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1.0 INTRODUCTION

11. Background

Wambo Coal Pty Limited (WCPL) operates the Wambo Coal Mine, which is located in the Hunter
Coalfield of New South Wales (NSW). The mine was approved under Part 4 of the Environmental
Planning and Assessment Act 1979, in February 2004, and through subsequent modifications. WCPL
has approval to extract longwalls in the Whybrow, Wambo, Woodlands Hill and Arrowfield Seams.

WCPL has completed the extraction of Longwalls 11 to 13 in the Whybrow Seam (WYLW11 to
WYLW13) and Longwalls 14 to 16 in the Wambo Seam (WMLW14 to WMLW16) at the South Bates
Underground Mine mining area of the Wambo Coal Mine.

WCPL has an approved Extraction Plan for Longwalls 17 to 20 in the Whybrow Seam (WYLW17 to
WYLW20) at the South Bates Extension Underground Mine. These longwalls are located to the north-
west of the completed longwalls at the South Bates Underground Mine.

Mine Subsidence Engineering Consultants (MSEC) previously prepared Report No. MSEC935

(Rev. A) that provided the subsidence predictions and impact assessments for WYLW17 to WYLW20
in support of the Extraction Plan Application. The longwall layout adopted in Report No. MSEC935
and the Extraction Plan is referred to as the Previous Layout in this report.

WCPL now proposes to shorten the finishing (i.e. north-eastern) ends of WYLW17 to WYLW20. The
longwall layout that includes the proposed shortened finishing ends of these longwalls is referred to as
the Modified Layout in this report. This subsidence report provides information that will support the
Extraction Plan Amendment Application for the shortened finishing ends of WYLW17 to WYLW20.

1.2. Mining geometry

The Previous and Modified Layouts are overlaid in Drawings Nos. MSEC1012-01 and MSEC1012-02,
in Appendix B. A summary of the dimensions for WYLW17 to WYLW20 is provided in Table 1.1.

Table 1.1 Dimensions of WYLW17 to WYLW20

Overall void length

includin Overall void width Overall tailgate
Layout Longwall . . 9 including first chain pillar width
installation heading .
workings (m) (m)
(m)

WYLW17 1510 261 -

Previous Layout WYLW18 1530 261 31
(MSEC935) WYLW19 1675 261 30
WYLW20 1695 261 31

WYLW17 1485 261 -

Modified Layout WYLW18 1390 261 31
(MSEC1012) WYLW19 1465 261 30
WYLW20 1485 261 31

The finishing (i.e. north-eastern) ends of WYLW17, WYLW18, WYLW19 and WYLW20 are proposed
to be shortened by 25 m, 140 m, 210 m and 210 m, respectively, from the lengths that were indicated
in Report No. MSEC935 and the Extraction Plan. The lengths of longwall extraction (i.e. excluding the
installation heading) are approximately 9 m shorter than the overall void lengths indicated in Table 1.1.

The longwall widths and the chain pillar widths for WYLW17 to WYLW20 are not proposed to be
modified. The widths of the longwall extraction faces (i.e. excluding the first workings) are
approximately 11 m narrower than the overall void widths indicated in Table 1.1.

The longwalls will be extracted from the south-west towards the north-east, i.e. towards the Montrose
Open Cut Pit.
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1.3. Surface and seam levels

The surface and seam levels along a Cross-section transverse to the north-eastern ends of WYLW17
to WYLW20 and the completed WYLW11 to WYLW13 and WMLW14 to WMLW16 at the South Bates
Underground Mine are illustrated in Fig. 1.1. The surface and seam levels along a Long-section
through the finishing end of WYLW18 are illustrated in Fig. 1.2. The locations of these sections are
shown in Drawings Nos. MSEC1012-03 to MSEC1012-05. The Study Area is defined in Section 3.1
and it represents the area on the surface that is affected by the proposed modifications to the longwall
finishing ends.
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Fig. 1.1 Surface and seam levels along the Cross-section through WYLW17 to WYLW20
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Fig. 1.2 Surface and seam levels along the Long-section through the finishing end of WYLW18

The surface level contours are shown in Drawing No. MSEC1012-03. The natural surface dips from
the south-west towards the north-east. The land within the Study Area drains into the North Wambo
Creek Diversion. The Montrose Open Cut Pit is located on the far side of the creek diversion.

The depth of cover contours for the Whybrow Seam are shown in Drawing No. MSEC1012-04. The
depths of cover above the previous and modified finishing ends of WYLW17 to WYLW20 vary
between 45 m and 75 m. The seam dips away from the Montrose Open Cut Pit and, therefore, the
depths of cover are shallowest at the longwall finishing ends.

The seam thickness contours for the Whybrow Seam and the proposed extraction heights are shown
in Drawing No. MSEC1012-05. The seam thickness at the longwall finishing ends varies between
1.6 m and 2.8 m. The proposed extraction heights vary from less than 2.8 m up to 3.0 m.

The geological structures identified at seam level are shown in Drawing No. MSEC1012-06.
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There is a series of north to south trending faults through WYLW17 and WYLW18 that have throws up
to 1 m. The Ares Fault is located adjacent to the previous finishing ends of WYLW17 to WYLW20 that
has a throw up to 3 m.

South-west to north-east trending faults are also present between the tailgate of WYLW17 and the
completed WYLW11 to WYLW13 at the South Bates Underground Mine. These minor faults have
throws up to approximately 5 m.

