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1.0 INTRODUCTION

This report has been prepared by Mine Subsidence Engineering Consultants (MSEC) for Glencore
Tahmoor Colliery to comply with conditions of the SMP Approval set by the NSW Department of Industry,
Skills and Regional Development — Division of Resources and Energy (DRE).

This report includes:-

e A summary of the subsidence and environmental monitoring results for Longwall 28,

e An analysis of these results against the relevant impact assessment criteria, monitoring results
from previous panels and predictions provided in the SMP application,

e The identification of any trends in the monitoring results, and

e A description of actions that were taken to ensure adequate management of any potential
subsidence impacts.

The location of Longwall 28 is shown in Drawing No. MSEC777-01, which together with all other drawings,
is attached in Appendix B at the back of this report.

This report also includes many of the movements and impacts observed during the extraction of
Longwalls 22 to 27. Note that Longwall 24B was extracted prior to Longwall 24A. The dates of extraction
for all longwalls are provided in Table 1.1.

Table 1.1  Start and Finish Dates for Longwalls 22 to 28

Longwall Start Date Completion Date
Longwall 22 31 May 2004 27 July 2005
Longwall 23A 13 September 2005 21 February 2006
Longwall 23B 22 March 2006 26 August 2006
Longwall 24B 14 October 2006 2 October 2007
Longwall 24A 15 November 2007 19 July 2008
Longwall 25 22 August 2008 21 February 2011
Longwall 26 30 March 2011 15 October 2012
Longwall 27 8 November 2012 10 April 2014
Longwall 28 24 April 2014 1 May 2015

The predicted movements and impacts resulting from the extraction of Longwalls 27 to 30 were provided in
Report No. MSEC355 (2009, Revision B. The comparisons provided in this report are based on the
subsidence predictions provided in this report.

Longwall 28 was approximately 2,630 metres long and 283 metres wide, rib to rib. The pillar width was
approximately 39 metres, rib to rib. The depth of cover over the panel varied from 420 metres to
490 metres. The seam thickness over the panel varied from 1.9 metres to 2.1 metres.

Chapter 2 of this report describes the locations of the ground monitoring lines and points which were
surveyed during the extraction of Longwall 28. This chapter also provides comparisons between the
observed and predicted movements resulting from the extraction of Longwall 28.

Chapter 3 of this report summarises the surveys and inspections undertaken during the mining of
Longwall 28.

Chapter 4 of this report describes the reported impacts on surface features resulting from the extraction of
Longwall 28, and compares these with the MSEC assessed impacts. The reported impacts on surface
water are provided in other reports.

Appendices A and B include all of the figures and drawings associated with this report.
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2.0 COMPARISON BETWEEN OBSERVED AND PREDICTED SUBSIDENCE MOVEMENTS

2.1.1. Comparison between Observed and Predicted Maximum Subsidence Parameters

Maximum observed incremental and total subsidence parameters during or after the mining of Longwall 28
are shown in Table 2.1. The maximum values do not include parameters observed in creeks, which are
discussed separately in this report.

Table 2.1  Summary of Maximum Incremental and Total Subsidence Parameters due to the mining
of Longwall 28 (beyond creeks)

Maximum Maximum Maximum Maximum
L . Observed Subs Observed Tilt Observed Observed
Monitoring Line . . .
Tensile Strain Comp. Strain
(mm) (mm/m) (mm/m) (mm/m)
Incremental due to LW28 only 774 5.6 25 -4.3
Total after LW28 1082 6.3 4.7 -5.2

Maximum observed incremental and total subsidence parameters for monitoring lines surveyed during
Longwall 28 are summarised in Table 2.2. The maximum value for each parameter (not including creeks) is
highlighted in yellow.

Table 2.2  Summary of Maximum Subsidence Parameters along Monitoring Lines

Maximum Maximum Maximum Maximum
Observed Observed Observed Observed
Monitoring Line Subs Tilt Tensile Compressive
Strain Strain
(mm) (mm/m) (mm/m) (mm/m)
. LW 28 Inc 459 3.8 0.7 -1.6
Bridge St Total 781 47 47 4.8
LW 28 Inc 196 1.0 0.6 -0.4
Brundah Rd Total 1031 43 1.8 48
. LW 28 Inc 9 0.4 0.4 -0.3 (18m bay)
Castl h St I 3
astlereagh St (incl. creek) Total 935 27 06 -11.9 (18m bay)
LW 28 Inc 9 0.5 1.2 -0.6 (8m bay)
) -0.2 (14m bay)
Castlereagh-Myrtle Creek (incl. creek
gh-My @ ) Total 897 26 37 -32.3 (8m bay)
-16.6 (14m bay)
. LW 28 Inc 739 4.9 0.4 -2.1
Hilton Park Rd Total 966 5.3 0.9 46
Krista Pl LW 28 Inc 37 0.3 0.2 -0.0
Total 1028 2.7 0.9 -0.2
LW 28 Inc 774 5.6 1.9 -4.3
Mai h Rail 2D) (incl. Kk
ain Southern Railway (2D) (incl. creek) Total 905 59 20 49
LW 28 Inc 20 1.0 2.0 -1.2
Moorland Rd Total 1035 8.0 23 BB
LW 28 Inc 101 0.8 0.3 -1.5
Myrtle Creek Ave Total 983 47 0.9 2.9
. . . LW 28 Inc 547 5.0 1.2 -0.5
Optical Fibre Line Total 561 59 12 a7
LW 28 Inc 37 0.4 0.6 -0.9
Park A
arkAve Total 804 6.3 11 03
Remembrance Drivewa! LW 28 Inc 541 38 = 21
y Total 987 5.8 18 3.1
River Rd LW 28 Inc 2 0.8 0.3 -0.2
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Maximum Maximum Maximum Maximum
Observed Observed Observed Observed
Monitoring Line Subs Tilt Tensile Compressive
Strain Strain

