the Mount Gilead site in the future, it is expected that the extraction process would take
approximately 15 years to be completed from wells on the site.
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CHAPTER 3 PREDICTED SUBSIDENCE PARAMETERS

3.1 Predicted Subsidence Parameters

Since a mine layout has not been determined, it is only possible at this stage to make
approximate subsidence predictions for the potential future longwalls, based upon the most
likely scenario. On this basis, subsidence predictions have been made assuming that the future
longwalls would be 320 metres wide, with chain pillars between longwalls of 45 metres width.

Subsidence predictions have been prepared at five points on the Mount Gilead site, based upon
information provided by BHP Billiton. The predictions relate to the extraction of the Bulli Seam
only, since it is unlikely that the Balgownie Seam would be mined, bearing in mind the
limitations of current technology.

The locations of these points, numbered 1 to 5, are shown in Drawing No. MSEC633-02,
Rev. A, and the predicted maximum subsidence parameters based upon the seam thickness
and depth of cover at each point are presented in Table 3.1. These predicted parameters are
not based upon a particular mine layout, but assume that longwalls of 320 metres width could
be mined anywhere beneath the site.

Table 3.1 Predicted Maximum Subsidence Parameters

Seam Depth Maximum Maximum Maximum Maximum Maximum Maximum
Point Thickness of Subsidence Tilt Tensile |Compressive| Hogging Sagging
No. (m) Cover (mm) (mm/m) Strain Strain Curvature | Curvature

(m) (mm/m) (mm/m) (km) (km)

1 3.25 575 1390 6.5 1.0 21 14.4 7.0

2 3.29 555 1440 7.0 1.1 2.3 13.6 6.4

3 2.94 560 1270 6.1 1.0 2.0 154 7.4

4 2.6 520 1190 6.0 0.9 2.0 16.5 7.4

5 2.68 585 1120 5.3 0.8 1.7 17.8 8.9

The maximum subsidence predictions have been made, at various points on the site, using the
predictive graphs published in 1988 by Dr Lax Holla, formerly the Principal Subsidence
Engineer of the Department of Mineral Resources (now the DTIRIS).

The graphs can be used to predict the maximum subsidence over a series of longwalls, based
upon the widths of the longwalls, the widths of the pillars, the depth of cover and the seam
thickness.

The predictions of maximum tilt, curvature and strain have been based upon the Incremental
Profile Method and previous experience in the Southern Coalfield.

The maximum predicted subsidence varies from 1120 mm to 1440 mm, depending on
variations in the seam thickness and depth of cover from place to place. The maximum
predicted tilt is 7 mm/m at the perimeter of the subsidence trough and 2 to 3 mm/m within the
bottom of the trough. The maximum predicted strains are 1.1 mm/m, tensile, and 2.3 mm/m,
compressive, with a maximum predicted curvature of 6.4 kilometres radius.

The values given in Table 3.1 are the maximum values that are likely to occur at some point in
the subsidence trough over a series of longwalls. It should be noted, however, that the
presence of the faulted zone will restrict any future longwall layout, so that most of the Mount
Gilead site will be either outside or close to the edge of the subsidence trough. Over most of
the site, therefore, the potential subsidence parameters are likely to be much less than these
maximum values.
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In the absence of a detailed mine plan, however, it has been normal practice to design large
building structures and other items of infrastructure to accommodate the maximum predicted
values.

In the past, the Mine Subsidence Board (MSB) has normally required infrastructure, such as
large building structures or pipelines, in the Southern Coalfield, to be designed to accommodate
the following subsidence movements:

. Vertical Subsidence 1200 mm
. Tilt 6 mm/m
. Strain 1to 2.5 mm/m
. Curvature 8 km radius

It can be seen that these values are very similar to those presented in Table 3.1. Houses of
moderate size, less than 30 metres in length and 18 metres wide, and no greater than two
storeys in height, are generally acceptable to the MSB if they comply with the Building Code of
Australia (BCA), Australian Standards and good building practices indicated in the Board’s
Guidelines. Conventional residential building structures, designed and constructed in
accordance with such standards, are capable of accommodating the predicted subsidence, tilts,
strains and curvatures with minimal impacts, which would generally be of a cosmetic nature and
would be easily repaired by the MSB when subsidence occurs.

At this stage, the Balgownie Seam that lies beneath the Bulli Seam has been ignored, because
it is relatively thin and, based on current technology, is unlikely to be mined. It is of course
possible that future developments in technology could change this situation, so the extraction of
the lower seam should not be totally discounted. If it were to be mined, however, it would occur
after the mining in the Bulli Seam had been completed and would be a separate and less
significant subsidence event with maximum subsidence of approximately 750 mm to 850 mm
and proportionally lower levels of tilt and strain than those given above.

This could result in a total vertical subsidence of approximately 2 metres in some places. Whilst
this appears to be a very large settlement, it should be realised that the vertical subsidence of
the ground is not generally the cause of damage to building structures and other items of
infrastructure. Tilts, curvatures and strains are the major causes of damage to building
structures, but so long as the structures have been designed to accommodate the predicted
movements, they should generally remain safe, serviceable and repairable as subsidence
occurs.

When a mine layout has been established, the Incremental Profile Method can be used to make
detailed predictions of the subsidence over the extracted area. In this case, however, since it is
not known what the mine layout will be, it is only possible to provide the predicted maximum
values assuming that mining will occur beneath the total area of the site. It is possible,
however, to illustrate the way in which the subsidence might vary across the site and this is
discussed in Section 3.2.

3.2 Typical Subsidence Profiles

In reality, the subsidence in most places would not reach the maximum values shown in

Table 3.1 and the subsided surface levels over a series of longwalls would undulate across the
bottom of the subsidence trough, the subsidence varying from place to place by approximately
150 mm to 200 mm, as illustrated in Figure 3.1.

It should be noted that the X axis in Figure 3.1 represents the horizontal distance in metres,
whilst the Y axis represents the subsidence in millimetres. The graph is, therefore, drawn to a
very exaggerated vertical scale. The uppermost curves in the graph are the ‘incremental’, i.e.
longwall by longwall, subsidence profiles, whilst the lower curves are the cumulative total
subsidence profiles, obtained by adding the incremental profiles, to show the subsided shape
on completion of each longwall in sequence. The lowest curve in the graph, shown as a thick
red line, is the final profile on completion of the series of five longwalls.
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The predictions given above in Table 3.1 are based upon longwalls of 320 metres width, which
are the widest of the longwalls currently being planned by BHP Billiton, at Appin and West ClIiff
Collieries. It is possible that future longwalls could be of greater width and that subsidence
could therefore be increased, but the widths that might be adopted in future are open to
conjecture at this point in time.
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Figure 3.1 Typical Incremental, Cumulative and Final Subsidence Profiles

3.3 Predicted Tilts

The maximum predicted tilts of up to 7 mm/m, which are shown in Table 3.1, generally occur on
the side of the incremental subsidence profile as each longwall is mined in sequence.
Elsewhere the tilts are generally lower than the maximum values and many of the tilts caused
by the extraction of a longwall are reduced as the subsequent longwall is mined.

This occurs due to the overlapping of the subsidence profiles from longwall to longwall and can
be appreciated by studying the subsidence profiles shown in Figure 3.1.

The maximum predicted tilts, therefore, only occur around the edge of the subsidence trough
and the final tilts within the trough are significantly lower than the maximum values and are
generally in the range 2 mm/m to 3 mm/m, i.e. 1 in 500 to 1 in 333.

34 Predicted Strains and Curvatures

The maximum predicted ground strains at the Mount Gilead site, due to extraction of the Bulli
Seam, which are presented in Table 3.1, are a tensile strain of 1.1 mm/m and a compressive
strain of 2.3 mm/m. These strains will be accompanied by ground curvatures of approximately
13.6 kilometres radius and 6.4 kilometres radius, respectively.