No adjustment factors have been applied in the subsidence prediction model for these minor faults, as
the longwalls are generally supercritical in width and, therefore, are predicted to achieve the maximum
subsidence for single-seam mining conditions. These faults could result in slightly increased
subsidence adjacent to the longwalls, above solid coal, but this low-level subsidence is not predicted
to be associated with significant tilts, curvatures or strains.

The surface lithology above the finishing (i.e. north-eastern) ends of WYLW17 to WYLW20 generally
comprises the Jerrys Plains Subgroup of the Wittingham Coal Measures. However, the surface has
been modified adjacent to these longwalls by the construction of the North Wambo Creek Diversion,
which included excavation and the placement of backfill. It is not expected that the predicted
subsidence movements in this location would be affected by these surface earthworks.

Further information on the overburden lithology and the identified geological structures is provided in
Report No. MSEC935 and the Extraction Plan.
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2.0 THE EFFECTS OF THE MODIFIED FINISHING ENDS OF WYLW17 TO WYLW20 ON THE

MAXIMUM PREDICTED SUBSIDENCE PARAMETERS

2.1. The Incremental Profile Method

The Incremental Profile Method (IPM) has been used to predict the subsidence effects due to the
extraction of the existing longwalls at the South Bates Underground Mine and the current longwalls at
the South Bates Extension Underground Mine.

The ground movements were monitored during the extraction of WYLW11 to WYLW13 in the
Whybrow Seam. The monitoring comprised three ground survey lines (7XL-Line, CL11B-Line and
CL13B-Line) and LiDAR surveys. Comparisons between the measured and predicted movements for
WYLW11 to WYLW13 were provided in the subsidence summary reviews in Reports Nos. MSEC866,
MSEC886 and MSEC916.

The measured and predicted vertical subsidence for the 7XL-Line, due to the extraction of WYLW11 to
WYLW13, are illustrated in Fig. 2.1. The measured profile of vertical subsidence (i.e. green line)
reasonably matches the predicted profile (i.e. red line).
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Fig. 2.1 Measured and predicted vertical subsidence along the 7XL-Line due to the extraction of

WYLW11 to WYLW13 at the South Bates Underground Mine

The maximum measured vertical subsidence along the 7XL-Line was less than the maximum
predicted value. The ratio of the maximum measured to maximum predicted vertical subsidence was
0.86 above WYLW11, 0.87 above WYLW12 and 0.85 above WYLW13. The values of the measured
vertical subsidence above the chain pillars were similar to the predicted values.

The measured profile of tilt reasonably matched the predicted profile. The measured profile of
curvature was irregular (i.e. more erratic) due to survey tolerance, localised irregular ground
movements and possibly due to disturbed survey marks. The measured zones of hogging curvature
and sagging curvature reasonably matched the predicted zones. The maximum measured tilt and
curvatures were similar to the maximum predicted values.

The observations for the other ground monitoring lines above WYLW11 to WYLW13 were similar to
that described above for the 7XL-Line. It was considered, therefore, that the IPM provided predictions
that were consistent with the measurements and that it was not necessary to re-calibrate the model
based on the monitoring data for the Whybrow Seam.
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2.2. Maximum predicted conventional subsidence parameters

The IPM was previously used to predict the conventional subsidence effects due to the extraction of
WYLW17 to WYLW20, based on the Previous Layout, and these were provided in Report No.
MSEC935. The IPM has now been used to predict the conventional subsidence effects for these
longwalls based on the Modified Layout.

The magnitudes of the predicted subsidence effects vary considerably across the mining area due to
the wide range of depths of cover to the Whybrow Seam. The maximum predicted subsidence effects
occur at the finishing ends of WYLW17 to WYLW20, where the depths of cover are the shallowest.

A summary of the maximum predicted values of incremental vertical subsidence, tilt and curvatures
due to WYLW17 to WYLW20, based on the Previous and Modified Layouts, is provided in Table 2.1.
The incremental parameters represent the additional movements due to the extraction of each of the
longwalls within the series.

Table 2.1 Maximum predicted incremental vertical subsidence, tilt and curvatures based on
the Previous and Modified Layouts

Maximum Maximum Maximum
predicted Maximum predicted predicted
Lavout Lonawall incremental predicted incremental incremental

y 9 vertical incremental tilt hogging sagging

subsidence (mm/m) curvature curvature
(mm) (km-1) (km-1)
WYLW17 1850 70 >3.0 >3.0
(MSEC935) WYLW19 1725 80 >3.0 >3.0
WYLW20 1725 90 >3.0 >3.0
WYLW17 1850 60 > 3.0 > 3.0
Modified Layout WYLW18 1850 60 >3.0 >3.0
(MSEC1012) WYLW19 1725 60 >3.0 >3.0
WYLW20 1725 70 > 3.0 >3.0

The maximum predicted incremental vertical subsidence for each of WYLW17 to WYLW20, based on
the Modified Layout, are the same as the maximum predicted values based on the Previous Layout.
The incremental values do not change as the longwalls are all supercritical in width and, therefore,
they develop the maximum achievable subsidence for single-seam mining conditions of 60 % to 65 %
of the mining height.

The maximum predicted incremental tilts for each of WYLW17 to WYLW20, based on the Modified
Layout, are less than the maximum predicted values based on the Previous Layout. The predicted
tilts reduce due to the proposed modifications, as the minimum depths of cover above each of the
longwalls increase because of the shortened finishing ends.

The maximum predicted incremental curvatures for each of WYLW17 to WYLW20 are greater than
3.0 km™ (i.e. minimum radius of curvature less than 0.3 km) based on both the Previous and Modified
Layouts. These curvatures are very localised and therefore do not necessarily represent the overall
(i.e. macro) ground movements. The magnitudes of the localised curvatures greater than 3.0 km™’
become less meaningful and, therefore, the specific values have not been presented.