(mm) (mm/m) (mm/m) (mm/m)
Total 24 1.0 0.7 -0.2
. LW 28 Inc 0 0.5 0.1 -0.1
River Rd South Total 0 0.8 0.3 0.3
Struan St LW 28 Inc 29 0.7 0.4 -0.4
Total 1082 55 0.7 -2.2
Tahmoor Carrier LW 28 Inc 662 5.6 0.7 -2.1
Total 720 5.6 1.0 -2.3
Thirlmere Carrier LW 28 Inc 62 0.4 0.2 -0.3
LW 28 Inc 84 1.0 0.5 -0.3
York St Total 944 4.0 0.7 3.0

2.1.2. Observed Subsidence during the extraction of Longwall 28

Extensive ground monitoring within the urban areas of Tahmoor has allowed detailed comparisons to be
made between predicted and observed subsidence, tilt, strain and curvature during the mining of
Longwalls 22 to 28.

In summary, there is generally a reasonable correlation between observed and predicted subsidence, tilt
and curvature over the majority of the mining area. Observed subsidence was, however, generally slightly
greater than predicted in areas of low level subsidence (typically less than 100 mm).

While there is generally a good correlation between observed and predicted subsidence, substantially
increased subsidence has been observed above most of Longwall 24A and the southern end of
Longwall 25, and slightly increased subsidence was observed above the southern ends of Longwalls 26
and 27. This was a very unusual event for the Southern Coalfield.

It is worth repeating the observations above Longwalls 24A to 27 to place observations during the mining of
Longwall 28 into perspective.

During the mining of Longwall 24A at Tahmoor Mine, substantially increased subsidence was observed and
further increases in observed subsidence compared to the predicted subsidence was observed during
Longwall 25.

These increased levels of subsidence were a very unusual event for the Southern Coalfield and immediate
investigations were undertaken to identify why it occurred. The conclusions of these studies were published
in 2011 in a paper by W. Gale and |. Sheppard (Gale and Sheppard 2011), which advised that the
increased levels of subsidence were likely to be associated with the proximity of these areas to the Nepean
Fault and the Bargo River Gorge and a recognition of the impact of a weathered zone of joints and bedding
planes above the water table, which reduced the spanning capacity of the strata below this highly
weathered section. This later recognition was determined after extensive computer modelling of factors that
may have caused the increased subsidence.

Further subsidence monitoring has occurred over Longwalls 26, 27 and 28 within and around this zone of
increased subsidence since 2011. The zone of increased subsidence extends over the Longwall 24A and
the south-eastern ends of Longwalls 25 to 27, however, the magnitude of the ‘increased subsidence’ has
reduced for each successive longwall. The maximum observed subsidence only slightly exceeded the
maximum predicted for Longwall 28, with the difference being within the accuracy of the subsidence
prediction methods.

Further details of the observed zones of increased subsidence over Longwalls 24A to 27 are shown in five
longitudinal cross sections along Longwall 24A, Longwall 25, Longwall 26, Longwall 27 and Longwall 28 as
Fig. 2.1 to Fig. 2.5 and a discussion on these details is presented below.
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Fig. 2.2 Observed Subsidence along Centreline of Longwall 25
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Fig. 2.4 Observed Subsidence along Centreline of Longwall 27
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Fig. 2.5 Observed Subsidence along Centreline of Longwall 28

Observed Increased Subsidence during the mining of Longwall 24A

e Fig. 2.1 shows the surface levels, the locations of various survey pegs along the centre of
Longwall 24A and the observed incremental subsidence profiles at these survey pegs. It can be
seen that the area of greatest increase in observed subsidence was in an area above the southern
half of Longwall 24A that is closer to the Bargo River Gorge, closer to the Nepean Fault Zone and
within 100 metres of a smaller fault zone that, like several other parallel faults, runs off the Nepean
Fault in an en echelon style and within 140 metres of previous total extraction workings in the 204
panel. The extent of the increased subsidence then gradually reduced in magnitude towards the
northern half of the longwall, which was directly beneath the urban area of Tahmoor.

e |t can be seen from Fig. 2.1 that the observed subsidence was similar to the predicted levels near
Peg R15 on Remembrance Drive. Survey pegs RF19 and LA9 were located within a transition
zone where subsidence gradually reduced from areas of maximum increased subsidence to areas
of normal subsidence.

Observed Increased Subsidence during the mining of Longwall 25

e Fig. 2.2 shows the observed incremental subsidence at survey pegs located along the centreline of
Longwall 25. It can be seen that the area of greatest increase in observed subsidence was in an
area above the southern half of Longwall 25 that is closer to the Bargo River Gorge and closer to
the Nepean Fault Zone.

e The observed incremental subsidence is similar to but only slightly more than was predicted at
Peg RE7 and is similar to the prediction at Peg Y20 and at all pegs located further along the panel.
Survey pegs A6, A7, A8 and A9 are located within a transition zone where subsidence has
gradually reduced from areas of maximum increased subsidence to areas of normal subsidence.