The tensile strain will normally be accompanied by convex, or hogging, curvature, whilst the
compressive stain will normally be accompanied by concave or sagging, curvature. As mining
occurs, building structures will be subjected to both of these movements and the greatest
impacts on the building structures are likely to result from a combination of strain and curvature
effects.
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Recent research has shown that tensile strains can sometimes occur together with sagging
curvature and that compressive strains can sometimes occur together with hogging curvature.
In the design of building structures, the worst combinations of strain and curvature should,

therefore, be considered.

3.5 Recommended Design Parameters

Given that a mining layout has not been established, and based upon adoption of the use of the

Holla method of analysis for this mine subsidence study, the following subsidence parameters
are recommended for the design of buildings and infrastructure throughout the development

site:

Provided that items of infrastructure and all houses on the Mt Gilead Site development site are

Vertical Subsidence 1400 mm
Tilt 7.0 mm/m
Tensile Strain +1 mm/m
Compressive Strain -2.5 mm/m

Hogging Curvature 13.6 km radius
Sagging Curvature 6.4km radius

designed and built to allow for these mine subsidence movements, it would be acceptable from

an engineering design perspective for development to occur prior to mining of coal in the Bulli
Seam, beneath the development site. These values are based on the most critical of the
expected values from the MSB, and the evaluation of subsidence parameters using the Holla
Method. The MSB must also be approached to obtain the subsidence design parameters, and
if they are more severe than the values recommended in this report, then the more severe

values should be adopted.
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CHAPTER 4 SUBSIDENCE IMPACTS ON SURFACE FEATURES

4.1 Impact of Subsidence on Existing Built Features on the Surface

Existing built features on the surface are limited, given the existing rural use of the land. The
main features include:

o Water Supply Canal (adjacent to the site)

e Appin Road (adjacent to the site)

¢ Transmission line easement (but no actual related infrastructure)

e Minor farm built features, for example tracks, dams, sheds and fences
These features are shown in Appendix E, in Drawing No. MSEC633-07, Revision A.

Management of these items of infrastructure will need to be examined in further detail once
future mining plans are developed, so that a detailed subsidence impact assessment for these
items may be completed. Until then, development of management strategies for these items of
infrastructure would be premature. It is, however, noted that items such as these have been
readily managed for subsidence throughout the Southern Coalfield as a result of mining that
has already occurred, and is continuing to occur. On this basis, subsidence management plans
should be developed for these items of infrastructure, in the future, once future mining plans
have been developed. These subsidence management plans would be developed by the
mining company, in consultation with other stakeholders, including infrastructure owners and
land owners.

4.2 Impact of Subsidence on Flooding and Surface Ponding

Future longwall mining beneath the Mount Gilead site would lead to subsidence troughs
developing above the longwall panels. Chapter 3 indicates that subsidence is anticipated to
reach values of up to 1200 mm for panels up to 320 metres wide. However, the occurrence of
the peak subsidence values would be restricted to relatively small areas along the lengths of
longwall panels. Subsidence is also not expected to occur across a large area of the site
because of the presence of geological faulting.

A preliminary review of existing surface contours across the Mount Gilead site suggests that the
project site is not prone to flooding. This should, however, be confirmed with the surface water
drainage consultant for this project. However, the subsidence created from a yet to be
developed longwall mine plan for the site could lead to some localised surface ponding. In
general the proposed residential development is expected to occur on the higher areas of the
site, rather than within and directly adjacent to the existing natural drainage channels.

Drainage channels would tend to be more prone to localised ponding, rather than slopes above
the drainage channels. On this basis, surface ponding is not expected to be an impact that will
occur across the entire site as a result of future longwall mining.

However localised ponding in some areas may need to be managed via some re-grading of
land, once mining has occurred in the future. Once any future mining proposals are developed
and a mine plan is available, a subsidence study using the incremental profile method could
provide a thorough understanding of subsided surface level predictions. This information could
be used for a detailed surface water drainage and flooding study at that time by a surface water
specialist to understand, in detail, the predicted impacts on flooding and surface water, of a
proposed mine plan. However, until a mine plan is developed, such predictions cannot occur
with any degree of accuracy.
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4.3 Potential Impacts of Subsidence on Future Developments

Houses of moderate size, less than 30 metres in length and 18 metres wide, and no greater
than two storeys in height, are generally acceptable to the MSB if they comply with the BCA,
Australian Standards and good building practices indicated in the Board’s Guidelines.
Conventional residential building structures, designed and constructed in accordance with such
standards, are capable of accommodating the predicted subsidence, tilts, strains and
curvatures with minimal impacts, which would generally be of a cosmetic nature and would be
easily repaired by the MSB when subsidence occurs.

It should be realised that the vertical subsidence of the ground is not generally the cause of
damage to building structures and other items of infrastructure. Tilts, curvatures and strains are
the major causes of damage to building structures, but so long as the structures have been
designed to accommodate the predicted movements, they should generally remain safe,
serviceable and repairable as subsidence occurs.
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APPENDIX A GLOSSARY OF TERMS AND DEFINITIONS

Some of the mining terms used in the report are defined below:

Angle of Draw

Chain Pillar

Cover Depth (H)

Critical Area

Curvature

Extracted Seam
Thickness

Effective Extracted
Seam Thickness (T)

Face Length
Goaf

Goaf End Factor

Horizontal Displacement

Inflection Point

Incremental Subsidence

Panel

Panel Length (L)

Panel Width (Wv)

Panel Centreline
Pillar
Pillar Width (Wpi)

Strain

Sub-critical Area

The angle of inclination from the vertical of the line connecting the
goaf edge of the workings and the limit of subsidence (which is
usually taken as 20 mm of subsidence).

A block of coal left unmined between the longwall extraction
panels.

The depth from the surface to the top of the seam. Cover depth is
normally provided as an average over the area of the panel.

The area of extraction at which the maximum possible subsidence
of one point on the surface occurs.

The change in tilt between two adjacent sections of the tilt profile
divided by the average horizontal length of those sections.

The thickness of coal that is extracted. The extracted seam
thickness is normally given as an average over the area of the
panel.

The extracted seam thickness modified to account for the
percentage of coal left as pillars within the panel.

The width of the coalface measured across the longwall panel.

The void created by the extraction of the coal into which the
immediate roof layers collapse.

A factor applied to reduce the predicted incremental subsidence
at points lying close to the commencing or finishing ribs of a
panel.

The horizontal movement of a point on the surface of the ground
as it settles above an extracted panel.

The point on the subsidence profile where the profile changes
from a convex curvature to a concave curvature. At this point the
strain changes sign and subsidence is approximately one half of
S max.

The difference between the subsidence at a point before and after
a panel is mined. It is therefore the additional subsidence at a
point resulting from the excavation of a panel.

The plan area of coal extraction.

The longitudinal distance along a panel measured in the direction
of (mining from the commencing rib to the finishing rib.

The transverse distance across a panel, usually equal to the face
length plus the widths of the roadways on each side.

An imaginary line drawn down the middle of the panel.
A block of coal left unmined.

The shortest dimension of a pillar measured from the vertical
edges of the coal pillar, i.e. from rib to rib.

The change in the horizontal distance between two points divided
by the original horizontal distance between the points.

An area of panel smaller than the critical area.
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Subsidence

Super-critical area
Tilt

Uplift

Upsidence

The vertical movement of a point on the surface of the ground as
it settles above an extracted panel.

An area of panel greater than the critical area.

The difference in subsidence between two points divided by the
horizontal distance between the points.

An increase in the level of a point relative to its original position.

The difference between the observed subsidence profile within a
valley and the conventional subsidence profile which would have
otherwise been expected in flat terrain.
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APPENDIXC INTRODUCTION TO LONGWALL MINING AND

SUBSIDENCE

C1 The Longwall Mining Process

Figure C1 shows a cutaway diagram of a typical longwall mine. The main features of the mine
are indicated in the key below the diagram. The longwall face is indicated by the number 8 in
the diagram.