The predicted curvatures reduce due to the proposed modifications, as the minimum depths of cover
above each of the longwalls increase because of the shortened finishing ends. Whilst specific values
have not been presented, the predicted incremental curvatures for each of WYLW17 to WYLW20,
based on the Modified Layout, are between 60 % and 90 % of the maximum predicted values based
on the Previous Layout.

Whilst the maximum predicted incremental subsidence effects reduce or do not change, the locations
of the predicted longitudinal tilts and curvatures move due to the proposed modifications to the
longwall finishing ends. The maximum predicted longitudinal tilts and curvatures for WYLW17,
WYLW18, WYLW19 and WYLW20 move towards the south-west by distances of approximately 25 m,
140 m, 210 m and 210 m, respectively, due to the proposed modifications.
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The predicted total subsidence contours after the extraction of WYLW17, WYLW18, WYLW19 and
WYLW20, based on the Modified Layout, are shown in Drawings Nos. MSEC1012-09, MSEC1012-10,
MSEC1012-11 and MSEC1012-12, respectively. The predicted 20 mm subsidence contours, based
on the Previous Layout, are also shown in these drawings for comparison.

A summary of the maximum predicted values of total vertical subsidence, tilt and curvatures due to
WYLW17 to WYLW?20, based on the Previous and Modified Layouts, is provided in Table 2.2. The
total parameters represent the maximum predicted accumulated movements directly above WYLW17
to WYLW20, i.e. not including the completed WYLW11 to WYLW13 and WMLW14 to WMLW16 at the
nearby South Bates Underground Mine.

Table 2.2 Maximum predicted total vertical subsidence, tilt and curvatures based on the
Previous and Modified Layouts

Maximum Maximum Maximum
predicted total Maximum predicted total predicted total
Layout Longwalls vertical predicted total hogging sagging
subsidence tilt (mm/m) curvature curvature
(mm) (km-1) (km1)
Previous Layout WYLWA17 to
(MSEC935) WYLW20 1950 90 >3.0 > 30
Modified Layout WYLWA17 to
(MSEC1012) WYLW20 1950 70 >3.0 >3.0

The maximum predicted total vertical subsidence is 1950 mm, based on both the Previous and
Modified Layouts, and it represents 65 % of the maximum extraction height of 3.0 m. The maximum
predicted vertical subsidence does not change, due to the proposed modifications, as the longwalls
are supercritical in width.

The maximum predicted total tilt is 90 mm/m (i.e. 9 % or 1 in 11) based on the Previous Layout and
70 mm/m (i.e. 7 % or 1 in 14) based on the Modified Layout. The maximum predicted tilt occurs above
the finishing end of WYLW20, where the depth of cover is shallowest.

The maximum predicted total curvatures are greater than 3.0 km' (i.e. minimum radius of curvature
less than 0.3 km) based on both the Previous and Modified Layouts. Whilst specific values have not
been presented, the maximum predicted total hogging and sagging curvatures, based on the Modified
Layout, are 65 % and 70 % of the respective values based on the Previous Layout.

The predicted profiles of total vertical subsidence, tilt and curvature along Prediction Line 1 are shown
in Fig. A.01, in Appendix A, based on both the Previous and Modified Layouts. This prediction line is
transverse to WYLW17 to WYLW20, near the finishing ends of these longwalls, as shown in Drawings
Nos. MSEC1012-09 to MSEC1012-12. The predicted profiles after the completion of WYLW11 to
WMLW16 are shown as the cyan lines. The predicted profiles after the extraction of WYLW17 to
WYLW20 are shown as the blue lines based on both the Previous and Modified Layouts.

The surface area located within the predicted limit of vertical subsidence (i.e. predicted total 20 mm
subsidence contour) due to WYLW17 to WYLW?20 is 197 hectares (ha) based on the Previous Layout
and 180 ha based on the Modified Layout. That is, the surface area affected by the mining of these
longwalls reduces by 17 ha due to the proposed modifications to the longwall finishing ends.

2.3. Predicted strains

The prediction of strain is more difficult than the predictions of subsidence, tilt and curvature. The
reason is that strain is affected by many factors, including ground curvature and horizontal movement,
as well as local variations in the near surface geology, the locations of pre-existing natural joints at
bedrock and the depth of bedrock. Survey tolerance can also represent a substantial portion of the
measured strain, in cases where the strains are of a low order of magnitude. The profiles of observed
strain, therefore, can be irregular even when the profiles of observed subsidence, tilt and curvature are
relatively smooth.
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It has been found that, for single-seam mining conditions, applying a constant factor to the predicted
maximum curvatures provides a reasonable prediction for the maximum normal or conventional
strains. The locations that are predicted to experience hogging or convex curvature are expected to
be net tensile strain zones and locations that are predicted to experience sagging or concave
curvature are expected to be net compressive strain zones.

In the Hunter Coalfield, it has been found that a factor of 10 provides a reasonable relationship
between the predicted maximum curvatures and the predicted maximum conventional strains for
single-seam conditions. The maximum predicted strains, therefore, are greater than 30 mm/m above
the longwall finishing ends.

At a point, however, there can be considerable variation from the linear relationship, resulting from
non-conventional movements or from the normal scatters which are observed in strain profiles. When
expressed as a percentage, observed strains can be many times greater than the predicted
conventional strain for low magnitudes of curvature.