Observed Increased Subsidence during the mining of Longwall 26

e Fig. 2.3 shows the observed incremental subsidence at survey pegs located along the centreline of
Longwall 26. Increased incremental subsidence was observed during the first stages of mining
Longwall 26, but at a reduced magnitude compared to the incremental subsidence observed above
Longwalls 24A and 25.
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e Observed subsidence reduced along the panel until Peg Y40 on York Street, where it was less than
prediction. Survey pegs S9 and RE27 are located within a transition zone where subsidence has
gradually reduced from areas of maximum increased subsidence between Pegs TM26 and MD4 to
areas of normal subsidence at Peg Y40 and beyond.

Observed Increased Subsidence during the mining of Longwall 27

e Fig. 2.4 shows the observed incremental subsidence at survey pegs located along the centreline of
Longwall 27. Increased incremental subsidence was observed during the first stages of mining
Longwall 27, but at a reduced magnitude compared to the incremental subsidence observed above
Longwalls 24A, 25 and 26.

e As shown in Fig. 2.4 the observed subsidence reduced along the panel until Peg 93.140 km on the
Main Southern Railway. Survey pegs MC4, MC7, RE43 and TC4 are located within a transition
zone where subsidence has gradually reduced from areas of maximum increased subsidence
between Pegs MC14 and 93.140 km to areas of normal subsidence along the Railway and beyond.

Observed Subsidence during the mining of Longwall 28

e Fig. 2.5 shows the observed incremental subsidence at survey pegs located along the centreline of
Longwall 28. It can be seen that observed subsidence has returned to near normal levels, within
13% of subsidence predictions.

e Asshown in Fig. 2.5, there is a reasonable correlation between the observed and predicted
subsidence profile along the centreline of Longwall 28.

Analysis and commentary

The cause for the increased subsidence was investigated during the extraction of Longwall 25 by Strata
Control Technology (SCT) on behalf of Tahmoor Colliery as discussed in the previously referenced paper
by Gale and Sheppard (2011).

These investigations concluded that the areas of increased subsidence was consistent with localised
weathering of joint and bedding planes above a depressed water table adjacent to an incised gorge. This
conclusion was further confirmed in further recent report by Gale W. of SCT (2013a), who confirms that:

“Longwall panels 24A and 25 both show increased maximum subsidence to approximately 1.0-1.2m,
where predicted subsidence was in the order of 0.5 - 0.8m. In the study by Gale and Sheppard,
(2011), it became apparent that the increased subsidence is likely to be due to reduction in joint
friction and stiffness due to the weathering process in the strata above the water table where the
water table is considerably lower due to the Bargo Gorge. The intact rock properties were not
changed, only the properties of the joints were altered.”

There have been many locations where monitoring near faults has revealed little increase of observed
subsidence and there are many locations where monitoring near deep gorges and valleys has revealed little
increases in observed subsidence. In summary, it appears that the location of the zones of increased
subsidence is linked to both the;

¢ close proximity and the alignment of the Nepean Fault, which is within 1,000 metres of these
zones; and

¢ close proximity to the Bargo River Gorge, which is approximately 100 metres deep, within 700
metres of these zones. The presence of the Bargo River Gorge has permitted groundwater flows to
weather the joint and bedding plane properties of the surrounding strata.

In light of the above conclusions and observations, three areas or zones have been identified from the
observed subsidence monitoring above the extracted Longwalls 24A to 27 at Tahmoor:

¢ Maximum increased subsidence zone — where the observed vertical subsidence is substantially
greater than the predicted subsidence;

¢ Transition zone — where the subsidence behaviour appears to be transitioned between areas of
maximum increased subsidence and normal subsidence; and

¢ Normal subsidence zone — where the observed vertical subsidence is within the normal range and
correlates well with predictions.

The locations of the three zones are plotted on a plan, using the surveyed pegs that were identified along
the centrelines above Longwalls 24A to 28 as a guide, as shown in Fig. 2.6, it can be seen that the
transition zone is roughly consistent in width above Longwall 24A, Longwall 25 and Longwall 26 and
possibly slightly narrower above Longwall 27. The orientation of the transition zone is also roughly parallel
to the Nepean Fault and the magnitude of the increased subsidence above Longwalls 26 and 27 is reduced
compared to Longwalls 24A and 25. There was little to no increased subsidence identified above

Longwall 28.
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It can be seen in Fig. 2.6 that the alignment of the surface expression of the Nepean Fault is at a similar
distance from the zone of increased subsidence. Two prominent features of the increased subsidence are
that its magnitude reduces with increasing distance away from the Bargo River Gorge, and the magnitude
reduces as it approaches the termination of the overlapping fault plane. This observation supports the
findings of Gale and Sheppard (2011) that the increased subsidence is linked to localised weathering of
joint and bedding planes above a depressed water table adjacent to the incised gorge of the Bargo River
and the presence of the major fault.

It should be noted that the potential impacts of increased subsidence on the structures and infrastructure
within the overlying urban areas of Tahmoor Township were successfully managed by Tahmoor Colliery
through the implementation of effective subsidence management plans.

Despite the above observations and projections, it is recognised that substantially increased subsidence
could develop above the commencing ends of Longwall 29 and Management Plans have been developed
to manage potential impacts if substantial additional subsidence were to occur.
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2.1.3. Analysis of Measured Strain

The distribution of the observed incremental tensile and compressive strains along monitoring lines from the
extraction of Longwall 28, for survey bays located directly above goaf, are shown in Fig. 2.7. In the cases
where the survey bays were measured a number of times during mining, the maximum tensile strain and
the maximum compressive strain for each survey bay were used in these distributions.
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Fig. 2.7 Observed Incremental Strain for Survey Bays above Goaf resulting from the Extraction

of Longwall 28

A Generalised Pareto Distribution (GPD) has been fitted to the raw strain data for Longwall 28, as shown in
the blue lines.