KEY

Drift for men and materials access
Shaft winder house

Bathhouse and administration building
Workshops

Coal preparation plant

Coal storage bins

Gas drainage system

Longwall face equipment

Coal seam

Continuous miner unit

Coal pillar

Underground coal bin

Main roadway or heading

Coal skips to carry coal to the surface
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Figure C1 Cutaway View of a Typical Longwall Mine

In longwall mining, a panel of coal, typically around 150 to 400 metres wide, 1000 to 3500
metres long and 2 to 5 metres thick, is totally removed by longwall shearing machinery, which
travels back and forth across the coalface. A typical section through a coal face is shown in
Figure C2 and a photograph of typical longwall face equipment is shown in Figure C3. The
shearer cuts a slice of coal from the coalface on each pass and a face conveyor, running along
the full length of the coalface, carries this away to discharge onto a belt conveyor at the end of
the face, which carries the coal out of the mine.
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Figure C2 Cross Section of a Typical Longwall Face

The area immediately in front of the coalface is supported by a series of hydraulic roof supports,
which temporarily hold up the roof strata and provide a working space for the shearing
machinery and face conveyor. After each slice of coal is removed, the hydraulic roof supports,
the face conveyor and the shearing machinery are moved forward. Figure C3 shows the
arrangement of machinery on a typical longwall face, with the hydraulic roof supports on the left
hand side and the coal face on the right hand side of the picture. The drum in the background
is the rotating cutting head of the coal shearer and the chain conveyor can be seen in the

foreground.
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Figure C3 Typical Longwall Face Eqmpment
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Figure C4 Typical Plan View of a Series of Longwall Panels

Figure C4 shows a typical layout of a group of longwalls. Before the extraction of a longwall
panel commences, continuous mining equipment extracts coal to form roadways (known as
headings) around the longwall panel. These roadways form the mine ventilation passages and
provide access for people, machinery, electrical supply, communication systems, water pump
out lines, compressed air lines and gas drainage lines. The roadways, which provide access
from the mine entrance to the longwalls, are referred to as the main headings. Once the main
headings have been established additional roadways, known as development headings, are
driven on both sides of the longwall panel and are connected together across the end of the
longwall.

The longwall face equipment is established at the end of the panel that is remote from the main
headings and coal is extracted within the panel as the longwall equipment moves towards the
main headings. This configuration is known as retreat mining. Typically, a longwall face
retreats at a rate of 50 metres to 100 metres per week, depending on the seam thickness and
mining conditions. The coal between the development headings and between the main
headings is left in place as pillars to protect the roadways as mining proceeds. The pillars
between the development headings are referred to as chain pillars.

When coal is extracted using this method, the roof immediately above the seam is allowed to
collapse into the void that is left as the face retreats. This void is referred to as the goaf.
Miners working along the coalface, operating the machinery, are shielded from the collapsing
strata by the canopy of the hydraulic roof supports. As the roof collapses into the goaf behind
the roof supports, the fracturing and settlement of the rocks progresses through the overlying
strata and results in sagging and bending of the near surface rocks and subsidence of the
ground above, as illustrated in Figure C2.

If the width of an extracted panel of coal is small and the rocks above the seam are sufficiently
strong, it is possible that the roof will not collapse and hence no appreciable subsidence will
occur at the surface. However, to maximise the utilisation of coal resources and for other
economic reasons, wide panels of coal are generally extracted and, in most cases, the roof is
unable to support itself.
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C2 The Development of Subsidence.
C2.1 Subsidence Mechanisms.

As the immediate roof strata, i.e. the rocks immediately above the seam, collapse into the goaf,
the rocks above them lose support and sag to fill the void beneath them. The mechanism
progresses towards the surface and the affected width increases, so that at the surface an area
somewhat larger than the extracted panel of coal undergoes settlement. Figure C5 shows a
typical subsidence profile above an extracted longwall panel and it can be seen that the majority
of the subsidence occurs over the centre of the longwall and tapers off around the perimeter of
the longwall. The subsidence is typically less than the thickness of coal extracted underground.
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Figure C5 Typical Subsidence Profile Drawn to a True Scale

The angle at which the subsidence spreads out towards the limit of subsidence, at the surface,
is referred to as the angle of draw. The angle of draw depends upon the strength of the strata
and the depth of cover to the coal seam and typically lies between 10 and 35 degrees from the
vertical, depending on how the limit of subsidence is defined.

It is generally accepted that subsidence of less than 20 mm will have negligible effect on
surface infrastructure and this is generally adopted as the cut-off point for determination of the
angle of draw. In the Coalfields of NSW, if local data is not available, the cut-off-point is taken
as a point on the surface defined by an angle of draw of 26.5 degrees from the edge of the
extraction, i.e. a point on the surface at a distance of half the depth of cover from the goaf edge.
Where local data exists and it can be shown that the angle is generally less than 26.5 degrees,
then, the lower angle of draw can be used.

The subsidence of the surface is considerably less than the thickness of coal removed, due to
the voids that are left within the collapsed strata. The extent of the settlement at the surface is
therefore dependent upon the strength and nature of the rocks overlying the coal seam and is a
direct function of their capacity to bridge over the voids.

When a panel has a width that is small, relative to the depth of the seam below the surface, the
fractured rocks have a tendency to bridge over the goaf by arching between the solid abutments
on each side of the panel, thus reducing the amount of subsidence.
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As the panel width is increased, however, the overlying rocks are less able to arch over the goaf
and a limiting panel width is reached where no support is available and maximum subsidence
occurs. This limiting panel width is referred to as the critical width and is usually taken to be 1.4
times the depth of cover. It does, however, depend upon the nature of the strata.

Where several panels are mined in a series and chain pillars are left between the panels, the
maximum subsidence does not occur unless each panel is, at least, of critical width. The chain
pillars crush and distort as the coal is removed from both sides of them, but, usually, they do not
totally collapse and, hence, the pillars provide a considerable amount of support to the strata
above them.

Where large supercritical areas are extracted, the maximum possible subsidence is typically
55% to 65% of the extracted seam thickness, but, because chain pillars are normally left in
place, and provide some support, this maximum possible subsidence is rarely reached.

Research has shown that the incremental subsidence of a second or subsequent panel in a
series is greater than the subsidence of an individual isolated panel of identical geometry.
Because the subsidence effects above a panel extend beyond its goaf edges, these effects can
overlap those of neighbouring panels.

Where the width-to-depth ratios of the panels in a series are sub-critical, which is normally the
case in the Southern Coalfield, the amount of subsidence in each panel is determined by the
extent of these overlaps, which are further influenced by the widths of the chain pillars. In this
situation, the first panel in a series will generally exhibit the least subsidence and the second
and subsequent panels will exhibit greater subsidence due to disturbance of the strata caused
by mining the preceding panels and consequential redistribution of stresses within the strata.

The subsidence at the surface does not occur suddenly but develops progressively as the coal
is extracted within the area of influence of the extracted panel. In many cases, when the cover
over the coal seam is deep, a point on the surface will be affected by the extraction of several
adjacent panels.

When extraction of coal from a panel is commenced, there is no immediate surface subsidence,
but as the coal within this first panel is extracted and the extracted void increases in size,
subsidence develops gradually above the goaf area. As mining continues, a point is reached
within the panel where a maximum value of subsidence occurs and despite further mining
beyond this point, within the panel, this level of subsidence is not increased.

As further adjacent panels are extracted, additional subsidence is experienced within the
previously mined panels. However, a point is also reached where a maximum value of
subsidence is observed over the series of panels, irrespective of whether more panels are later
extracted.

The subsidence effect at the surface occurs in the form of a wave, which moves across the
ground at approximately the same speed as the longwall face retreats within the longwall panel.
The extraction of each panel creates its own wave as the panels are mined in sequence.

The development of subsidence at any point on the surface of the ground can be seen to be a
very complex mechanism and the cumulative effect of a number of separate movements.

C2.2 Subsidence Parameters

Subsidence, tilt, horizontal displacement, curvature and strain are the subsidence parameters
normally used to define the extent of the surface movements that will occur as mining proceeds
and generally form the basis for the assessment of the impacts of subsidence on surface
infrastructure. These parameters are illustrated in Figure C6.
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Subsidence
Subsidence usually refers to vertical displacement of a point, but subsidence of the ground

actually includes both vertical and horizontal displacements. These horizontal displacements
can in many cases be greater than the vertical subsidence. The amplitude of subsidence is

usually expressed in millimetres.