The range of potential strains above for WYLW17 to WYLW20 has been determined using monitoring
data from the previously extracted longwalls in the Hunter and Newcastle Coalfields, where the mining
geometry is reasonably similar to that for the longwalls. The depths of cover near the finishing (i.e.
north-eastern) ends of WYLW17 to WYLW20 vary between 45 m and 75 m. The width-to-depth ratios
are greater than 1.4 and, therefore, the longwalls are supercritical in width.

The measured ground strains have been analysed for monitoring lines from the Hunter and Newcastle
Coalfields, where the longwalls have been supercritical in width and where the depths of cover are
less than 100 m. The available monitoring lines have been analysed to extract the maximum tensile
and compressive strains that have been measured at any time during mining, for survey bays that
were located directly above goaf or the chain pillars that are located between the extracted longwalls.
A number of probability distribution functions were fitted to the empirical data. It was found that a
Generalised Pareto Distribution (GPD) provides a good fit to the raw strain data.

The histograms of the maximum observed tensile and compressive strains measured for the survey
bays located directly above goaf, for previously extracted supercritical longwalls in the Hunter and
Newcastle Coalfields at depths of cover less than 100 m, are provided in Fig. 2.2. The probability
distribution functions, based on the fitted GPDs, have also been shown in this figure.
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Fig. 2.2 Distributions of the measured maximum tensile and compressive strains for survey

bays located above supercritical longwalls at depths of cover less than 100 m
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Confidence levels have been determined from the empirical strain data using the fitted GPDs. In the
cases where survey bays were measured multiple times during the longwall extraction, the maximum
tensile strain and the maximum compressive strain were used in the analysis (i.e. single tensile strain
and single compressive strain measurement per survey bay).

The 95 % confidence levels for the maximum strains that the individual survey bays experienced at
any time during mining are 12 mm/m tensile and 18 mm/m compressive. The 99 % confidence levels
for the maximum strains that the individual survey bays experienced at any time during mining are
greater than 28 mm/m tensile and greater than 30 mm/m compressive.

2.4. Predicted valley related effects

The predicted valley related effects along the streams have been determined using the methods
outlined in ACARP Research Project No. C9067, which were published in the handbook entitled
“Management Information Handbook on the Undermining of Cliffs, Gorges and River Systems”, issued
in September 2002. Details on the ACARP Method are provided in the background report entitled
“General Discussion on Mine Subsidence Ground Movements” which can be obtained from
www.minesubsidence.com.

2.5. Mining-induced ground deformations

Longwall mining results in surface cracking, heaving, buckling, humping and stepping at the surface.
The range of sizes of these surface deformations reduce or do not change due to the proposed
modifications to the finishing ends of WYLW17 to WYLW20.

The surface area affected by mine subsidence reduces due to the proposed modifications. The
surface area located directly above WYLW17 to WYLW20, including the chain pillars, was 181 ha
based on the Previous Layout and is 164 ha based on the Modified Layout. That is, the surface area
directly above the longwalls reduces by 17 ha due to the proposed modifications to the longwall
finishing ends.

The overall level of impact due to the mining-induced surface deformations reduces due to the
proposed modifications to the finishing ends of WYLW17 to WYLW20. Further discussions on the
mining-induced ground deformations are provided in Section 4.7 of Report No. MSEC935.
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3.0 THE EFFECTS OF THE MODIFIED FINISHING ENDS ON THE PREDICTIONS AND IMPACT

ASSESSMENTS FOR THE NATURAL AND BUILT FEATURES

3.1. The Study Area

The Study Area has been defined as the zone where the predicted mine subsidence effects, based on
the Modified Layout, are different to those predicted based on the Previous Layout. The Study Area
has been based on the following:

e 26.5° angle of draw line from the finishing ends of WYLW17 to WYLW20, based on both the
original position (i.e. Previous Layout) and the modified position (i.e. Modified Layout); and

o the limit where the change in the predicted total vertical subsidence, due to the proposed
modifications to the longwall finishing ends, is greater than 20 mm.

The extent of the Study Area is shown in Drawings Nos. MSEC1012-01 and MSEC1012-02. There
are natural and built features that are located within the Study Area, and these are shown in Drawings
Nos. MSEC1012-07 and MSEC1012-08. There are also other features that are located outside this
area, which could experience far-field movements, and could be sensitive to such movements, and
these features have also been included as part of the assessments.

The natural and built features for which revised predictions and impact assessments are provided in
this report are:

e ephemeral drainage lines;

e North Wambo Creek Diversion;

¢ cliffs and steep slopes;

e tracks and trails;

e farm dams;

¢ Aboriginal heritage sites; and

¢ the approved Montrose Water Storage Dam.

The predicted values of vertical subsidence for the natural and built features located within the Study
Area, based on the Modified Layout, are the same or less than the predicted values based on the
Previous Layout. The predicted tilts, curvatures and strains for these features, based on the Modified
Layout, however, could be greater or lesser than the predicted values based on the Previous Layout,
depending on their positions relative to the finishing ends of WYLW17 to WYLW?20.

The effects of the proposed modifications to the finishing ends of WYLW17 to WYLW20 on the
subsidence predictions and impact assessments for the natural and built features are provided in the
following sections. These assessments should be read in conjunction with the assessments originally
provided in Report No. MSEC935 and the Extraction Plan.

The predictions and the impact assessments provided in Report No. MSEC935, for the other natural
and built features not included in this report, do not change due to the proposed modifications to the
finishing ends of WYLW17 to WYLW20.