The probability distribution functions for previous monitoring during the mining of Longwalls 22 to 27 are
also shown in this figure, as the dashed green lines. It can be seen from these comparisons, that the
overall distribution of tensile and compressive strain resulting from the extraction of Longwall 28 was similar
to or less than the magnitude of that observed during the mining of Longwalls 22 to 27.
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2.2. Identification of Non-Systematic Subsidence Movements

A plan showing the locations of observed non-systematic movements at Tahmoor is shown in Fig. 2.8. The
locations were selected based on ground monitoring results or observed impacts that appear to have been
caused by non-systematic movement. A total of approximately 50 locations (not including valleys) have
been identified over the extracted Longwalls 22 to 28, of which 5 new locations were observed during the

mining of Longwall 28.
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Monitoring lines were surveyed where non-systematic movement was identified. A summary of non-
systematic movements at these locations is provided below in Table 2.3.

Table 2.3  Locations of New Identified Non-Systematic Movements during Longwall 28
Maximum .
. Maximum
Change in
L . ) Incremental
Monitoring Line or Vertical . Impacts on
; . Strain Type
Location Alignment . Surface Features
. during LW28
during LW28
(mm/m)
(mm)
Impacts on houses.
Small bump in pavement.
. Aligned al ith
Remembrance Drive 20mm over 2.1 Anomal ad'aclir:i cc?r:Or\év;sive
(Pegs RE55 to RE60) 40 metres : y Jace P
strain on Tahmoor
Carrier pipe Pegs TC15
and TC16.
Change in horizontal and
vertical alignment of track
in fault zone, which was
adjusted on three
occasions. No
. trai
Main Southern Railway 15mm over <01 Anomal OE::S;ZSZ:Z?] strr?:k
at 92.850km 30 metres ' y aong track.
Compressive strain may
have developed across
the track but surveys
affected by instability of
cutting batter on Up side
(not mining related).
Change in vertical
Main Southern Railway 28mm over alignment of track. Small
<0.1 Anomaly
(91.700km to 91.820km) 40 metres hump observed on track
at 91.700km.
Substantial valley closure
of 178 mm across
Main Southern Railway 26mm over .Redba'nk Creel.<. Change
40 metres -4.2 Valley closure in horizontal alignment of
at 91.280km track. No changes in
track geometry detected
visually in the track.
No bump visible
i bsid
RK Line mrsftijlestlhsscﬁ 19 Vallev closure Located in farmland with
(Pegs RK18 to RK19) P 9 ' Y no impacts observed.
pegs are spaced
60m apart
Possible non- _
. Compression in
Bridge St Small bump systematic movement avement shoulder and
9 visible in -1.6 due to higher than P

(Pegs BG66 to BG67)

subsidence profile

normal compressive
ground strain.

formation of potholes
during wet weather.

Valley closure movements were also observed across Myrtle and Redbank Creeks, and the results of these

surveys are discussed in following sections of this report.

Changes in vertical alignment have been calculated by measuring the difference in subsidence between

each peg and average subsidence of the adjacent two pegs. The calculations quantify the small ‘bumps’

that are observed in the subsidence profiles.

It can be seen that the majority of non-systematic movements were located in farmland with no impacts

observed.
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2.3. Myrtle Creek and tributaries

A map of monitoring lines across Myrtle Creek and the creek at the Skew Culvert is shown in Fig. 2.9.

Fig. 2.9 Monitoring lines across Myrtle Creek and Skew Culvert

A summary graph showing the development of valley closure across Myrtle Creek at each monitoring line is
shown in Fig. 2.10.
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Fig. 2.10 Development of closure across Myrtle Creek during the mining of Longwalls 24B to 28

A detailed map of survey marks and cross lines across the Skew Culvert is shown in Fig. 2.11, overlaid with
results from the survey of 5 August 2014.
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Observed horizontal movements at Skew Culvert during the mining of Longwall 28

The development of valley closure across the creek at the Skew Culvert is shown in Fig. 2.12.
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Fig. 2.12

Development of closure across Skew Culvert during the mining of Longwalls 26 to 28

A summary of predicted and observed valley closure across Myrtle Creek is provided Table 2.4. The

predictions are consistent with those provided in Report No. MSEC355, in support of Tahmoor Colliery’s
SMP application to extract Longwalls 27 to 30, where predicted total closure was 75 mm.
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Table 2.4  Predicted and Observed Incremental Valley Closure at Monitoring Lines across Myrtle
Creek and Skew Culvert

Predicted and Observed Valley Closure due
to Mining of Each Longwall (mm)

Location Category

Due to Due to Due to Due to Due to

LW24 LW25 LW26 LwW27 LW28
Castlereagh St Predicted 30 55 45 25 15
(Pegs CM2 to CM4) Observed 12 179 52 8 3
Elphin_Myrtle Predicted 60 70 40 - -
(Pegs EM3 to EMS) Observed 21 142 22 ; ;
Elphin St/ Brundah Rd Predicted 5 5 30 - -
(Pegs E13 to E17) Observed 0 21 6 - -
Huen Pl Predicted 60 35 15 - -
(Pegs H9 to H13) Observed 58 15 20 - -
Predicted 15 30 30 15 -

Main Southern Railway

Upstream (MCU1 to MCU4) 57 (dis) to 36 (ds) to 5 (dS) to
Downstream (MCD1 to MCD4) Observed