Tilt

Tilt is calculated as the change in subsidence between two points divided by the distance
between those points. Tilt is, therefore, the first derivative of the subsidence profile. The sign
of tilt is not important, but the convention usually adopted is for a positive tilt to indicate the
ground increasing in subsidence in the direction of measurement.

The maximum tilt, or the steepest portion of the subsidence profile, occurs at the point of
inflection in the subsidence trough, where the subsidence is roughly equal to one half of the

maximum subsidence. Tilt is usually expressed in millimetres per metre.
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Figure C6 Subsidence Parameter Profiles above a Single Longwall Panel

Horizontal Displacement
The horizontal component of subsidence, or horizontal displacement, is greatest at the point of

maximum tilt and declines to zero at the limit of subsidence and at the point of maximum
subsidence. Horizontal displacement is usually expressed in millimetres.

Curvature
Curvature is the second derivative of subsidence, or the rate of change of tilt, and is calculated

as the change in tilt between two adjacent sections of the tilt profile divided by the average

length of those sections. Curvature is usually expressed as the inverse of the radius of
curvature with the units of 1/km, or km-1, but the values of curvature can be inverted, if
required, to obtain the radius of curvature, which is usually expressed in kilometres.

Curvature is convex or ‘hogging’ over the goaf edges and concave or ‘sagging’ toward the
bottom of the subsidence trough. The convention usually adopted is for convex curvature to be

positive and concave curvature to be negative.
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Strain

Strain is caused by bending and differential horizontal movements in the strata. Measured
strain is determined from monitored survey data by calculating the horizontal change in length
of a section of a subsidence profile and dividing this by the initial horizontal length of that
section.

If the section has been extended, the ground is in tension and the change in length and the
resulting strain are positive. If the section has been shortened, the ground is in compression
and the change in length and the resulting strain are negative.

The unit of measurement adopted for strain is millimetres per metre. The maximum strains
coincide with the maximum curvature and hence the maximum tensile strains occur towards the
sides of the panel whilst the maximum compressive strains occur towards the bottom of the
subsidence trough.

C3 Subsidence Impacts at the Surface

The most significant impacts on surface infrastructure are experienced during the development
of the subsidence trough, when maximum ground movements normally occur.

As the subsidence wave approaches a point on the surface, the ground starts to settle, is
displaced horizontally towards the mined void and is subjected to tensile strains, which build
from zero to a maximum over the length of convex or hogging curvature, as shown in Figure C7
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Figure C7 Development of a Subsidence Trough (to an exaggerated vertical scale)

The position of maximum hogging curvature is the position of maximum tensile strain. When
vertical subsidence is approximately half of the maximum subsidence, i.e., as the face passes
under the surface point, the ground reaches its maximum horizontal displacement and the strain
reduces to zero again.

As the longwall face moves further away from the surface point the settlement continues,
horizontal displacement reduces and the ground is subjected to compressive strains, which
build from zero to a maximum over the length of concave or sagging curvature and then decline
to zero as maximum subsidence is reached. The position of maximum sagging curvature is the
position of maximum compressive strain. When the subsidence is complete, the ground is
commonly left with no horizontal displacement and little residual tilt or strain.
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Between the tensile and compressive zones is the point of inflection, which is the point at which
maximum tilt and maximum horizontal displacement occurs. For critical extraction conditions, it
is also the point at which the subsidence is, approximately, equal to half the maximum
subsidence.

As the longitudinal wave passes, the transverse subsidence profile gradually develops and is
completed as maximum subsidence is reached. The transverse subsidence profiles over each
side of the panel are similar in shape to the longitudinal subsidence profile and have the same
distribution of tilts, curvatures and strains.

Most of the points on the surface will thus be subjected to three-dimensional movements, with
tilt, curvature and strain in both the transverse and longitudinal directions. The impact of
subsidence on surface infrastructure is therefore dependent upon its position within the trough.

The above sequence of ground movements, along the length of a panel, only applies to surface
structures if they are located at a point where the maximum subsidence is likely to occur.
Elsewhere, the impacts, in the both the transverse and longitudinal direction are reduced.

If a structure is located on the perimeter of the subsidence trough, it will be only slightly
affected, will suffer little settlement and will have little residual tilt or strain.

A structure or surface feature on the side of the trough between the tension and compression
zones will experience some subsidence, and will be left with residual horizontal displacement
and tilt, but will be subjected to lower curvatures and strains. Structures or surface features
located at the positions of maximum curvature and strain would generally suffer the greatest
damage.

As each panel within a series is extracted in turn, an incremental subsidence trough is formed
above it. If the width-to-depth ratios of the panels are low, the incremental subsidence troughs
overlap at the surface and the resulting subsidence at any point, in these circumstances, is a
combination of the effects of a number of panels.

A point on the surface may then be subjected to a series of subsidence waves, which occur as
each panel is extracted, and the duration of these impacts will depend upon the position of the
point relative to each of the subsidence troughs that are formed.
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D1 Alternative Methods of Prediction

Several alternative methods have been used in the past to predict subsidence parameters,
including:

e Graphical Methods, such as the National Coal Board Method used in the U.K.
e Profile Function Methods.

¢ Influence Function Methods.

e Numerical Modelling Methods.

e Empirical Methods.

Profile function methods seek to define the shape of the subsidence profile using a single
mathematical formula. These are generally only applicable to single panels, since they assume
the profiles to be symmetrical and fail to recognise the way in which subsidence profile shapes
are modified over adjacent and previously mined goaf areas.

Influence function methods predict subsidence profiles based on the theory of an area of
influence around a point of extraction. These methods can be applied to a wide range of mining
geometries, but are more difficult to calibrate and check than profile function methods.

Numerical modelling techniques have been developed in recent years using finite element and
discrete element models such as FLAC, UDEC and FLOMEC. These are particularly useful
tools for investigating strata mechanisms and hydrological impacts, but have not been found to
produce sufficiently accurate predictions of mine subsidence.

Empirical methods can be developed for the prediction of subsidence parameters whenever a
large database of measured subsidence parameters is available. These methods can be
advantageously employed over a wide range of mining geometries, taking into account local
variations in strata lithology. Other modelling methods can also be successful where sufficient
local data is available for model calibration. To be successful, all methods of prediction have to
be checked against measured data and calibrated to reflect local geology.

An empirical approach has generally been adopted in the coalfields of New South Wales, and
this has been expanded in recent years by the development of the Incremental Profile Method.
The Standard Empirical methods and the Incremental Profile Method are described in the
following sections. Further information on alternative methods of subsidence prediction can be
found in Kratzsch (1983) and Whittaker and Reddish (1989).

D2 Standard Empirical Methods

At collieries in New South Wales, the maximum subsidence of the surface has generally been
predicted using empirical methods. In the past, subsidence predictions were based upon the
methods outlined in the Subsidence Engineers Handbook, first published by the National Coal
Board of the United Kingdom in 1965 and revised in 1975. This involved the use of a series of
graphs derived from numerous field observations in British mines, which allowed the shapes of
the subsidence, tilt and strain profiles to be predicted.

The method gave good results when applied to British mining situations, but when the method
was adopted in Australia, it became clear that the field observations differed considerably from
predicted values and were generally much less than theory would suggest.

This is because the strata that overlie the coal seams in British coalfields differ from those that
occur in the coalfields of Australia and because the subsidence measurements in British
coalfields were in some cases affected by multi-seam mining.
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The rocks in Britain are generally less competent and less able to bridge the extracted voids
and, therefore, for a given seam thickness, the maximum subsidence is greater than it would
normally be for the same mining geometry in Australian conditions.

An intensive research program was therefore undertaken by the New South Wales Department
of Mineral Resources (DMR) to develop a predictive model that was more appropriate for
Australian conditions. It was noted that the subsidence behaviour varied significantly between
the Southern Coalfield, the Newcastle Coalfield and the Western Coalfield of New South Wales.
Subsidence data from collieries in New South Wales were therefore studied separately for the
three coalfields.