3.2. Ephemeral drainage lines

The ephemeral drainage lines are shown in Drawing No. MSEC1012-07.

The drainage lines commence on the Wollemi Escarpment and flow in a north to north-easterly
direction to where they join the North Wambo Creek Diversion. The drainage lines within the Study
Area have shallow incisions into the natural surface soils.

One of the typical drainage lines within the Study Area has been labelled Drainage Line 4 in Drawing
No. MSEC1012-07. The predicted profiles of total vertical subsidence, tilt and curvature along
Drainage Line 4 are shown in Fig. A.02, in Appendix A. The predicted profiles after the extraction of
WYLW17 to WYLW20 are shown as the dashed red lines based on the Previous Layout and as the
solid blue lines based on the Modified Layout.

The ephemeral drainage lines are located across the mining area and, therefore, they could
experience the range of predicted subsidence movements. A summary of the maximum predicted
conventional subsidence movements within the Study Area is provided in Section 2.2.
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The maximum predicted subsidence effects for the ephemeral drainage lines reduce or do not change
due to the proposed modifications to the finishing ends of WYLW17 to WYLW20. The extents of the
drainage lines affected by subsidence reduce due to the shortened longwall finishing ends.

The locations of the maximum predicted tilts and curvatures for the ephemeral drainage lines move
further upstream to where they cross the modified finishing ends of WYLW17 to WYLW20. Similarly,
the locations of surface cracking and the potential for increased ponding also move further upstream.

The sizes and extents of surface cracking along the drainage lines reduce due to the proposed
modifications, as the minimum depths of cover above each of the longwalls increase because of the
shortened finishing ends. The extents of the ephemeral drainage lines that are affected by surface
cracking also reduce.

The natural and predicted post-mining surface levels and grades along Drainage Line 4 are illustrated
in Fig. 3.1. The predicted final grade and location of increased ponding along the drainage line are
shown as the orange line based on the Previous Layout and as the light blue line based on the
Modified Layout.
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Fig. 3.1 Natural and predicted post-mining surface levels and grades along Drainage Line 4

The location of increased ponding along Drainage Line 4 moves 220 m further upstream due to the
proposed modified finishing end of WYLW19. The new location of increased ponding is coincident
with a farm dam (Ref. d04), as shown in Drawing No. MSEC1012-08.

The predicted depth of increased ponding along Drainage Line 4 is 1.1 m based on the Previous
Layout and 0.8 m based on the Modified Layout. The length of ponding is similar based on these two
layouts. Similarly, the depths and extents of increased ponding along the other ephemeral drainage
lines are similar or reduce due to the proposed modifications.

The subsidence predictions and the assessed levels of potential impact for the ephemeral drainage
lines reduce or do not change due to the proposed modifications to the finishing ends of WYLW17 to
WYLW20. The recommended management strategies for the drainage lines, therefore, are the same
as those previously provided in Report No. MSEC935 and in the Extraction Plan.

3.3. North Wambo Creek Diversion

The location of the North Wambo Creek Diversion is shown in Drawings Nos. MSEC1012-07 and
MSEC1012-08. The natural section of the creek is located outside of the Study Area, at a minimum
distance of 400 m north-west of the finishing end of WYLW20.

The North Wambo Creek Diversion is partially located above the finishing end of WYLW17 based on
both the Previous and Modified Layouts. The total length of the creek diversion located directly above
the mining area was approximately 110 m based on the Previous Layout and is approximately 30 m
based on the Modified Layout.

The North Wambo Creek Diversion is located outside the extents of WYLW18 to WYLW20 based on
both the Previous and Modified Layouts. A summary of the minimum distances between the
centreline of the creek diversion and each of these longwalls is provided in Table 3.1.
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Table 3.1 Minimum distances between the centreline of the North Wambo Creek Diversion

and WYLW18 to WYLW20
Minimum distance from the
Layout Longwall centreline of the creek diversion
(m)
WYLW18 35
Previous Layout
(MSEC935) WYLW19 45
WYLW20 60
WYLW18 175
Modified Layout
(MSEC1012) WYLW19 250
WYLW20 270

The predicted profiles of total vertical subsidence, tilt and curvature along the North Wambo Creek
Diversion are shown in Fig. A.03, in Appendix A. The predicted profiles after the completion of
WYLW11 to WYLW13 and WMLW14 to WMLW16 are shown as the cyan lines. The predicted profiles
after the extraction of WYLW17 to WYLW20 are shown as the dashed red lines based on the Previous
Layout and as the solid blue lines based on the Modified Layout.

A summary of the maximum predicted values of total vertical subsidence, tilt and curvatures along the
centreline of the North Wambo Creek Diversion is provided in Table 3.2. The total parameters
represent the maximum predicted accumulated movements directly above or adjacent to WYLW17 to
WYLW20, i.e. not including the completed WYLW11 to WYLW13 and WMLW14 to WMLW16 at the
nearby South Bates Underground Mine.

Table 3.2 Maximum predicted total vertical subsidence, tilt and curvatures for the North
Wambo Creek Diversion based on the Previous and Modified Layouts

Maximum Maximum Maximum
predicted total Maximum predicted total predicted total
Layout Longwalls vertical predicted total hogging sagging
subsidence tilt (mm/m) curvature curvature
(mm) (km-1) (km1)
Previous Layout WYLWA17 to
(MSEC935) WYLW20 300 25 >3.0 <0.01
Modified Layout WYLWA17 to
(MSEC1012) WYLW20 <20 <0.5 <0.01 <0.01

The centreline of the North Wambo Creek Diversion is predicted to experience less than 20 mm
vertical subsidence based on the Modified Layout. The banks of the creek diversion could experience
around 50 mm of vertical subsidence. Whilst the creek diversion could experience low levels of
vertical subsidence, based on the Modified Layout, it is not predicted to experience significant tilts,
curvatures or strains.