- 86 (u/s) 50 (u/s) 12 (uls) -
Predicted <5 10 25 25 10
Skew Culvert 21to 60 810 36 1to5
(8 cross-sections) Observed (average (average (average
) - 36) 21) 3)
13 York St Predicted - - 65 50 20
(Pegs Y64-6 to Y64-8) Observed ] . 51 9 1
9a York St Predicted - - 85 85 25
(Pegs Y67-10 to Y67-14) Observed - - 73 No access ~ No access
MXA Line Predicted - - - 150 75
(Pegs MXA-6 to MXA-7) Observed - - - 115 138
MXB Line Predicted - - - 170 150
(Pegs MXB-1 to MXB-2) Observed _ _ N 94 144
MXC Line Predicted - - - 150 170
(Pegs MXC-3 to MXC-4) Observed R - - 67 132
MXD Line Predicted - - - 50 70
(Pegs MXD-4 to MXD-5) Observed ] . ; 17 98

It can be seen from the above table, that the observed valley closure has substantially exceeded predictions
at the Castlereagh Street crossing, at the crossing of the Elphin-Myrtle monitoring line and, to a lesser
extent, the crossing of the Main Southern Railway during the mining of Longwall 25. It is considered that
the reason for the differences in observations may be linked to the change in orientation of Myrtle Creek as
the three above-mentioned monitoring lines are located along the same stretch of Myrtle Creek. It is noted,
however, that substantially less closure has developed at Castlereagh Street than predicted during the
mining of Longwall 27.

Observed valley closure across Myrtle Creek where it flows directly above Longwalls 27 and 28 (MXA to
MXD lines) have generally been less than predictions, but greater in magnitude across monitoring lines
above previously extracted longwalls. This was expected because the valley is deeper compared to
sections further upstream.
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2.4. Redbank Creek

The ability to survey valley closure across the creek has been constrained by refusal by landowners to
provide access. There is no access on the northern bank and limited access on the southern bank.

In light of the access constraints, ground surveys were undertaken in relative 3D from Bridge Street to a
monitoring line that is located in cleared pasture land along the top of the valley, as shown in Fig. 2.13.

This has provided measurements of total valley closure. Some survey pegs have been installed along a
fence line on the southern side to a point where surveyors can sight a survey peg on Bridge Street. Despite
the best efforts of the survey team, the accuracy of the survey is challenged by the lack of cross lines
across Redbank Creek. Baseline monitoring indicates that the valley closure measurements were accurate
to approximately 20 to 30 mm.

NNES gr

E
-

Fig. 2.13 Location of survey marks across Redbank Creek

Graphs showing observed subsidence, tilt and strain along each of the monitoring lines are provided
Figs. A.25 to A.32 and drawings showing incremental subsidence and relative horizontal movements are
shown in Drawings Nos. MSEC777-02 and MSEC777-03.

The development of incremental valley closure across Redbank Creek and its tributaries during the mining
of Longwall 28 against both time and the distance between the survey pegs and the longwall face are
shown in Fig. 2.14 and Fig. 2.15, respectively.

The closures are based on calculating changes in horizontal distance between pegs located across the
valley in an orientation that is approximately parallel to the longwall panel. This orientation was chosen as
Redbank Creek flows approximately at right angles across the panel.

Different results can be derived if the calculations were based on different pairs of pegs, though it is
considered that if different pairs were chosen, such calculations would include an additional component of
conventional and non-conventional ground shortening that occurs across the panel in both plateau areas or
valleys. This is particularly the case if the pegs are located across the width of the longwall panel from each
other. When comparing the results against predictions of valley closure, it was considered simpler to
choose pegs that are approximately aligned with longwall direction so as not to make allowances for the
additional effects of conventional lateral ground closure movements.
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Fig.2.14 Observed development of closure across Redbank Creek over time
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A number of observations are made from the monitoring data.

It can be seen from Fig. 2.14 that valley closure was slightly greater for a temporary period of time,
when the transient effects of the subsidence travelling wave passed through the valley.

Maximum observed closure above Longwall 28 was greater than above Longwall 27. This was
predicted as the valley is deeper and more incised above Longwall 28.

Measured closure between Pegs RX18 and BG78 is representative of measured valley closure at
Redbank Creek Culvert. It can be seen that this result is larger than other survey bays over solid
coal. Itis considered that the closure is greater due to the influence of both Redbank Creek and
the tributary. As shown in Fig. 2.15, closure across the tributary was approximately 110 mm, which
represents more than half the total closure observed across the culvert.

A similar magnitude of valley closure was observed across a tributary above Longwall 27. Closure
did not increase at this location during the mining of Longwall 28.

A comparison between observed and predicted valley closure along Redbank Creek is shown in Fig. 2.16.
A number of observations are made from the monitoring data.

There has been a reasonable correlation between predicted and observed closure at the
completion of Longwall 28.

Observed total closure from the mining of Longwalls 26, 27 and 28 is less than predicted.

Above the chain pillar between Longwalls 27 and 28, the incremental of valley closure during the
mining of Longwall 28 is similar in magnitude to observed valley closure above Longwall 27.

Maximum predicted valley closure due to extraction of Longwall 28 was 167 mm. As shown in the bottom
graph of Fig. 2.16, observed maximum incremental valley closure at the completion of Longwall 28 was
177 mm. It can also be seen from the top graph of Fig. 2.16 that observed total closure from the mining of
Longwalls 26, 27 and 28 is less than predicted.

Observed total closure is also less than the predicted total closure of 390 mm due to the mining of
Longwalls 22 to 28, as reported in Report No. MSEC355.

