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1.0 BACKGROUND

1.1. Introduction

lllawarra Coal (IC) has completed the extraction of Longwall 6 at Dendrobium Mine, which is located in the
Southern Coalfield of New South Wales. The locations of the longwalls in Area 3A at Dendrobium Mine are
shown in Drawing No. MSEC488-01, in Appendix B. The extraction of Longwall 6 commenced on the

9" February 2010 and was completed on the 28" March 2011.

Mine Subsidence Engineering Consultants (MSEC) was previously commissioned by IC to prepare
subsidence predictions and impact assessments for Dendrobium Longwalls 6 to 10 in Area 3A at
Dendrobium Mine. Report No. MSEC311 (Revision D) was issued in October 2007, which supported the
SMP Application and the Modification of the Development Consent for these longwalls.

IC then proposed to modify Longwalls 6 and 7 by shortening the finishing (eastern) ends by 75 metres so as
to avoid an igneous intrusion. Longwall 6 was approved by the Department of Planning and Industry and
Investment NSW on the 24" December 2009. The updated subsidence predictions and impact
assessments for the modified longwalls were incorporated into Report No. MSEC437 (Revision D), which
was issued on the 23" February 2010.

In accordance with Condition 9 of the Modification to the Development Consent (Schedule 3) for the
Area 3A longwalls, this report provides:-

e Comparisons between the observed and predicted subsidence movements at the monitoring lines
and points in Dendrobium Area 3A resulting from the extraction of Longwall 6, and

e Comparison between the observed and assessed (i.e. predicted) impacts on the natural features
and surface infrastructure within the SMP Area resulting from the extraction of Longwall 6.

Further details on the assessed and observed impacts for some natural features, resulting from the
extraction of Longwall 6, are provided in the reports by other consultants. The observations provided in this
report should be read in conjunction with those and all other relevant reports.

Chapter 2 of this report describes the locations of the ground monitoring lines and points which were
surveyed during the extraction of Longwall 6. This chapter also provides comparisons between the
observed and predicted movements resulting from the extraction of Longwall 6.

Chapter 3 of this report describes the natural features and surface infrastructure in the vicinity of Longwall 6.
This chapter also provides comparisons between the observed and assessed impacts for the natural
features and surface infrastructure resulting from the extraction of Longwall 6. Further details on the
assessed and observed impacts for some natural features are provided in reports by other consultants.

Appendices A and B include all of the figures and drawings associated with this report.

1.2. Mining Geometry

Longwall 6 was taken off at maingate cut through 9, which is 50 metres short of the approved finishing end.
The decision to shorten Longwall 6 was taken to action the management strategies which were developed

for the Sandy Creek Waterfall Management Plan. The total extracted length of the longwall was

2,575 metres. The overall void width of Longwall 6, including the first workings, is 250 metres. The extent

of mining for Longwall 6 is shown in Drawing No. MSEC488-01, in Appendix B.

The depth of cover to the Wongawilli Seam, directly above Longwall 6, varies between a minimum of
290 metres, above the commencing (western) end of the longwall, and a maximum of 385 metres, towards
the middle of the longwall.

The extraction height varied along the length of the longwall, depending on the local roof conditions, with the
maximum extraction height being 3.9 metres. The predictions provided in this report have been based on a
constant extraction height of 3.9 metres, as adopted in Reports Nos. MSEC311 and MSEC437.
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2.0 COMPARISONS BETWEEN THE OBSERVED AND PREDICTED SUBSIDENCE MOVEMENTS

2.1. Introduction

The mine subsidence movements resulting from the extraction of Dendrobium Longwall 6 were monitored
along a number of survey lines and at a number of survey points including the following:-

o Wongawilli Creek Closure Lines,

e Sandy Creek Waterfall North and South Lines

e Area 3A 3D monitoring points,

e Sandy Creek Waterfall 3D monitoring points,

e Sandy Creek Waterfall High Resolution Survey lines,
e  Tributary Cross Lines,

e TransGrid monitoring points,

e Integral pole monitoring, and

e Airborne laser scans of the area.

The locations of these survey lines and survey points are shown in Drawing No. MSEC488-01, in
Appendix B. Comparisons between the observed and predicted subsidence movements at these
monitoring lines and points are provided in the following sections.

2.2.  Wongawilli Creek Closure Lines

The closure movements across Wongawilli Creek were measured by IC using 2D survey techniques using
the Wong X A-Line, Wong X B-Line and the Wong X C-Line. The locations of these monitoring lines are
shown in Drawing No. MSEC488-01. Summaries of the survey dates for the Wongawilli Creek Closure
Lines are provided in Table 2.1.