The work resulted in three publications which provide guidelines for the prediction of mine
subsidence parameters in each coalfield. The handbook for the Southern Coalfield was
completed in 1975 (Holla, 1975) and the handbooks for the Newcastle and Western Coalfields
were completed in 1987 (Holla, 1987a) and 1991 (Holla, 1991a) respectively. It should be
noted that the method of prediction given in the New South Wales handbooks is only applicable
to single, isolated panels.

Additional research by Dr L. Holla of the DMR led to the publishing of a paper (Holla, 1988)
which included a graph which can be used to predict the maximum subsidence above a series
of longwall panels, for critical extraction conditions. This graph is reproduced as Figure D1,
where S max is the maximum subsidence, T is the seam thickness and H is the depth of cover.

S max

Individual panel width

Figure D1 Graph for the Prediction of Maximum Subsidence over a Series of Panels
for Critical Extraction Conditions (after Holla, 1988)

Following further study, a revised handbook was produced by the DMR for the Southern
Coalfield in 2000 (Holla and Barclay). This later handbook included graphs that allow prediction
of the maximum subsidence over a series of longwall panels. The handbook can also be used
to establish an approximate subsidence profile and to predict the maximum tilt, curvature and
strain above a mined area, for single panels.

When the width of an extracted panel, the depth of cover, and the extracted seam thickness are
known, the following parameters can be predicted:

e The maximum subsidence value
e The location of the inflection point

e The average goaf edge subsidence
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e The limit of subsidence

Once these parameters have been determined, a subsidence profile can be produced as a line
of best fit between the points of maximum subsidence, inflection, goaf edge subsidence and
limit of subsidence. This method thus allows the approximate shape of subsidence profile to be
determined for a single isolated panel.

The predicted maximum tensile strain, compressive strain and tilt can be determined from the
maximum subsidence and depth of cover, using, respectively, factors obtained from the graphs
shown in Figs. 4.6, 4.7 and 4.10 of the DMR handbook (Holla and Barclay, 2000). The
predicted maximum curvatures can be derived from the predicted maximum strains using the
graph shown in Fig. 4.9 of the handbook.

The limit of subsidence is determined from the depth of cover and the angle of draw. The DMR
recommends a practical angle of draw of 26.5° for general use in the Southern Coalfield, and
hence the limit of subsidence would generally be positioned at half the depth of cover from the
perimeter of the extracted area.

Whilst the DMR method normally provides reasonable predictions of the maximum subsidence
above a series of longwall panels, it does not predict the subsidence profiles across a series of
panels and does not allow the variations in tilt, curvature and strain to be determined across a
series of longwalls. This method could not be used, therefore, to provide the detailed
predictions required for this study.

D3 The Incremental Profile Method

The Incremental Profile Method was developed by Mr. A.A. Waddington and Mr. D.R. Kay
during the course of a study for BHP Collieries Division, the Water Board and AGL during the
latter part of 1994 (Waddington and Kay, 1995). The purpose of the study was to develop an
empirical method which could be used to predict the subsidence, tilts, curvatures and strains
likely to be experienced as longwall mining occurred at Appin and Tower Collieries, and to
assess the likely effects of mining on surface infrastructure.

The first step in the development of the model was to study detailed records of subsidence
movements which had been observed over previous longwalls at Appin and Tower Collieries
and over longwalls at neighbouring mines, including Tahmoor, West Cliff, Cordeaux and South
Bulli Collieries. The measured subsidence data was plotted in a variety of ways to establish
whether or not any regular patterns of ground behaviour could be found. The most significant
patterns were illustrated in the shapes of the incremental subsidence parameters measured
along survey lines located transversely across the longwalls.

The incremental subsidence profile for each longwall was derived by subtracting the initial
subsidence profile (measured prior to mining the longwall) from the final subsidence profile
(measured after mining the longwall). The incremental subsidence profile for a longwall
therefore shows the change in the subsidence profile caused by the mining of the individual
longwall.

The consistency in the shapes of the incremental subsidence profiles led to the development of
the Incremental Profile Method. This consistency can be observed in the typical incremental
subsidence profiles presented in Figure D2

The Incremental Profile Method of prediction is based upon predicting the incremental
subsidence profile for each longwall in a series of longwalls and then adding the respective
incremental profiles to show the cumulative subsidence profile at any stage in the development
of a series of longwalls.

The incremental subsidence profiles are also used to derive incremental tilts, systematic
curvatures and systematic strains which can be added to show the transient and final values of
each parameter as a series of longwalls are mined.
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Profiles can be predicted in both the transverse and longitudinal directions, thus allowing the
subsidence, tilts, systematic curvatures and systematic strains to be predicted at any point on
the surface above a series of longwalls. The method also explains the development of
undulations that occur within the subsidence trough and allows the magnitude of both transient
and residual tilts and curvatures within the trough to be determined.
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Figure D2 Typical Incremental Subsidence Profiles — NSW Southern Coalfield

The model was initially tested by comparing the predicted values of subsidence, tilt, curvature
and strain against the measured values for a number of longwalls at Appin, Cordeaux, Tahmoor
and West CIiff Collieries. Following that study, the method was used to analyse and predict
subsidence over other longwall panels at Appin, South Bulli, Bulli, Corrimal, Tahmoor, Teralba,
North CIiff, Metropolitan, Tower and West CIiff Collieries. These studies found that the shapes
of the measured incremental profiles conformed to the patterns and magnitudes observed
during the initial 1994 study.

During 1996 and 1997, the method was extended for use in the Newcastle Coalfield. The
shapes of incremental profiles over extracted longwall panels at Cooranbong, West Wallsend,
Newstan, Teralba, and Wyee Collieries were studied and a subsidence model was developed
for the Cooranbong Life Extension Project. These studies have shown that the shapes of the
incremental profiles in the southern part of the Newcastle Coalfield conform to the patterns
observed in the Southern Coalfield. Since that study, the method has been used to analyse and
predict subsidence over other longwall panels at West Wallsend, Cooranbong, Wyong and
South Bulga Collieries.

The collection of additional data has allowed further refinement of the method and the database
now includes more than 450 measured examples. A wide range of longwall panel and pillar
widths and depths of cover is included within the database and hence, the shapes of the
observed incremental profiles in the database reflect the behaviour of typical strata over a broad
spectrum.
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Further research during the last few years has identified the shapes of the incremental profiles
in a number of multi-seam situations. These profiles are generally greater in amplitude than the
single seam profiles and differ in shape from the standard profiles over single seams.

The incremental profiles have been modelled in two halves, the point of maximum subsidence
being the point at which the two halves of the profile meet. A library of mathematically defined
profile shapes has been established, which allows the incremental profiles to be modelled,
depending on the width-to-depth ratio of the longwall and the position of the longwall in the
series.

The mathematical formulae that define the profile shapes are of the form given in Equation 1
below. The library of profile shapes simply comprises the values a to k in these formulae.

B a+cx+ex’ +gx’ +ixt +kx’
Equation 1 Y fbx+ax’ + i+ hxt iy’

Different formulae apply, with unique a to k values, for first, second, third, fourth, and fifth or
subsequent panels in a series, and for different width-to-depth ratios, within the range 0.3 to 5.0.
For second, third, fourth and fifth or subsequent panels, the left and right hand sides of the
profiles have different formulae.

The library of profile shapes thus contains a to k values for 693 different half-profile shapes for
single-seam mining situations. In addition the library contains 236 different half-profile shapes
for a range of multi-seam mining situations. A selection of model incremental subsidence
profiles for various width-to-depth ratios is shown in Figure D3.
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Figure D3 Incremental Subsidence Profiles obtained using the Incremental Profile
Method
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The method has a tendency to over-predict the subsidence parameters because a conservative
approach was adopted in preparing the graph that is used for predicting the maximum
incremental subsidence. Figure D4 shows the maximum incremental subsidence, expressed as
a proportion of seam thickness, versus panel width-to-depth ratio.