Total Closure
due to LW26 + LW27 + LW28 (mm)

Incremental Closure
due to LW28 only (mm)
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Fig. 2.16 Comparison between observed and predicted valley closure along Redbank Creek
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2.5. Main Southern Railway

The Main Southern Railway was surveyed in either 2D or 3D for a total of 55 times on a weekly basis during
the extraction of Longwall 28. Details of the monitoring undertaken are provided in the monitoring reports
prepared by MSEC on behalf of Tahmoor Colliery and these reports have been provided to ARTC
throughout the mining period.

The Main Southern Railway experienced a maximum of 774 mm of subsidence during the mining of
Longwall 28.

When comparing predicted and observed subsidence, the following comments are provided:
e Observed maximum subsidence is slightly greater than predicted maximum subsidence.

e The survey line was re-established along the new alignment after the completion of the Deviation
works. As the survey line was installed after the construction of the Deviation, it missed
subsidence movements that developed during the mining of Longwalls 25 and 26. Actual total
subsidence along the railway above previously extracted Longwall 27 is therefore more than shown
in Fig. A.47, bringing the results closer to prediction.

e There is a reasonable correlation between the shapes of the predicted and observed subsidence
profiles. There is, therefore, a reasonable correlation between predicted and observed maximum
tilt.

e While there is a reasonable relationship between the predicted and observed shapes of the
subsidence profile, a pronounced bump was observed in the subsidence profile at 93.560 km. The
bump did not coincide with increased compressive strain along the track but, instead, increased
compressive strain of approximately 3.5 mm/m over a 20 metre bay length was observed across
the track. Itis postulated that the bump was oriented sub-parallel to the track. It is noted, that
increased compressive strain of approximately 1.8 mm/m was observed south of the bump near
93.620 km and this may be related to the geological feature that caused the bump at 93.560 km.

e Bumps are observed in isolated locations, including between 91.700 km and 91.820 km, and above
Redbank Creek Culvert at 91.280 km.

¢ Observed ground strains along the railway corridor have generally relatively small in magnitude,
with increased ground strains observed at a number of isolated locations. Increased ground strains
have been observed across Myrtle Creek, the creek at the Skew Culvert, and across Redbank
Creek as expected (refer Section 2.3).

2.5.1. Automated Track Monitoring
Rail Stress Transducers

Rail stress transducers are located along all four rails of the railway track, spaced every 25 to 33 metres.
They measured changes in rail strain every 5 minutes during the mining of Longwall 28. Rail stresses
exceeded triggers during the mining of Longwall 28 where low SFT had been observed during a period of
very high track temperatures.

Expansion switch displacement sensors

Displacement sensors have been installed at each expansion switch. Measurements were recorded every
5 minutes during the mining of Longwall 28. Mining-induced changes were observed, though larger
changes were due to thermal effects. Some low level (Blue) alarms were triggered as a result of
subsidence in combination with low or high rail temperatures. The alarms were responded to in accordance
with the Management Plan. Some of the responses had already been planned in anticipation of the alarm.

2.5.2. Skew Culvert at 93.342 km

A total of 8 ground surveys, 4 extensometer surveys and 7 detailed visual inspections were undertaken for
the Skew Culvert on a weekly to monthly basis in accordance with the agreed management plans with
ARTC.

Very little additional subsidence and strain was observed during the mining of Longwall 28, with no new
impacts observed.

2.5.3. Redbank Creek Culvert and Embankment at 91.265 km

A total of 28 ground surveys, 36 extensometer surveys and 25 detailed visual inspections were undertaken
for the Redbank Creek Culvert and Embankment on a weekly to monthly basis in accordance with the
agreed management plans with ARTC, as amended in agreement with DRE.
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The Culvert has subsided between approximately 24 mm and 147 mm in total during the mining of
Longwalls 27 and 28.

Observed absolute horizontal movements along the Main Southern Railway are shown in Fig. 2.17. It can
be seen that the rockmass on the Sydney side of the Culvert has moved substantially relative to the
Country side. When observed in conjunction with the relative 3D surveys, as shown in Drawing No.
MSEC777-03, it is clear that the boundaries of the rockmass are approximately Redbank Creek and the
tributary, with ground strains relatively small in the plateau areas.

Observed incremental subsidence and horizontal movement of survey marks in the immediate of the culvert
and embankment are shown in Fig. 2.18. The results show that boundaries of the rockmass in the south-
western quadrant intersect with the country side of the culvert. The corner of the rockmass is approximately
aligned with midpoint of the culvert, which correlates well with observed detailed closure measurements
inside the culvert itself.

The observed gradual development with time of differential horizontal movements between selected pegs at
the culvert and embankment are shown in Fig. 2.19. Maximum observed closure was measured between
the long bay survey pegs on the track at 91.220 km and 91.360 km, though a very similar result was
observed between Pegs RBCCU4 and RBCCUSG, which are located in the base of the embankment across
the upstream inlet. This suggests that closure across the valley of Redbank Creek and its tributary, were
focussed at the culvert. This was confirmed at greater detail from additional detailed surveys in the culvert,
which are discussed later.

Whilst the ends of the wingwall on the upstream end closed almost 100 mm, the culvert barrel at the inlet
closed only 20 mm. Very little closure was observed across the culvert barrel or wingwalls at the
downstream inlet.