Table 2.1  Summary of Survey Dates for the Wongawilli Creek Closure Lines during Longwall 6

Mining Phase Commitments Mining Phase Survey Dates Post Mining Phase Commitments

15™ January 2010 (Initial survey)

h .
Start and end of Longwall 6 20" April 2010 End of Longwalls 7, 8 and 19
9" June 2010

14" April 2011

The monitoring lines each comprise two survey marks located either side of the creek and, therefore,
measure the closure between the valley sides. Survey marks could not be located near the base of the
creek, due to the difficult terrain and safety concerns, therefore, the upsidence in the base of the creek was
not measured.

The predictions of subsidence, upsidence and closure for Wongawilli Creek, resulting from the extraction of
Dendrobium Longwalls 6 to 19, were provided in Report No. MSEC311. The modification of the finishing
end of Longwall 6 had negligible effect on the predicted mine subsidence movements along the creek.

A summary of the maximum observed and maximum predicted closure movements for each of the
Wongawilli Creek Closure Lines, resulting from the extraction of Longwall 6, is provided in Table 2.2. The
observed and predicted closures along Wongawilli Creek are also illustrated in Fig. 2.1.

Table 2.2  Summary of the Maximum Observed and Maximum Predicted Closure at the Wongawilli
Creek Cross Lines due to the Extraction of Longwall 6

Location Observed Closure (mm) Predicted Closure (mm)
Wong X A-Line 36 75
Wong X B-Line 34 40
Wong X C-Line 6 <5

The accuracies of the measured closure movements are in the order of 5 mm.
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Fig. 2.1 Observed and Predicted Closure along Wongawilli Creek

It can be seen from Table 2.2 and Fig. 2.1, that the maximum observed closures at the Wongawilli Creek
A-Line and B-Line were less than the maxima predicted in those locations. The maximum observed closure
at the Wongawilli Creek C-Line was very small and in the order of survey tolerance.

2.3. Sandy Creek Waterfall North and South Lines

The mine subsidence movements along the Sandy Creek Waterfall (SCW) North and South Lines were
measured by IC using 3D survey techniques. The locations of these monitoring lines are shown in Drawing
No. MSEC488-01.

A summary of the survey dates for the SCW North and South Lines are provided in Table 2.3.

Table 2.3  Summary of Survey Dates for the SCW North and South Lines during Longwall 6

Mining Phase Commitments Mining Phase Survey Dates Post Mining Phase Commitments

5™ March 2010 (Initial survey)

28" July 2010
Start and end of Longwall 6, plus gh September 2010
monthly surveys between longwall 13" October 2010 Monitoring during the extraction of
reference mark 1500 metres and 4™ November 2010 (North only) future Longwalls 7, 8 and 19
600 metres and then weekly surveys 9" November 2010 (South only) ’
for the last 600 metres of extraction. 6™ January 2011
27" January 2011 (North only)
7" April 2011

It is noted, that the weekly surveys for the last 600 metres of extraction were not carried out along the SCW
North and South Lines, as it was considered more appropriate to focus monitoring on the SCW HRS Lines
(refer Section 2.6), which were additional lines to the monitoring commitments that provided much higher
accuracy results to assist in the management of the Sandy Creek Waterfall.

The observed profiles of incremental subsidence, tilt and strain along the SCW North and South Lines,
resulting from the extraction of Longwall 6, are shown in Figs. A.01 and A.02, respectively, in Appendix A.
The predicted profiles of subsidence and tilt along these monitoring lines, at the completion of Longwall 6,
are also shown in these figures, which were based on the predicted subsidence contours illustrated in
Report No. MSEC437.

It can be seen from Fig. A.01, that the observed profiles of subsidence and tilt along the SCW North Line
were reasonably similar to the profiles predicted. It can be seen from Fig. A.02, that only low level
subsidence was observed along the SCW South Line.

A summary of the maximum observed and maximum predicted incremental subsidence parameters along
the SCW North Line and the SCW South Line, resulting from the extraction of Longwall 6, are provided in
Table 2.4 and Table 2.5, respectively.
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Table 2.4  Maximum Observed and Predicted Incremental Subsidence Parameters along
SCW North Line Resulting from the Extraction of Longwall 6

. . Maximum Maximum
Maximum Maximum
. Incremental Incremental
Type Incremental Incremental Tilt . . .
. Tensile Strain Comp. Strain
Subsidence (mm) (mm/m)
(mm/m) (mm/m)
Observed 1220 13 21 5.9
Predicted 1450 12 - Refer to discussions below -

Table 2.5 Maximum Observed and Predicted Incremental Subsidence Parameters along
SCW South Line Resulting from the Extraction of Longwall 6

. . Maximum Maximum
Maximum Maximum
. Incremental Incremental
Type Incremental Incremental Tilt . . .
. Tensile Strain Comp. Strain
Subsidence (mm) (mm/m)
(mm/m) (mm/m)
Observed 34 0.4 0.4 0.4
Predicted 30 <05 - Refer to discussions below -

The accuracies of the measured relative Eastings, Northings and Levels of the survey marks along the
SCW North and South Lines are in the order of £5 mm. The accuracies of the measured absolute positions
of the survey marks are in the order of +20 mm (Easting and Northings) and +£30 mm (Levels). The
accuracies of the measured strains, which are based on the 2D measurements, are in the order of

+0.25 mm/m.