The natural and the predicted post-mining surface levels and grades along the North Wambo Creek
Diversion are illustrated in Fig. 3.2. The predicted final grade along the creek diversion is shown as
the dashed orange line based on the Previous Layout and as light blue line based on the Modified
Layout.

There was a predicted reduction in stream grade along the North Wambo Creek Diversion, based on
the Previous Layout, where it crossed directly the finishing end of WYLW17. It was previously
assessed that minor increased ponding could develop along the creek diversion, with a maximum
depth of approximately 0.1 m and an overall length of approximately 25 m.

There is negligible change in the stream grade along the North Wambo Creek Diversion based on the
Modified Layout. It is not anticipated, therefore, that increased ponding would develop along the creek
diversion based on this layout.
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Fig. 3.2 Natural and predicted subsided surface levels and grades along the Creek Diversion

Surface cracking could develop along the section of the North Wambo Creek Diversion located directly
above WYLW17 and, to lesser extents, outside and adjacent to the longwall finishing ends. The
length of the creek diversion located directly above the mining area and, hence, the potential for
surface cracking reduces due to the proposed modifications.

The subsidence predictions and the assessed levels of potential impact for the North Wambo Creek
Diversion reduce due to the proposed modifications to the finishing ends of WYLW17 to WYLW20.
The recommended management strategies for the creek diversion, therefore, are the same as those
previously provided in Report No. MSEC935 and in the Extraction Plan.

3.4. Cliffs

The cliffs are shown in Drawing No. MSEC1012-07. There are no cliffs located within the Study Area.

The Wollemi Escarpment is located south-west of WYLW17 to WYLW20. The cliffs associated with
the escarpment and the nearby intermediate level cliffs are more than 1.5 km from the modified
finishing ends of the longwalls. The low level cliffs (i.e. not associated with the escarpment) are
located directly above the south-western end of WYLW20. These cliffs are more than 1.0 km from the
modified longwall finishing ends.

At these distances, the predictions and assessed levels of potential impact for the cliffs do not change
due to the proposed modifications to the finishing ends of WYLW17 to WYLW20. The predictions and
impact assessments are affected by the proximity of the cliffs to the longwall commencing ends, which
do not change as part of the proposed modifications.

The recommended management strategies for the cliffs, therefore, are the same as those previously
provided in Report No. MSEC935 and in the Extraction Plan.

3.5. Steep slopes

The steep slopes are shown in Drawing No. MSEC1012-07. These areas are defined as surface
slopes with natural grades greater than 1in 3 (i.e. 33 % or 18.4°).

There are no natural steep slopes located within the Study Area. There are artificial steep slopes
within the Study Area associated with the banks of the North Wambo Creek Diversion. As discussed
in Section 3.3, the potential impacts on the creek diversion reduce due to the proposed modifications
to the finishing ends of WYLW17 to WYLW20.

The predictions and assessed levels of potential impact for the steep slopes do not change due to the
proposed modifications to the finishing ends of WYLW17 to WYLW20. The predictions and impact
assessments are affected by the proximity of the steep slopes to the longwall commencing ends,
which do not change as part of the proposed modifications.

The recommended management strategies for the steep slopes, therefore, are the same as those
previously provided in Report No. MSEC935 and in the Extraction Plan.
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3.6. Land prone to flooding and inundation

The land within the Study Area generally falls in a north-easterly direction towards the North Wambo
Creek Diversion. The natural surface level contours (grey lines) and the predicted post-mining surface
level contours (green lines) above the finishing ends of WYLW17 to WYLW20, based on the Modified
Layout, are illustrated in Fig. 3.3. The alignment of North Wambo Creek and the creek diversion is
shown as the blue line in this figure.
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Fig. 3.3 Natural and predicted subsided surface levels and predicted mining-induced
topographical depressions based on the Previous and Modified Layouts

The predicted mining-induced topographical depressions, based on the Previous Layout, are show as
the grey outlines in Fig. 3.3. The topographical depressions above the previous finishing ends of
WYLW17 and WYLW20 had maximum depths ranging between 0.4 m and 1.2 m and surface areas
ranged from less than 0.1 ha up to 0.8 ha.

There are no predicted mining-induced topographical depressions above the finishing ends of
WYLW17 to WYLW20 based on the Modified Layout. However, localised topographical depressions
could develop along the alignments of the drainage lines upstream of where they cross the finishing
ends of the modified longwalls. The depths and extents of these localised depressions reduce or do
not change due to the proposed modifications; however, their locations move further upstream.

The recommended management strategies for increased ponding above the mining area, therefore,
are the same as those previously provided in Report No. MSEC935 and in the Extraction Plan.

3.7. National Parks

The Wollemi National Park is located south-west of WYLW17 to WYLW20, as shown in Drawings Nos.
MSEC1012-01 and MSEC1012-02.

The boundary of the National Park is located more than 1.5 km from the modified finishing ends of
WYLW17 to WYLW20. At this distance, the predictions and assessed levels of potential impact for the
National Park do not change due to the proposed modifications to the longwall finishing ends.
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Only low-level movements are predicted within the National Park due to the extraction of WYLW17 to
WYLW?20. It has been assessed as unlikely that adverse impacts would occur due to mining. The
predictions and impact assessments are affected by the proximity of the National Park to the longwall
commencing ends, which do not change as part of the proposed modifications.