Fig. 2.17 Observed total horizontal movement along Main Southern Railway during the mining of
Longwalls 27 and 28 as at 5 May 2015
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Fig. 2.19 Observed Total Valley Closure over time across Redbank Creek Culvert at Main

Southern Railway during the mining of Longwall 28 (includes closure from Longwall 27)

END OF PANEL SUBSIDENCE MONITORING REPORT FOR TAHMOOR LONGWALL 28
© MSEC SEPTEMBER 2015 | REPORT NUMBER MSEC777 | REVISION A

PAGE 22




I\Projects\ TahmoonSurveyDala\Main Soulhermn Railway\Long Bay Surveys\Fig.4 - Long Bays LW28.grl

£ 100
= il
[
S~ .
—
= il
g il
0 —
g i ﬂ\n\\*__.\
I

o - [
= 1 ™
o = \il\
+ -100 .-
C -—
(=] T |
N 4 e
N .

| -— |
:IO: 7 | -
< -200
! il
5 i 91.220 km lo 91.360 km
o 7 (Across 1edbank Creek Culvert)
L il
5 -300 \\\\1\\\\1\\\\1\\\\1\\\\1\\”1\\\\1\\\\1\\\\\\\\\\\\\\\\\\\\\\\\ TTTTT I T T T T T T T T T I T T T T T T T T T T T T I T T T T T T T T T T T T T T I T T T T T I T T T T IrTTT

o 9 O o © o © o o 9 o o o o © o0 9 o o © 0O o © o o o o o o

S
SEEEEISEEREEER "R EERERESEERRERE

Date

Fig. 2.20 Observed Total Valley Closure as measured by long bay survey, relative to face
distance across Redbank Creek Culvert at Main Southern Railway during the mining of Longwall 28
(includes closure from Longwall 27)

It can be seen from Fig. 2.20 that the majority of valley closure movements occurred from when the longwall
face had approached within 300 metres of the culvert, until the longwall face had passed the culvert by
approximately 300 metres.

Observed along subsidence the base of the embankment on the upstream side is shown in Fig. 2.21. The
results show valley closure focussing between Pegs RBCCU4 and RBCCUS6, with upsidence observed at
Peg RBCCUA4.

END OF PANEL SUBSIDENCE MONITORING REPORT FOR TAHMOOR LONGWALL 28
© MSEC SEPTEMBER 2015 | REPORT NUMBER MSEC777 | REVISION A m
PAGE 23



Tahmoor Colliery - Redbank Creek Culvert
Total Subsidence Profiles
along Up Base of Embankment during LW28
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Fig. 2.21 Observed subsidence, tilt and strain across the upstream base of Redbank Creek
Culvert during the mining of Longwall 28 as at 4 June 2015

2.6. Sewer Infrastructure

2.6.1. Sewer grades

Subsidence monitoring was undertaken along the streets and along the Tahmoor Carrier and Thirlmere
Carrier pipes during mining.

The Tahmoor Carrier is the main branch servicing the majority of Tahmoor township. A total of 17 surveys
were undertaken along the Tahmoor Carrier during the mining of Longwall 28. One area of focus was
changes in grade between Pegs TC5 and TC6, where pipe grades were predicted and observed to reduce
during the mining of Longwall 27. As expected, the mining of Longwall 28 increased the predicted grade in
this area almost to the pre-mining grade, as shown in Fig. 2.22.
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Fig. 2.22 Observed changes in mining-induced tilt and sewer grade at Tahmoor Carrier between
Pegs TC5 and TC6

As shown in Fig. A.39, increased compressive ground strain was observed between Pegs TC15 and TC16,
and observed changes are shown in Fig. 2.23.
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Fig. 2.23 Observed changes in strain and vertical alignment at Tahmoor Carrier between
Pegs TC15 and TC16
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The affected section of pipe is located directly beneath part of a house. Sydney Water undertook a CCTV
inspection in early July, with no issues noted. A follow up CCTV inspection was undertaken in late July,
and no issues were found. Visual inspections around the house and driveway have not detected any
impacts.

The Thirlmere Carrier is the main branch servicing the majority of Thirlmere township. A total of 25 surveys
were undertaken along the Thirlmere Carrier during the mining of Longwall 28. One area of focus was
changes in grade between Pegs BG54 and BG57, where pipe grades were predicted and observed to
reduce during the mining of Longwall 27. As expected, the mining of Longwall 28 increased the predicted
grade in this area, as shown in Fig. 2.24. Grades over one short 20 metre bay between Pegs BG55 and
BG56 may not recover above 0.2 %. No impacts have been observed to the sewer.
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Fig. 2.24 Development of tilt on Bridge Street between pegs BG54 and BG57
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2.7. Power Pole Surveys

A total of 121 surveys of selected power poles were conducted in accordance with the agreed management
plan with Endeavour Energy. No impacts were observed to any power pole or cables during the mining of
Longwall 28, as expected.

Of the poles that were surveyed, maximum subsidence of 637 mm was observed at Pole TEL2 on River
Road.

2.8.  Wollondilly Shire Council

2.8.1. Castlereagh Street Bridge

A total of 5 detailed surveys of the Castlereagh Street Bridge were undertaken in accordance with the
agreed management plan and the results are shown in Fig. 2.25.

As discussed in Section 2.3, Castlereagh Street Bridge experienced 3 mm of valley closure during the
mining of Longwall 28, which is within survey tolerance.
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Fig. 2.25 Castlereagh Street Bridge
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2.8.2. Remembrance Drive Bridge

Survey marks were installed on the Remembrance Drive Road Bridge prior to the extraction of

Longwall 24A. While the Bridge has experienced approximately 40 mm of subsidence, measured changes
in horizontal distances between the abutments are small and close to survey tolerance. Minor closure has
been measured, as shown in Fig. 2.26. This includes the measured changes in horizontal distances across

the gas pipe supports. Vertical subsidence is relatively consistent across all survey marks, indicating that
no measureable upsidence has occurred to date.
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Fig. 2.26 Observed subsidence and changes in horizontal distances across the abutment and
gas pipe supports at Remembrance Drive (Myrtle Creek) Road Bridge
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2.9. Tahmoor House

Tahmoor House is an item of heritage significance, which is located on Remembrance Drive. A total of 17
detailed surveys of Tahmoor House were undertaken in accordance with the agreed management plan.