The maximum observed incremental subsidence along the SCW North Line was 1220 mm, which was less
than the maximum predicted of 1450 mm. It should be noted, that the actual maximum subsidence could be
greater than the maximum observed, as the monitoring line is a longitudinal line and, therefore, the
subsidence could be greater either side of the monitoring line. The maximum observed incremental tilt
along the SCW North Line was 13 mm/m (i.e. 1.3 %, or a change in grade of 1 in 77), which was similar to
but slightly larger than the maximum predicted.

The maximum observed incremental tensile and compressive strains along the SCW North Line were

2.1 mm/m and 5.9 mm/m, respectively. The maximum predicted conventional tensile and compressive
strains along the monitoring line, based on applying a factor of 15 to the maximum predicted curvatures,
were 3.0 mm/m and 2.5 mm/m, respectively. The maximum observed tensile strain along this monitoring
line was, therefore, less than the maxima predicted based on conventional movements. The maximum
observed compressive strain, however, was greater than that predicted, based on conventional movements,
and could be the result of downslope movement.

The maximum observed incremental subsidence along the SCW South Line was 34 mm, which is similar to
but slightly greater than the maximum predicted. As stated in Report No. MSEC311, that where
“subsidence is predicted at points beyond the goaf edge, which are likely to experience very low values of
subsidence, the predictions should generally be accurate to within 50 mm of subsidence”. The maximum
observed incremental tilt was similar to but slightly less than the maxima predicted.

The maximum observed incremental tensile and compressive strains along the SCW South Line were both
0.4 mm/m, which were similar to but slightly greater than the order of survey tolerance. The maximum
predicted conventional tensile and compressive strains along the monitoring line, based on applying a factor
of 15 to the maximum predicted curvatures, were both less than 0.3 mm/m. The maximum observed strains
along this monitoring line were, therefore, similar to the maxima predicted based on conventional
movements.

The closure movements across the arm of Lake Cordeaux were measured between SCW North Line Points
SCW-N39 and SCW-N40. The maximum observed incremental closure, due to the extraction of Longwall 6,
was approximately 7 mm, which is similar to that measured at Sandy Creek Waterfall and less than
predicted, as discussed in Sections 2.5 and 2.6.

The observed incremental horizontal movement vectors for the SCW North and South Lines, due to the
extraction of Longwall 6, are shown in Fig. 2.2.
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Fig. 2.2 Observed Incremental Horizontal Movement Vectors for the SCW North and South Lines

The horizontal movement vectors along the SCW North Line were generally orientated towards the north-
east, in the western half of the monitoring line, and were generally orientated towards the east to south-east,
in the eastern half of the monitoring line. These results indicate that the horizontal movements comprised
both conventional movements, towards the extraction face (i.e. west to east) and downslope movements, as
indicated by the surface level contours.

The horizontal movement vectors along the SCW South Line were generally orientated towards the north-
east. These results also indicate that the horizontal movements comprised conventional movements
towards the extracted goaf as well as downslope movements.

2.4. Dendrobium Area 3A 3D Monitoring Points

The far-field horizontal movements in the vicinity of Longwall 6 were measured by IC using the Dendrobium
Area 3A 3D monitoring points (DA3A 3D). The locations of these monitoring points are shown in Drawing
No. MSEC488-01.

A summary of the survey dates for the DA3A 3D points are provided in Table 2.6.

Table 2.6 Summary of Survey Dates for the DA3A 3D Points during Longwall 6

Mining Phase Commitments Mining Phase Survey Dates Post Mining Phase Commitments

6™ Jan 2010 (Initial survey)
15" January 2010

Start and end of Longwall 6, plus 9" June 2010 Monitoring during the extraction of
weekly surveys for thg last 500 metres 7t September 2010 future Longwalls 7, 8 and 19
of extraction. 30" September 2010

13" October 2010
14" April 2011

It is noted, that the weekly surveys for the last 500 metres of extraction were not carried out at the DA3A 3D
Points, as it was considered more appropriate to focus monitoring on the SCW HRS Lines (refer

Section 2.6), which were additional lines to the monitoring commitments that provided much higher
accuracy results to assist in the management of the Sandy Creek Waterfall.
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The observed incremental horizontal movement vectors for DA3A 3D points, due to the extraction of
Longwall 6, are shown in Drawing No. MSEC488-06. It can be seen from this drawing, that the horizontal
movement vectors were generally orientated towards Longwall 6. It can also be seen from the surface level
contours, that the horizontal movements also comprise a component of downslope movement.

A summary of the maximum observed absolute incremental horizontal movements at the DA3A 3D
monitoring points, at any time during or after the extraction of Longwall 6, is provided in Table 2.7.