Since this graph is used to determine the amplitude of the incremental subsidence profile, any
over-prediction of the maximum subsidence value also leads to over-predictions of the tilt,
curvature and strain values. Once the geometry of a longwall panel is known, the shapes of the
two halves of the incremental subsidence profile of the panel can be determined from the
appropriate formulae to provide a smooth non-dimensional subsidence profile across the
longwall.

The actual incremental profile is obtained by multiplying vertical dimensions by the maximum
incremental subsidence value and horizontal dimensions by the local depth of cover. Smooth
tilt and curvature profiles are obtained by taking the first and second derivatives of the
subsidence profile. Strain profiles are obtained directly from the curvature profiles.
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Figure D4 Prediction Curves for Maximum Incremental Subsidence

It can be seen from Figure D3 that, as the panel width-to-depth ratio (W/H) decreases, the
magnitude of the incremental subsidence profile is reduced and the position of the point of
maximum subsidence moves closer to the previously extracted panels.

In order to determine strain values from the curvature profiles, it is necessary to select an
empirical relationship that will generally provide conservative results. The NCB Subsidence
Engineers Handbook (1975) adopts a relationship in which the reciprocal radius of curvature, K,
is equal to strain squared divided by 0.024.

This relationship does not provide a good fit when strains derived from predicted curvatures, are
compared with measured values. However, if a linear relationship of strain = 15 x curvature is
chosen, then a closer fit is achieved between predicted and observed data from the Southern
Coalfield. This equates to the bending strain in a beam of 30 metres depth, bending about its
centreline.

© MSEC | June 2014 | REPORT NUMBER: MSEC633 | Revision A 40



The relationship of 15 x curvature is also reasonably close to the graph of radius of curvature
versus maximum strain given in Figure 4.9 of the DMR’s handbook for the Southern Coalfield
(Holla and Barclay, 2000), for depths of cover between 300 metres and 400 metres. It will,
however, give lower values of strain for greater depths.

Predicted horizontal displacements in the direction of the prediction line (normal to the longwall),
can be derived by accumulating the predicted strains multiplied by the bay lengths, after
distributing any displacement closure errors over all bay lengths in proportion to the predicted
strains. Alternatively, the predicted horizontal ground movement profiles can be derived by
applying a proportionality factor to the predicted tilt profiles, which they resemble in both
magnitude and direction.

Experience has shown that the subsidence and tilt profiles predicted using the Incremental
Profile Method usually match the systematic observed profiles reasonably well. It is not
possible to match the predicted and observed curvature and strain profiles to the same
standard, due to the large amount of scatter generally found in the measured data. The range
of systematic strains is, however, adequately predicted.

The scatter in the strains is caused by random variations in stratigraphy, rock strength, fracture
characteristics and spacing of joints which dictate the way in which the near surface rocks will
respond as subsidence occurs. The scatter sometimes results in anomalous peaks of strain,
though in many cases these peaks can be predicted.

It should be remembered that the predicted strains obtained using the Incremental Profile
Method are the systematic strains, which can, in some cases, be exceeded by local anomalous
peaks of strain. In the Incremental Profile Method, such anomalous peaks of strain are dealt
with statistically.

The Incremental Profile Method provides a greater understanding of the mechanism of
subsidence over a series of panels and allows a detailed prediction of subsidence parameters
to be made for any point on the subsidence profile.

Other benefits of the Incremental Profile Method are as follows:

e The method can be used even where the seam thicknesses, pillar and panel widths and
depths of cover vary from panel to panel across a series of longwalls. This is possible
because the total subsidence predictions are an accumulation of incremental subsidence
profiles for each longwall, based on their individual panel and pillar widths, the seam
thickness and depth of cover and the position of each longwall within the series of
longwalls.

e After superimposing the influence of the incremental subsidence profiles for each
longwall it has been found, in the syntheses carried out to date, that the total subsidence
profiles are predicted quite accurately.

¢ Because the total subsidence profiles are well represented, this method provides
improved predictions of tilts, and general background or ‘systematic’ curvatures and
strains.

e The method can be used to model the effects of alternative mine layouts with different
pillar and panel configurations and to compare the impact of tilts, curvatures and strains
for each alternative.

e By varying the proposed widths of panels and pillars, it is possible to show the variations
in the predicted magnitude of the maximum total subsidence and the shape of the
subsidence trough.

Because of the inherent advantages of the Incremental Profile Method, this method has been
used to make the detailed subsidence predictions for this project.
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D4 Typical Subsidence Predictions

Typical predicted incremental and cumulative total subsidence, tilt and strain profiles over a

series of longwalls are shown in Figure D5. It can be seen that the subsidence parameters vary

throughout the subsidence trough.
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Figure D5 Typical Predicted Incremental and Total Subsidence, Tilt and Strain Profiles
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Subsidence predictions are generally made at points in a regular grid orientated parallel to and
at right angles to the centrelines of the longwalls. The points in the grid are generally positioned
10 metres to 20 metres apart, depending on the depth of cover, and extend outwards as far as
the limit of subsidence.

The predicted subsidence data is then used to develop a three-dimensional model of the
subsidence trough, from which subsidence contours are derived.

A typical longwall layout showing predicted subsidence contours over a series of four longwalls
is illustrated in Figure D6 The variations in these contours reflect the changes in seam
thickness and depths of cover from place to place over the area of the longwalls.

Figure D6 Typical Predicted Subsidence Contours over a Series of Longwalls
Timing and Direction of Predicted Tilts and Strains

It is generally found that the maximum tilts and strains within a mined area are aligned in the
transverse direction across the longwalls and occur after the longwalls are extracted. However,
there are some cases in which the maximum tilts and strains are not aligned in the transverse
directions. For example, at the ends of the longwalls the maximum tilts and strains are aligned
at right angles to the subsidence contours.

There are also instances where the maximum tilts and strains at a particular point occur during
the extraction of a particular longwall and are later reduced by extraction of subsequent
longwalls. Treatment of these cases is discussed below.

Travelling, Transient and Final Subsidence Parameters

The Incremental Profile Method allows subsidence parameters to be predicted at any point on
the surface when the longwall face is at any position in a panel, and hence for any:

¢ travelling scenario, during extraction of a longwall,
e transient scenario, following the extraction of each longwall, or
¢ final scenario, following the extraction of all longwalls in a series.

This is particularly relevant for assessing the impacts of curvature and strain on an item of
surface infrastructure, which can be greater at a travelling stage than on completion of mining a
particular longwall or all longwalls in a series.
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A review of subsidence data from several collieries in the Southern Coalfield, in particular West
Cliff Colliery, has indicated that the magnitude of the observed travelling strains in the
longitudinal direction are generally smaller than the observed transient or final longitudinal
strains over the ends of the longwalls.

Using the Incremental Profile Method, the travelling strains at any point in the subsidence
trough can be determined by taking into account the maximum predicted longitudinal strains
over the ends of each longwall, the maximum predicted incremental subsidence value for the
longwall and the predicted subsidence at the point of interest.

Tilts and Strains in the Transverse and Longitudinal Directions

The predicted maximum tilts and strains within the mined areas are, generally, those which are
aligned in the transverse direction across the longwalls. However, at the ends of the longwalls,
the maximum tilts and strains are at right angles to the subsidence contours, which can be
aligned in various directions relative to the longwalls. Also, in some cases, the travelling wave
that occurs during the extraction of each longwall can produce travelling longitudinal tilts and
strains which can be greater than the transverse values. These cases typically occur at those
points within the subsidence trough at which maximum subsidence is developed.

At points where it is found that longitudinal tilts and strains are greater than those in the
transverse direction, it is extremely rare for these tilts and strains to be greater at a transient
stage than on completion of mining. There may be isolated cases where the maximum tilts and
strains are aligned in a diagonal direction to the orthogonal axes of the longwalls. In such
cases, the magnitude of these tilts and strains will exceed the transverse and longitudinal
values by a small proportion only and are unlikely to influence the final assessment of potential
damage or development of management plans to mitigate this potential damage.