The recommended management strategies for the Wollemi National Park, therefore, are the same as
those previously provided in Report No. MSEC935 and in the Extraction Plan.

3.8. Tracks and trails

The larger tracks and trails are shown in Drawing No. MSEC1012-08. There are unsealed tracks and
trails within the Study Area that are not shown in this drawing.

The total length of tracks and trails located directly above the mining area reduces due to the
proposed modifications to the finishing ends of WYLW17 to WYLW20. The sizes and extents of
surface cracking for the tracks and trails above the mining area reduce or do not change due to the
proposed modifications.

The recommended management strategies for the tracks and trails, therefore, are the same as those
previously provided in Report No. MSEC935 and in the Extraction Plan.

3.9. Farm dams

The farm dams are shown in Drawing No. MSEC012-08. There are four farm dams located within or
immediately adjacent to the Study Area, being Refs. d01, d04, d05 and d06.

Dam Ref. d0O1 is located above the tailgate of WYLW17, approximately 100 m south-west of the
modified longwall finishing end. The predicted subsidence effects and assessed potential for impacts,
based on the Modified Layout, are therefore the same as those based on the Previous Layout.

Dam Refs. d05 and d06 are located outside the mining area, adjacent to the maingate of WYLW20.
The distances of these dams from the mining area increase due to the proposed modification to the
longwall finishing ends. The predicted subsidence effects and assessed potential for impacts, based
on the Modified Layout, are therefore less than those based on the Previous Layout.

Dam. Ref. d04 is located adjacent to the modified finishing end of WYLW19. A summary of the
maximum predicted values of total vertical subsidence, tilt and curvatures for Dam Ref. d04 is
provided in Table 3.3. The total parameters represent the maximum predicted accumulated
movements due to WYLW17 to WYLW20 within 20 m of the perimeter of the dam.

Table 3.3 Maximum predicted total vertical subsidence, tilt and curvatures for Dam Ref. d04
based on the Previous and Modified Layouts

Maximum Maximum Maximum
predicted total Maximum predicted total predicted total
Location Layout vertical predicted total hogging sagging
subsidence tilt (mm/m) curvature curvature
(mm) (km") (km")
Previous Layout
(MSEC935) 1800 70 >3.0 >3.0
Dam Ref. d04 ;
Modified Layout
(MSEC1012) 1800 > 100 >3.0 >3.0

The maximum predicted vertical subsidence for Dam Ref. d04, based on the Modified Layout, is the
same as the predicted value based on the Previous Layout. The predicted vertical subsidence does
not change as it occurs at the south-western corner of the dam where full subsidence develops.

The maximum predicted tilt for Dam Ref. d04 increases as the north-eastern corner is located directly
above the proposed modified finishing end of WYLW19. The higher final tilt results in increased
ponding at the dam, i.e. a higher storage capacity, as described in Section 3.2. The depth of the dam
base below the downstream wall is predicted to increase by approximately 0.3 m.
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Dam Ref. d04 is predicted to experience curvatures greater than 3.0 km™' based on both the Previous
and Modified Layouts. The dam is partially located in the final tensile zone adjacent to and inside of
the modified finishing end of WYLW19. The potential for surface cracking at the dam, based on the
Modified Layout, is therefore greater than that based on the Previous Layout. This dam is located on
land owned by WCPL.

Whilst the potential for surface impacts at Dam Ref. d04 increases, due to the proposed modifications,
the methods required to manage and remediate this dam do not change. It was recommended in
Report No. MSEC935 that “consideration is given to dewatering the larger farm dams prior to active
subsidence. It is also recommended that the dams are visually inspected during active subsidence to
identify any adverse impacts”.

The recommended management strategies for the farm dams, therefore, are the same as those
previously provided in Report No. MSEC935 and in the Extraction Plan.

3.10. Archaeological sites

The archaeological sites are shown in Drawing No. MSEC1012-08.

There are two archaeological sites located within the Study Area, Wambo Site 230 and Wambo Site
231, which are open artefact sites.

Wambo Site 230 is located 50 m south-west of the modified finishing end of WYLW19. The predicted
subsidence effects for this site, based on the Modified Layout, are the same as the predicted values
based on the Previous Layout.

Wambo Site 231 is located directly above WYLW?20, based on the Previous Layout, but it is located
outside the mining area based on the Modified Layout. The predicted subsidence effects for this site
therefore reduce due to the proposed modified longwall finishing ends. The predicted vertical
subsidence for Wambo Site 231 is less than 20 mm based on the Modified Layout. Whilst this site
could experience very low-levels of vertical subsidence, it is not expected to experience measurable
tilts, curvatures or strains.

The predicted subsidence effects for the archaeological sites located outside the Study Area do not
change due to the proposed modifications.

The subsidence predictions and the assessed levels of potential impact for the archaeological sites
reduce or do not change due to the proposed modifications to the finishing ends of WYLW17 to
WYLW20. The recommended management strategies for the archaeological sites, therefore, are the
same as those previously provided in Report No. MSEC935 and in the Extraction Plan.

3.11. Approved Montrose Water Storage Dam

The approved Montrose Water Storage Dam is shown in Drawing No. MSEC1012-08. The future dam
is located directly above the north-eastern ends of WYLW17 to WYLW19. The dam would be
constructed after the completion of these longwalls.