Table 2.7 Maximum Observed Absolute Incremental Horizontal Movements at the DA3A 3D
Monitoring Points Resulting from the Extraction of Longwall 6

. Maximum Observed Incremental
Longwall Location .
Horizontal Movement (mm)
DA3a -1 13
DA3a -2 22
DA3a - 3 49
DA3a - 4 35
DA3a -5 58
DA3a -6 128
DA3a -7 189
DA3a -8 54
DA3a -9 60
DA3a - 10 75
Longwall 6 DA3a - 11 4
DA3a - 12 60
DA3a - 13 57
DA3a - 14 48
DA3a - 15 21
DA3a - 16 180
DA3a - 17 88
DA3a - 18 53
DA3a- 19 60
DA3a - 20 33
DA3a - 21 11
DA3a - 22 165

The accuracies of the measured absolute Eastings and Northings at the DA3A 3D points are in the order
+20 mm and, therefore, the accuracies of the measured horizontal movements are in the order of £30 mm.
The accuracy of the measured absolute Levels are in the order of £30 mm.

The maximum observed incremental horizontal movement at the DA3A 3D monitoring points, resulting from
the extraction of Longwall 6, was 189 mm at Mark DA3A-7, which is located directly above Longwall 6. The
maximum predicted total horizontal movement, resulting from the extraction of Longwalls 6 to 19, was

300 mm which was provided in Section 5.21.1 of Report No. MSEC311.

The comparison between the maximum observed incremental horizontal movements at the DA3A 3D
monitoring points with those previously measured in Dendrobium Area 1 (DA1 3D) and Dendrobium Area 2
(DA2 3D), as well as other collieries from the Southern Coalfield, is provided in Fig. 2.3.

It can be seen from the above figure, that the observed incremental horizontal movements at the DA3A 3D
monitoring points, resulting from the extraction of Longwall 6, were within the range of those typically
measured elsewhere in the Southern Coalfield at similar distances from active longwalls. The observed
horizontal movements in close proximity to Longwall 6 (i.e. within 300 metres), however, were less than
those observed near the previously extracted longwalls in Dendrobium Areas 1 and 2 and elsewhere in the
Southern Coalfield.

It is noted, that the results for Longwall 6 between 1800 metres and 2000 metres were for marks located on
the eastern side of Sandy Creek, at distances between 400 metres and 600 metres from the longwalls in
Dendrobium Area 2. The observed movements at these marks, which were only just above survey
tolerance, could comprise some long term residual movement from the longwalls in Area 2.
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Fig. 2.3 Observed Incremental Horizontal Movement for DA3A 3D Monitoring Points

2.5. Sandy Creek 3D Monitoring Lines

The far-field horizontal movements and the closure at the Sandy Creek Waterfall were measured by IC
using the four monitoring lines, being the A-Line, B-Line, C-Line and D-Line, which are also referred to as
the Sandy Creek 3D Monitoring Lines. The locations of these monitoring lines are shown in Drawing No.
MSEC488-01.

A summary of the survey dates for the Sandy Creek 3D Lines are provided in Table 2.6.

Table 2.8 Summary of Survey Dates for the Sandy Creek 3D Lines during Longwall 6

Mining Phase Commitments Mining Phase Survey Dates Post Mining Phase Commitments

4™ August 2010 (Initial survey)

h
Start and end of Longwall 6, plus met August 2010
monthly surveys between longwall 7" September 2010 o . )
reference mark 1500 metres and 13" October 2010 Monitoring during the extraction of
500 metres and then weekly surveys ZOI: October 2010 future Longwalls 7, 8 and 19
for the last 500 metres of extraction. 29" October 2010
18" January 2011

7" April 2011

It is noted, that the surveying frequency was reduced at the end of October 2010, as the Sandy Creek
Waterfall High Resolution Survey lines were installed, which provided much higher accuracy than the Sandy
Creek 3D Monitoring Lines. The discussions on the High Resolution Survey lines are provided in

Section 2.6.

A summary of the maximum observed absolute incremental horizontal movements at the survey marks
along the Sandy Creek Waterfall 3D Monitoring Lines, at any time during or after the extraction of Longwall
6, is provided in Table 2.9.
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Table 2.9  Maximum Observed Absolute Incremental Horizontal Movements at the Sandy Creek
Waterfall 3D Monitoring Lines Resulting from the Extraction of Longwall 6

. Maximum Observed Incremental
Longwall Location .
Horizontal Movement (mm)
SCWAO1 13
SCWAO02 13
SCwWBO01 17
SCWBO02 16
SCWBO03 15
SCWB04 15
SCWBO05 14
SCWBO06 14
SCWBO07 14
SCWBO08 14
SCWB09 12
SCWB10 13
Longwall 6 SCWCOL 16
SCWC02 15
SCWCO03 15
SCWCO04 14
SCWCO05 14
SCWCO06 15
SCWCO07 19
SCWCO08 14
SCWC09 14
SCWDO01 16
SCWDO02 15
SCWDO03 15
SCWDO04 15
SCWDO05 16

The accuracies of the measured absolute Eastings and Northings at the Sandy Creek Waterfall 3D points
are in the order £20 mm and, therefore, the accuracies of the measured horizontal movements are in the
order of 30 mm. The accuracy of the measured absolute Levels are in the order of £30 mm.