Statistical Analysis of Curvature and Strain

The peak values of curvature and strain that have frequently been noted along measured
monitoring lines have generally been found to be localised effects associated with escarpments,
river valleys, creek alignments or geological anomalies. Consequently, many of them are
predictable.

A histogram of measured strains at Appin Colliery, where the depth of cover is approximately
500 metres, is shown in Figure D7.
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Figure D7 Graph showing Histogram of Strain Occurrences at Appin Colliery

It can be seen that the majority of the measured strains were between 1.5 mm/m, tensile, and
2.0 mm/m, compressive, with approximately 2% to 3% of all strains lying in the range 2.0 mm/m
to 5.5 mm/m. Very few of the measured strains exceeded 5.5 mm/m.

Higher values of measured strain can also arise from buckling of near-surface strata at shallow
depths of cover, from disturbance of survey pegs and from survey errors. There are, therefore,
some anomalies that cannot be predicted and it has to be accepted that there is a small risk of
peak values of strain and curvature occurring, at some point, in addition to the predicted
systematic background strains and the predictable local peaks. It is preferable to deal with such
anomalies on a statistical basis and wherever measured records are available, frequency
analyses should be prepared in order to determine the likely incidence of such occurrences.
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APPENDIXE DRAWINGS |

This Appendix includes the following Drawings:

Drawing No. Description
MSEC633-01, Rev.
MSEC633-02, Rev.
MSEC633-03, Rev.
MSEC633-04, Rev.
MSEC633-05, Rev.
MSEC633-06, Rev.
MSEC633-07, Rev.

Location Plan

General Layout

Surface Level Contours and Natural Features
Bulli Seam Depth of Cover Contours

Bulli Seam Thickness Contours

Geological Structures

> > » > > r >

Surface Infrastructure
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(_rj cal“dno& Subsidence Impact Assessment

Proposed Residential Development at Mount Gilead

1 Introduction

The following Subsidence Impact Assessment has been prepared by Cardno NSW/ACT P/L (Cardno) for the
proposed Mount Gilead residential development, located south of Sydney between Campbelltown and
Appin. The assessment was commissioned by Daniel Nay, on behalf of Lendlease Communities (Mt Gilead)
P/L (Lendlease).

Cardno have undertaken review of a previous impact assessment for the site and consulted with Subsidence
Advisory NSW (SA NSW) in regards to the proposed development. Further to the review and discussions,
this assessment has been prepared to detail potential impacts of mine subsidence to the proposed Mount
Gilead development. Recommended control measures are also provided to ensure the development
infrastructure remain safe, serviceable and repairable.

The following relevant documentation has been provided to Cardno for the purpose of this assessment:

Potential mine subsidence impacts report by MSEC (previous assessment), reference MSEC633
Revision A dated June 2014 [1];

Subsidence Advisory NSW (SA NSW) Notice of Determination’s for the proposed 5 lot subdivision
(application no. TSUB17-03589P1) and for proposed site works including bulk earthworks (application
no.TBA18-00301).

Request for information letter (and attached figure) from South32 lllawarra Coal addressed to SA NSW,
dated 11 April 2018.

It is understood the proposed development comprises approximately 1700 residential allotments over
several stages and precincts, internal roads and associated infrastructure including gravity stormwater /
sewer utilities (gravity infrastructure).

Recommendations presented in the following report are intended for use by SA NSW in the consideration of
future Development Application referrals for the Mount Gilead Development, and to amend current
requirements listed in the referenced Notice of Determination’s (TSUB17-03589P1 & TBA18-00301).

2 Review of Background Information

2.1 Site Topography & Geological Setting

The Mount Gilead development site is located to the south west of the suburbs of Rosemeadow and St
Helens Park, immediately to the west of Appin Road.

Topographically the site is situated in gently undulating terrain, on generally north west facing side slopes of
a broad flat ridgeline. The ridgeline is roughly south to north trending, coincident with adjacent Appin Road,
with ridge side slopes falling to the east towards the Georges River and west to the Nepean River.

Majority of the site surfaces face the north west at approximate grades in the order of 5%, excluding a large
hill in the north western corner. Steeper slopes descend from the hill crest in the order of 10%-20%. Figure 1
attached in Appendix A shows existing site contours within the development area.

The geological setting of the area and specific geological conditions have been documented in the previous
MSEC assessment [1], and are summarised below.

Site situated in the Southern Coalfield, in the southern part of the Sydney Basin of which contains the
lllawarra Coal Measures.

The lllawarra Coal Measures contain four workable seams, with the Bulli Seam the uppermost.

Overburden units comprise the Narrabeen Group (lowest division) being up to 310 m in thickness,
overlain by the Hawkesbury Sandstone of up to 185 m thickness.

Overburden materials are of sedimentary origin, comprising sandstone, shale and claystone rock types
with sandstone being the predominant rock type.

The uppermost Bulli Seam is at a depth of approximately 500-590 m below ground surface, and varies in
thickness from 2.5-3.5 m.
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Multiple (up to seven) south east to north west trending faults of varying length intersect the site (fault
swarm), which are identified on Figure 2 attached as Appendix A (as adapted from South32 lllawarra
Coal letter).

2.2 Previous MSEC Assessment

The previous MSEC assessment conducted in 2014 [1] provided predicted subsidence parameters and
typical subsidence profiles based on future longwall mining of the Bulli Seam.

Detailed mine layout plans were not available at the time of previous assessment (and are not currently
available), and as such assumed longwall and chain pillar dimensions were adopted. Maximum subsidence
parameters were calculated and presented in the assessment [1], along with typical incremental, cumulative
and final subsidence profiles.

The previously recommended design parameters for design of buildings and infrastructure within the
development were:

Vertical Subsidence 1400 mm

Tilt 7.0 mm/m
Tensile Strain +1 mm/m
Compressive Strain -2.5 mm/m
Hogging Curvature 13.6 km radius
Sagging Curvature 6.4 km radius

Cardno notes that the subsidence parameters recommended in the previous assessment [1] are worst case
‘instantaneous’ surface deflection parameters. The vertical subsidence of 1400 mm is shown in the
subsidence profile (adapted in Figure 3 attached in Appendix A) over a prediction line distance of 4 km, with
no comment made on shorter prediction lengths that could apply to shorter lengths of linear infrastructure.
The tilt of 7.0 mm/m is considered to represent the worst possible instantaneous tilt, at the point of inflection
between the hogging and sagging subsidence curves.

Adoption of these parameters for design of linear gravity infrastructure is considered to be overly
conservative, and Cardno have calculated revised subsidence parameters (in Section 4 below) based on
significantly shorter lengths than the 4km long prediction.

2.3 Existing & Proposed Mining

Based on information available to Cardno, coal seams beneath the development site have not been worked
in the past, nor is the site underlain by any registered mines.

With reference to the supplied letter from South32 lllawarra Coal, existing longwall mine workings are
located to the south of the development site. The workings are offset from the southern development
boundary by approximately 1.5 km, and are oriented south east to north west.

The geological faulting mentioned in 2.1 is restrictive to underground longwall mining, and areas within the
proposed development significantly impacted by faults are not considered economically or technically viable
to mine. The site has been therefore divided into two portions, Area A which is significantly affected by
faulting and would therefore not be mined in the future, and Area B that is not substantially impacted by
faulting and could potentially be mined in the future.

The approximate extents of the areas are shown below in Figure 2-1, and attached as Figure 2 in Appendix
A for clarity.
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Figure 2-1 Approximate Extent of Area A and Area B
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3 Proposed Development

The proposed development covers Lots 1-3 DP 1240836, Lot 61 DP752042 and part of Lots 4-5 DP
1240836 Appin Road, Gilead.

Figure 1 attached in Appendix A shows the subdivision layout at the time of preparation of this assessment,
which includes:

Approximately 1700 residential allotments;

Upgrade of Appin Road and collector roads turning off Appin Road providing access to the development;
Internal road network;

Stormwater management detention and bio-retention basins; and

Associated utilities including gravity stormwater and sewer infrastructure.