The natural surface level contours (grey lines) and the predicted post-mining surface level contours
based on the Modified Layout (green lines) in the location of the future Montrose Water Storage Dam
are illustrated in Fig. 3.4. The approved location of the storage dam is also shown in this figure.
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Previous Layout
— Modified Layout

Fig. 3.4 Natural and predicted subsided surface levels at the Montrose Water Storage Dam

The natural surface level (black line) and predicted subsided surface level (dashed red line), based on
the Modified Layout, along the future dam wall (taken in an anti-clockwise direction) are illustrated in
Fig. 3.5. The predicted vertical subsidence at the completion of all the longwalls is also shown at the
bottom of this figure as the green line.
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Fig. 3.5 Natural and predicted subsided surface levels along the Dam Wall

The maximum height of the dam wall, assuming that its crest is at RL121.5 mAHD, will be
approximately 18.3 m based on the Previous Layout and approximately 16.7 m based on the Modified
Layout. Also, the length of the dam wall located above the mining area, based on the Modified Layout,
is less than that based on the Previous Layout. The earthworks required to construct the dam wall to
the required crest level reduces due to the proposed modifications.

The predicted storage capacity of the dam, assuming a maximum water storage level of

RL121.0 mAHD, is approximately 1.59 ML based on the Previous Layout and 1.56 ML based on the
Modified Layout. There is a slight reduction in the water storage capacity, due to the proposed
modifications; however, this represents a change of less than 2 %.
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The area of the dam located above the mining area reduces due to the proposed modified finishing
ends of WYLW18 and WYLW19. The surface area affected by cracking due to mining and the
requirements for surface remediation therefore reduce due to these modifications.

The works required to construct the approved Montrose Water Storage Dam after mining, based on
the Modified Layout, are less than those required based on the Previous Layout. The recommended
management strategies for the future dam, therefore, are the same as those previously provided in
Report No. MSEC935 and in the Extraction Plan.

3.12. Summary

The maximum predicted subsidence effects, due to the extraction of WYLW17 to WYLW20, reduce or
do not change due to the proposed modifications to the longwall finishing ends. The surface area
directly above WYLW17 to WYLW20 reduces by 17 ha due to the proposed modifications to the
longwall finishing ends. The overall levels of impact due to the mining-induced surface deformations
therefore also reduce.

The maximum predicted subsidence effects for the natural and built features, based on the Modified
Layout, are generally similar to or less than the maximum predicted values based on the Previous
Layout. The locations of surface cracking and increased potential for ponding move further to the
south-west due to the proposed modifications to the longwall finishing ends.

The predicted tilt and the potential for surface cracking at Dam Ref. d04 increase due to its proximity
to the modified finishing end of WYLW19. However, the methods required to manage and remediate
this dam do not change. The depth of the dam relative to the downstream dam wall increases due to
its proximity to the modified longwall finishing end. This dam is located on land owned by WCPL.

It is concluded, therefore, that the assessed levels of potential impacts for the natural and built
features either reduce or do not change due to the proposed modifications to the finishing ends of
WYLW17 to WYLW20. No revision is therefore required for the recommended management
strategies for the natural and built features from those previously provided in Report No. MSEC935
and in the Extraction Plan.
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APPENDIX A. FIGURES

SUBSIDENCE PREDICTIONS AND IMPACT ASSESSMENTS FOR THE MODIFIED FINISHING ENDS OF WYLW17 TO WYLW20
© MSEC FEBRUARY 2019 | REPORT NUMBER MSEC1012 | REVISION A



I:\Projects\Wambo\MSEC 1012 - Modified Finishing Ends of WYLW17 to WYLW20\Subsdata\lmpacts\Prediction Lines\Fig. A.01 - Prediction Line.grf.....28-Feb-19

Predicted profiles of vertical subsidence, tilt and curvature along
Prediction Line 1 due to WYLW11 to WYLW20

)

I3

S
\

Study Area (behind)
200 \ v
150

100
50 Whybrow Seam

n

"
n
[}

Wambo Seani I I

Surface level (mAHD)

O
o
T A o v v
[
]
"
"
w

Current longwalls

[
Whybrow Seam [ wyLw20 | | wyLw19 | [ wyLw1s | | wyLw17 | WYLW11 | [ WYLW12 | | wyLw13

Wambo Seam WMLW16, |WMLW15| | WMLW14
a |

\

\

\ /N | IR
|

A
|

\

|

\
\

SN——

|
\
\

Predicted profiles due to WYLW11 to [/ \ |/
WYLW13 and WMLW14 to WMLW16

Predicted profiles due to WYLW17 to
5000 WYLW20 based on both the Previous
100 and Modified Layouts

- \ ]
) )

\[
V I
Note: Refer to Section 2.3

of the report for discussion
| on predicted ground strains

Vertical subsidence (mm)
N
(@]
o
o

Tilt (mm/m)
o
\,

N
o
S

1.0

0.0

-1.0

Curvature (1/km)

-2.0

e e b e b |
N_
—

Whybrow Seam [ WyLw20 | | wyLw19 | [ wyLw1s | | wyLw17 | WYLW11 | [WYLWA12 | | WYLW13

Current longwalls Wambo Seam |WMLW16| | WMLW15| | WMLW14

-400 -200 0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Distance from the maingate of WYLW20 (m) F =
ig. A.01




I:\Projects\Wambo\MSEC 1012 - Modified Finishing Ends of WYLW17 to WYLW20\Subsdata\Impacts\Streams\Fig. A.02 - Drainage Line 4.grf.....28-Feb-19

Predicted profiles of vertical subsidence, tilt and curvature along
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