It can be seen from the above table, that the maximum observed incremental horizontal movements at the
Sandy Creek Waterfall 3D monitoring points, resulting from the extraction of Longwall 6, were in the order of
survey tolerance.

The incremental closure measured at the Sandy Creek Waterfall 3D Monitoring Lines, during the extraction
of Longwall 6, is illustrated in Fig. 2.4. The accuracies of the measured closures at these monitoring lines
are in the order £5 mm.
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Fig. 2.4 Observed Incremental Closures for the Sandy Creek 3D Monitoring Lines

during Longwall 6

It can be seen from the above figure, that the incremental closure movements at the Sandy Creek Waterfall
3D Monitoring Lines, resulting from the extraction of Longwall 6, were very small and generally in the order
of survey tolerance. In the latest survey, the observed closure along the B-Line was 7 mm, which was
slightly greater than survey tolerance.
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The maximum predicted closure at the Sandy Creek Waterfall, due to the extraction of Longwall 6,

was 40 mm based on the approved finishing end of Longwall 6. The maximum predicted closure at the
waterfall, based on the actual finishing end of Longwall 6 (i.e. 50 metres short of the approved finishing
end), was 35 mm. The observed closures along the Sandy Creek 3D Lines, therefore, were less than the
predicted maximum closure.

2.6. Sandy Creek High Resolution Closure Lines

As part of the management strategies for the Sandy Creek Waterfall, six additional high resolution 2D
monitoring lines were installed across the waterfall. The locations of the Sandy Creek Waterfall High
Resolution Survey (SCW HRS) lines are shown in Drawing No. MSEC488-01.

A summary of the survey dates for the SCW HRS lines are provided in Table 2.10.

Table 2.10 Summary of Survey Dates for the SCW HRS Lines during Longwall 6

Mining Phase Commitments Mining Phase Survey Dates Post Mining Phase Commitments

24" October 2010 (Initial survey)

25" October 2010, then
daily surveys to the
29" October 2010, then
No specific monitoring commitments, ; - . .
P oring co twice weekly surveys to the Monitoring during the extraction of
as thes¢=j yverg addlt.lon‘al lines to those 110 February 2011, then future Longwalls 7, 8 and 19
specified in monitoring program. weekly surveys to the
8" March 2011, then
twice weekly surveys to the
17" March 2011, and the
28" March 2011 (End of LW6)

The incremental closure measured at the SCW HRS lines, during the extraction of Longwall 6, is illustrated
in Fig. 2.5. The accuracies of the measured closures at these monitoring lines are in the order 1 mm.
5 _ 1:\Projects\Dendrobium\Area 3\MSEC488 - Longwall 6 End of Panel Report\Subsdata\SurveyData\Sandy Creek\Sandy Creek Waterfall Closures.grf.....12-May-11 1000
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Fig. 2.5 Observed Incremental Closures for the SCW HRS Closure Lines during Longwall 6

It can be seen from the above figure, that measureable closure (i.e. greater than survey tolerance)
developed first along the H1-Line around the 28" January 2011, when the longwall had 196 metres of
extraction remaining. Measurable closure developed along the H2-Line and H3-Line in early to the middle
of February and developed along the G1-Line, G2-Line and AA-Line in the middle to late March.

The maximum predicted closure at the Sandy Creek Waterfall, due to the extraction of Longwall 6,

was 40 mm based on the approved finishing end of Longwall 6. The maximum predicted closure at the
waterfall, based on the actual finishing end of Longwall 6 (i.e. 50 metres short of the approved finishing
end), was 35 mm. The observed closures along the Sandy Creek HRC Lines, therefore, were less than the
predicted maximum closure.

2.7.  Tributary Cross Lines

The mine subsidence movements across drainage lines were measured by IC using 2D survey techniques
using the SC E-Line, SC F-Line, SC G-Line, SC H-Line, SW 15A-Line and SW 15B-Line. The locations of
the Tributary Cross Lines are shown in Drawing No. MSEC488-01. Summaries of the survey dates for
these monitoring lines are provided in Table 2.11.
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Table 2.11 Summary of Survey Dates for the Tributary Cross Lines during Longwall 6

Mining Phase Commitments Mining Phase Survey Dates Post Mining Phase Commitments

17" June 2010 (Initial survey)

Start and end of Longwall 6
13" April 2011

End of Longwalls 7, 8 and 19

The Tributary Cross Lines are located at distances greater than 230 metres from Longwall 6. The predicted
incremental subsidence, strain and closure for these monitoring lines, resulting from the extraction of
Longwall 6, were in the order of survey tolerance.