4 Revised Subsidence Parameters — Area B

Cardno have undertaken review of the previous assessment [1] as discussed, with revised parameters
applicable for linear infrastructure in Area B presented below.

Vertical Subsidence 1400 mm
Tilt 3.0 mm/m
Tensile Strain +0.5 mm/m
Compressive Strain -1.5 mm/m

The parameters are applicable for Area B which could potentially be mined, and are discussed further in
Sections 4.1-4.2 below. The parameters from previous assessment [1] would be applicable for residential
dwellings in Area B that could be undermined.

Subsidence parameters are not applicable to Area A where future mining would not occur, and structures
could be designed in accordance with relevant guidelines without including tolerances for mine subsidence.

4.1 Vertical Subsidence

The predictive graphs presented in ‘Surface Subsidence Prediction in the Southern Coalfield’ by L. Holla [2]
(Holla method) have been utilised to calculate vertical subsidence. Utilising the previously adopted
dimensions and considering a range of seam thicknesses, vertical subsidence in the range of 1100 mm to
1500 mm has been calculated by Cardno.

Considering the limited impact of vertical subsidence on structures such as residential dwellings (in
comparison to tilts and strains), and the typical site grades of >5%, adoption of an upper bound vertical
subsidence of 1400 mm/m is considered reasonable for the development.

4.2 Tilt

The subsidence profile provided in the previous assessment [1] has been analysed to provide an indication
of tilt over a shorter length at the ground surface. A nominal length of 100 m has been considered based on
typical sewer manholes and stormwater pit spacing’s.

By transposing the nominal 100 m length onto the subsidence profile at the point of inflection (where
maximum tilt occurs), a revised highest average tilt of 3 mm/m has been interpreted. The transposition is
presented in Figure 3 attached in Appendix A.

Adoption of the revised tilt parameter is considered appropriate based on dimensions of residential dwellings
and distance between constraints along gravity infrastructure, with further discussion provided in Section 5
below.
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5 Subsidence Impacts & Control Measures — Area B

Discussion of mine subsidence impacts to the proposed development are discussed below, with reference to
the revised calculated and recommended subsidence parameters presented herein. As discussed,
subsidence impacts would only be anticipated in Area B which has the potential to be mined.

51 Vertical Subsidence

As noted in Section 2.1, slopes at the site generally grade to the north west in the order of 5%, and steeper
in the north western corner at 10%-20% (refer Figure 1 attached in Appendix A).

In the event that the maximum subsidence of 1400 mm developed anywhere on the site, the natural grades
are such that the overall site surfaces would still fall generally to the north west. Depressions and low points
resulting in ponding of surface water would therefore not develop. The site grades would also eliminate
impacts from vertical subsidence on suitable operation of gravity reliant infrastructure, as minimum grades
would still be maintained.

Control measures are therefore not considered to be required from a vertical subsidence impact perspective.

5.2 Tilts & Strains

As noted, tilts, curvatures and strains are the primary cause of damage to buildings and infrastructure, and
as such the revised parameters have been considered in detail.

The revised tilt value of 3.0 mm/m for a shorter length of 100 m has been utilised, along with the previously
recommended maximum instantaneous tilt of 7.0 mm/m.

Tilt resulting from mine subsidence could impact the longitudinal grade of gravity infrastructure, however
would only be minor (i.e. 0.3% for a 100 m length).

To accommodate potential impacts to longitudinal grade in the event of subsidence, Cardno propose to
design all gravity infrastructure with additional cover depth so that short lengths could be adjusted whilst
maintaining the infrastructure minimum cover requirements.

The additional cover depth required has been calculated as follows:

Maximum Possible Mine

Subsid Induced Surf _Average Mine Subsidence Length Required for _ Additional Cover
Gl:agzla ence Induced surtace Induced Surface Grade Grade Adjustment ~  Depth Required
7 mm/m - 3mm/m X 20m = 80mm

The calculation shows an additional cover depth of 80 mm would be required, and a slight increase to a
nominal 100 mm additional cover is recommended to provide a factor of safety and ease of construction. The
additional cover is not considered an unreasonable construction cost, and would ensure appropriate repair
could be undertaken in the event of subsidence.

Likely damage from tilts and strains would be localised to small areas of the site on edges of the subsidence
trough where the worst case ground tilt and strain parameters apply. Repair could be conducted through
lifting and relaying short sections of gravity infrastructure and possibly adjustment / reconstruction of
localised pits to re-establish the minimum pipe grades.

The previously calculated tilt of 7.0 mm/m would be applicable for design of structures within Area B that
could potentially be undermined.

5.3 Existing Nearby & Potential Future Mining

Potential impacts on the development from the existing South32 lllawarra Coal workings have been
considered, which are offset by approximately 1.5 km from the southern development boundary as
mentioned.

Using an angle of draw of 26.5° and an approximate depth to workings of 580 m, effects on the ground
surface would be offset by a considerable distance from the development, in the order of 1.2 km from the
southern boundary.
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Given the south east to north west orientation of the workings, any effect on the ground surface from future
workings is expected to be suitably offset from the development.

In assessing subsidence impacts to the proposed development, the likelihood of mining in proximity to and
beneath the site must be considered. The geological faulting would be restrictive to future mining, given the
extent, orientation and nature of the faults. The faults are noted to have throws (or vertical separation) of as
high as 60 m, which would render mining of adjacent coal seam/s uneconomical.

The presence of geological faulting provides discontinuities in horizontally bedded sedimentary strata,
forming a restrictive feature to development of subsidence. The faulting substantially lowers / eliminates the
risk of subsidence occurring at the site given the unlikely possibility of mining occurring, and in any case
would reduce the impacts of subsidence indicated by the parameters provided herein.

6 Summary of Conclusions

Subsidence impact assessment has been undertaken for the proposed Mount Gilead residential
development situated over Lots 1-3 DP 1240836, Lot 61 DP752042 and part of Lots 4-5 DP 1240836 Appin
Road, Gilead.

The site has been divided into two areas:

Area A — where mining would not occur due to the presence of geological faulting, and accordingly mine
subsidence parameters are not required to be adopted; and

Area B — where mining may occur, and subsidence parameters are required to be adopted for residential
dwellings and linear infrastructure.

Subsidence parameters presented in previous assessment conducted by MSEC [1] have been reviewed to
determine the impacts of subsidence to buildings and infrastructure within Area B, particularly short lengths
of gravity reliant infrastructure.

Revised parameters have been calculated by Cardno, with notable reductions in tilts and strains considering
the proposed infrastructure and the previously presented ground subsidence profile. A maximum vertical
subsidence of 1400 mm and tilt of 3.0 mm/m are considered suitable parameters. The revised tilt of 3.0
mm/m has been calculated for a 100 m length at the point of inflection where the maximum tilt would
hypothetically occur.

Considering the natural site slopes, vertical subsidence impacts to the ground surface in Area B would not
result in unsuitable surface grades (i.e. depressions) or on the operation of gravity reliant infrastructure.

The site slopes also limit impacts from maximum tilt on development infrastructure, and an additional cover
depth of 100 mm is proposed within Area B to allow repair of gravity infrastructure in the unlikely event of
subsidence. The additional cover would allow in service adjustment of linear gravity utilities, whilst
maintaining the minimum infrastructure cover requirements, and would ensure the infrastructure is safe,
serviceable and repairable.

Residential buildings within Area B would remain safe, serviceable and repairable if they are designed in
accordance with appropriate standards and the revised parameters presented herein.

The South32 lllawarra Coal workings to the south of the site are of suitable offset from the development to
ensure no impacts from subsidence would occur at the site.

In summary, Cardno recommends the following for the proposed subdivision works and future residential
dwelling construction:

Area A — subsidence parameters not applicable or required to be adopted given the inability to mine
beneath the area; and

Area B — previously recommended parameters appropriate for design of residential dwellings (7.0 mm/m
tilt) and revised parameters appropriate for linear infrastructure (3.0 mm/m tilt).
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