A summary of the maximum observed incremental subsidence, strain and closure along the Tributary Cross
Lines, resulting from the extraction of Longwall 6, are provided in Table 2.12.

Table 2.12 Maximum Observed Incremental Subsidence, Strain and Closure at the
Tributary Cross Lines Resulting from the Extraction of Longwall 6

Maximum Observed Maximum Observed Maximum Observed Maximum Observed
. . Incremental
Location Incremental Incremental Tensile Combp. Strain Incremental
Subsidence (mm) Strain (mm/m) P- Closure (mm)
(mm/m)
SC E-Line <20 <0.25 <0.25 <5
SC F-Line <20 <0.25 <0.25 <5
SC G-Line <20 0.3 <0.25 <5
SC H-Line <20 <0.25 <0.25 <5
SW 15A-Line <20 <0.25 <0.25 <5
SW 15B-Line <20 <0.25 <0.25 8 opening

The accuracies of the measured relative Levels of the survey marks along the Tributary Cross Lines are in
the order of £5 mm. The accuracies of the measured absolute Levels of the survey marks are in the order
of £30 mm. The accuracies of the measured strains are in the order of £0.25 mm/m. The accuracies of the
measured closures are in the order of £5 mm.

It can be seen from the above table, that the observed movements at the Tributary Cross Lines were
typically in the order of survey tolerance. An opening of 8 mm was measured across the SW 15B-Line,
which could have developed as the result of the horizontal movements towards the extracted longwall.

2.8. TransGrid 3D Points

The mine subsidence movements of the TransGrid 330 kV transmission line towers were measured by IC
using 3D monitoring techniques. Four towers were monitored during the extraction of Longwall 6, being
Towers Nos. 15, 16, 17 and 18, the locations of which are shown in Drawing No. MSEC488-05, in
Appendix B. Tower 17 is a tension tower and the remaining are suspension towers.

A summary of the survey dates for the 330 kV transmission line towers, during the extraction of Longwall 6,
is provided in Table 2.13.

Table 2.13 Summary of Survey Dates for the 330 kV Transmission Line Towers during Longwall 6

Mining Phase Commitments Mining Phase Survey Dates Post Mining Phase Commitments

10" July 2010 (Initial survey)

Start and end of Longwall 6, plus gh July 2010
surveys when the extraction face is 16" July 2010
100 metres before the transmission 12t August 2010 Monitoring during the extraction of
line, and 100 metres, 200 metres, 25th August 2010 future Longwalls 7, 8 and 19
300 metres, 400 metres and 6" September 2010
500 metres past the transmission line. 30™ September 2010

13" April 2011

The accuracies of the measured absolute vertical movements are in the order 20 mm. The accuracies of
the measured K-Point tilts and K-Point spans are in the order of +£3 mm. The accuracies of the measured
tilts at the earth wire are in the order of +5 mm.
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The predicted subsidence and the predicted changes in the K-Point distances for the 330 kV Transmission
Line towers, resulting from the extraction of Longwalls 6 to 19, were provided in Report No. MSEC437. The
predicted tilts at the earth wire have been calculated based on the maximum predicted tilts and horizontal
movements at each of the towers.

A summary of the maximum observed and maximum predicted subsidence parameters at the transmission
line towers, resulting from the extraction of Longwall 6, is provided in Table 2.14. The observed movements
are based on the latest survey carried out on the 30" September 2010.

Table 2.14 Maximum Observed and Predicted Incremental Subsidence Parameters at the
330 kV Transmission Line Towers Resulting from the Extraction of Longwall 6

Tower Ref.
Parameter
15 16 17 18
Observed <20 41 77 22
Subsidence (mm) _ Opserved <20 o4 77 22
ubs! (mm) Predicted <20 200 275 <20
Change in K-Point Distance (mm) —CPserved <23 <13 <wy <a3
9 Predicted -9~ +10 -9~ +11 7~ 47 <+3
Observed 10 8 16 4
Tit of Earth Wire (mm) _ Observed 10 8 16 4
: ire (mm) Predicted <5 150 200 <5

Note: * denotes that Towers 16 and 17 had cruciform bases installed as part of the subsidence management strategies.

It can be seen from Table 2.14, that the observed subsidence at the Towers 15 and 18, resulting from the
extraction of Longwall 6, were similar to the order of survey tolerance. The maximum observed subsidence
at Towers 16 and 17 were less than the maxima predicted.

The maximum observed changes in the K-Point distances (i.e. differential horizontal movements between
the tower legs), resulting from the extraction of Longwall 6, were less than the order of survey tolerance
and, hence, less than those predicted.

The observed tilts of the earth wire (i.e. horizontal movement at the level of the earth wire), resulting from
the extraction of Longwall 6, were less than those predicted. It is noted, that the predicted tilts of the earth
wire were calculated by adding the predicted horizontal movements at the bases of the towers to the
predicted tilts multiplied by a tower height of 30 metres.

2.9. Integral Pole Monitoring

The 33 kV powerline has a tension pole located above the northern edge of Longwall 6, which has been
indicated as 33T1 in Drawing No. MSEC488-05. IC measured the mine subsidence movements at this
tension pole, during the mining of Longwall 6, which included the ground movement mark DA3a-15 and the
pole tilt.

The monitoring results and discussions for the Area 3A 3D monitoring points are provided in Section 2.4.
The maximum observed horizontal movement at Mark DA3a-15, at any time during or after the extraction of
Longwall 6, was 21 mm. The tension pole was replaced during the mining of Longwall 6. The tilt of the new
pole was monitored and there was little to no measureable change during mining.

2.10. Airborne Laser Scan

The initial surface levels in Dendrobium Area 3A were determined using an airborne laser scan (ALS) in
January 2010, prior to the commencement of Longwall 6. A subsequent post-mining scan was carried out
in April 2011, after the completion of Longwall 6.

The changes in surface level were determined by IC by taking the differences between the surface levels
measured before and after the extraction of Longwall 6. The observed incremental changes in surface
level, due to the extraction of Longwall 6, are shown in Drawing No. MSEC488-07, in Appendix B.

The accuracy of surface levels determined from each airborne laser scan is nominally in the order of

+150 mm at the first standard deviation. The accuracy of the observed changes in surface level, which are
the differences between two airborne laser scans, is in the order of £250 mm, as some error sources are
common to both datasets and, therefore, are not additive. There is also a larger scatter in the observed
surface levels from the airborne laser scans which result from heights being measured off natural features
including trees, undergrowth and rocks. The scatter resulting from these features, however, can be
smoothed to a certain extent.
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It should also be noted that the contours of the observed changes in surface level, developed from the
airborne laser scans, show the changes in the heights of points at fixed eastings and northings. This differs
from traditional subsidence contours which include both the vertical and horizontal components of the
surface movements of fixed points on the surface. Horizontal movements are usually included in the
subsidence profiles, as traditional ground monitoring data is based on the movements of survey marks,
which are fixed to the ground.

The contours of the observed changes in surface level, developed from the airborne laser scans, can be
unclear, particularly in the locations of steeply incised terrain, such as at cliffs. The reason for this is that
the surface can move horizontally downhill, or towards the centre of the goaf, as the ground subsides and,
therefore, the level changes at fixed eastings and northings can be large and do not provide a true
indication of the actual subsidence at a point. Where the ground is reasonably flat, however, the contours of
the observed changes in surface level should provide a good indication of the actual subsidence, except
adjacent to the longwall goaf edges where the mining induced horizontal movements are the greatest.

The profiles of the observed changes in surface level along one long-section and three cross-sections have
been determined from the results of the ALS, the locations of which are shown in Drawing No.
MSEC438-07. The profile of the observed incremental changes in surface level along Long-section 1, due
to the extraction of Longwall 6, is provided in Fig. 2.6. The profile of the predicted incremental subsidence
is also shown in this figure for comparison.
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Fig. 2.6 Observed Changes in Surface Level and Predicted Subsidence
along Long-section 1

It can be seen from the above figure, that the observed changes in surface level along Long-section 1 are
generally similar to or slightly less than those predicted above Longwall 6. The observed changes in
surface level are slightly greater than those predicted, in some locations, however, these differences are
generally within the order of accuracy of the ALS results.

The profiles of the observed incremental changes in surface level along Cross-sections 1, 2 and 3, due to
the extraction of Longwall 6, are provided in Fig. 2.7. The profiles of the predicted incremental subsidence
are also shown in this figure for comparison.
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Cross-section 1, Cross-section 2 and Cross-section 3

It can be seen from the above figure, that the maximum observed incremental changes in surface level, at
these cross-sections, were less than the maximum predicted total subsidence movements. The locations of
the maximum observed changes in surface level and the maximum predicted subsidence were in similar
locations, near the longwall centreline, which is expected for a first panel in a series.

The profiles of the observed total changes in surface level are more localised above the extracted longwall,
whereas the predicted subsidence profiles extend further outside the edges of the longwall. It can be
inferred from the steepness of the profiles in the above figure, that the maximum observed tilts at these
cross-sections are reasonably similar to the maximum predicted tilts in these locations.
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3.0 COMPARISONS BETWEEN THE OBSERVED AND ASSESSED IMPACTS FOR THE NATURAL

FEATURES AND SURFACE INFRASTRUCTURE

3.1. Natural Features

The natural features in the vicinity of Dendrobium Longwall 6 are shown in Drawing No. MSEC488-04, in
Appendix B, and include:-

e Wongawilli Creek,

e Sandy Creek,

e Sandy Creek Waterfall,

e Drainage lines,

e Cliffs and rock outcrops,

e Steep slopes,

e Swamps, and

e Archaeological sites.
The MSEC assessed (i.e. predicted) impacts for the natural features, resulting from the extraction of
Dendrobium Longwalls 6 to 19, were provided in Reports Nos. MSEC311 and MSEC437. More detailed
assessments for some natural features were also provided in other consultants reports. Comparisons
between the MSEC assessments and the observed impacts for the natural features listed above, resulting
from the extraction of Longwall 6, are provided in Table 3.1. The observed impacts are based on those

recorded by the IC field investigations, which are described in their report which is attached to this End of
Panel report

Table 3.1  Summary of the MSEC Assessments and the Observed Impacts for the Natural Features
Resulting from the Extraction of Longwall 6

Natural Feature MSEC Assessed Impacts Observed Impacts
Possible for some very localised
additional ponding or floodin .
L P g. .g. No reported impacts
developing in the locations of existing
. pools, steps or cascades
Wongawilli and Sandy Creeks . .
Some minor fracturing of the bedrock No reported impacts
within 400 metres of the longwalls P P
Unlikely that surface water flow .
; . No reported impacts
diversions would occur
Rockfalls unlikely with the
implementation of monitoring and .
Sandy Creek Waterfall P . g. No reported impacts
management strategies including a
trigger action response plan
Some localised additional ponding, .
) . No reported impacts
flooding or scouring
. . Minor fractures observed in WC17 and
Some buckling and f.ractur.lng of the WC19 and a small rock fall in WC19.
bedrock along the drainage lines above .
or within 250 metres of the longwalls No impacts to pools or flows. Refer to
9 attached report by IC for further details
Drainage Lines Some surface water flow diversions
into the dilated strata beneath the .
. . . . . No reported impacts
drainage lines which are directly mined
beneath ]
Water quality — Refer to the attached report by EcoEngineers
Terrestrial ecology — Refer to the attached report by Biosis
Aquatic ecology — Refer to the attached report by Cardno Ecology Lab
Fracturing of bedrock which could Fracturing and rockfalls observed near
Cliffs and Rock Outcrops result in cliff instabilities or rockfalls ends of the longwall. Refer to attached
along the exposed rockfaces report by IC for further details
Surface cracking and soil displacement
Potential for soil slippage resulting in observed along the tracks and in
Steep Slopes . L
tension cracks and compression ridges  naturally vegetated areas. Refer to the
attached report by IC for further details
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Natural Feature MSEC Assessed Impacts Observed Impacts

Minor cracking observed in WC17, but
no loss of surface water flow. Refer to
the attached report by IC for further
details

Potential for fracturing of the
Swamps underlying strata which could result in
the diversion of surface water

Potential impacts on overhang sites

include fracturing of sandstone, rock

falls, or water seepage through joints
which may affect artwork

Vertical joint opened up in one rock art
site. Refer to attached report by Biosis
for further details

Archaeological Sites

It can be seen from Table 3.1, that the observed impacts on the natural features, resulting from the
extraction of Longwall 6, were similar to or less than the MSEC assessments. Further assessments of
some natural features have been provided by other consultants, which are described in the relevant reports
attached to this End of Panel report.

3.2. Surface Infrastructure

The surface infrastructure in the vicinity of Longwall 6 is shown in Drawing No. MSEC488-05, in Appendix B,
and include:-

e Fire trails and four wheel drive tracks,

e 330 kV Transmission line

e 33 kV Powerline, and

e  Survey control marks.
The Upper Cordeaux No. 2 Dam Wall is also located in the vicinity of Longwall 6 and could experience very

small far-field horizontal movements resulting from the extraction of this longwall. The dam wall has,
therefore, also been included in the following comparisons.

The MSEC assessed (i.e. predicted) impacts for the surface infrastructure, resulting from the extraction of
Dendrobium Longwalls 6 to 19, were provided in Reports Nos. MSEC311 and MSEC437. Comparisons
between the MSEC assessments and the observed impacts for the surface infrastructure listed above,
resulting from the extraction of Longwall 6, are provided in Table 3.2.

Table 3.2  Summary of the Assessed and Observed Impacts for Surface Infrastructure Resulting
from the Extraction of Longwall 6

Surface Infrastructure MSEC Assessed Impacts Observed Impacts

Surface cracking and soil displacement
Cracking of unsealed road surfaces observed along the tracks. Refer to the
attached report by IC for further details

Fire Trails and Four Wheel Drive
Tracks

Impacts unlikely after the
implementation of necessary
management strategies
(i.e. installation of cruciform bases)

330 kV Transmission Line No reported impacts

33 kV Powerline Impacts unlikely No reported impacts
Vertical and horizontal movements ) .
Survey Control Marks . . . Vertical and horizontal movements
which could require re-establishment
Upper Cordeaux No. 2 Dam Wall Impacts unlikely No reported impacts

It can be seen from Table 3.2, that the observed impacts on the surface infrastructure, resulting from the
extraction of Longwall 6, are generally similar to or less than the assessed (i.e. predicted) impacts.
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