A maximum of 408 mm of subsidence has been observed around the perimeter of Tahmoor House during

Longwall 28, as shown in Fig. A.43 and a total of 561 mm of subsidence has been observed since the
commencement of Longwall 27, as shown in Fig. A.44.

Vertical subsidence around the property has remained relatively uniform. Slightly more subsidence

(approximately 10 mm) is observed at the western side of the house compared to the eastern side, as seen
in Fig. 2.27.
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Fig. 2.27 Development of subsidence for ground pegs around Tahmoor House over time

Ground strain is a measure of change in horizontal distance between adjacent survey pegs, divided by their
original length. Both ground strain and measured changes in horizontal distance have been shown in

Fig. A.43 as the survey pegs are not uniformly spaced around the house. Measured changes in horizontal
distances are in the order of 12 mm and ground strains are generally tensile in nature.
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3.0 SUMMARY OF SURVEYS AND INSPECTIONS

Many surveys and inspections were conducted to meet the requirements of the Surface, Safety and
Serviceability Management Plans. Due to the complexities involved, surveys and inspections were
managed using a computer database on a weekly basis. A register was also kept, detailing when each
survey and inspection had been completed. A timeline showing when each type of survey and inspection
was conducted is shown in Fig. 3.1 and Fig. 3.2 below.
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Fig. 3.1 Timeline of Surveys and Inspections during Longwall 28
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Fig. 3.2 Timeline of Surveys and Inspections during Longwall 28

A count of the total numbers of surveys and inspections is provided in Table 3.1
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Table 3.1  Number of Surveys and Inspections conducted during Longwall 28

Inspection / Survey Responsibility Number of Inspections / Surveys
Ground Monitoring Surveys
SMEC Urban 70
Sub-Total 70
Natural Features
Myrtle Creek Crossings Surveys SMEC Urban 14
Myrtle Creek Visual Inspections GeoTerra 13
Redbank Creek Survey Lines SMEC Urban 23
Redbank Creek Visual inspections GeoTerra 22
13 York St Surveys SMEC Urban 6
Sub-Total 78
Main Southern Railway
Ground Surveys Meadows Consulting 85
Rail Creep Surveys Meadows Consulting 55
Long Bay Surveys Meadows Consulting 55
Track Geometry Surveys Railcon / BloorRail 56
Track Inspections Railcon / BloorRail 56
Cutting Surveys Meadows Consulting 5
Embankment Surveys Meadows Consulting 22
Noise Wall Surveys Meadows Consulting 22
Deviation Overbridge Surveys Meadows Consulting 24
Bridge St Overbridge Surveys Meadows Consulting 22
Skew Culvert Surveys Meadows Consulting 8
Skew Culvert Extensometer Surveys GHD 4
Skew Culvert Visual Inspections GHD 7
Redbank Creek Culvert Surveys Meadows Consulting 28
Redbank Creek Culvert Extensometer Surveys GHD 36
Redbank Creek Culvert Visual Inspections GHD 25
Sub-Total 510
Jemena - Gas
Remembrance Drive Bridge Surveys SMEC Urban 24
Sub-Total 24
Sydney Water - Sewer
Tahmoor Carrier Pipe Surveys SMEC Urban 18
Thirlmere Carrier Pipe Surveys SMEC Urban 17
CCTV Inspections Sydney Water 2
Sub-Total 37
Endeavour Energy - Electrical
Power Pole Surveys SMEC Urban 121
Sub-Total 121
Telstra - Telecommunications
Optical Fibre Line Surveys SMEC Urban 7
Sub-Total 7
Structure Inspections
Houses and Units Sergon 110
Pools and Pool Gates Sergon 169
Dams GeoTerra 4
Sub-Total 283
Wollondilly Shire Council
Castlereagh St Bridge SMEC Urban 5
Remembrance Drive Footbridge Surveys SMEC Urban 24
Remembrance Drive Bridges Visual Inspections Colin Dove 14
Sub-Total 43
Heritage
Tahmoor House Surveys SMEC Urban 17
Tahmoor House Visual Inspections Colin Dove 13
Sub-Total 20
Total 1186
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4.0 IMPACTS TO SURFACE FEATURES

4.1.

Summary of Impacts to Surface Features

A comparison between assessed and observed impacts to surface features is summarised in Table 4.1
below. The assessed and observed impacts to surface features compare reasonably well, with the

exception of locations where non-systematic movements have occurred.

Table 4.1

Summary of Predicted and Observed Impacts during Longwall 28

Surface Feature

Predicted Impacts

Observed Impacts

Natural Features

Myrtle Creek and Redbank Creek

Potential cracking in creek bed.
Potential surface flow diversion.
Potential reduction in water quality
during times of low flow.
Potential increase in ponding.

Aquifers or known groundwater
resources

Temporary lowering of piezometric
surface by up to 10m which may stay at
that level until maximum subsidence
develops
Groundwater levels should recover with
no permanent post mining reduction in
water levels in bores on the plateau
unless a new outflow path develops
Potential impacts to privately owned
groundwater bores
Please refer report by GeoTerra.

Steep slopes and cliffs

Potential soil slippage and cracking to
slopes. Large scale slope failures or
cliff instabilities unlikely.

Natural vegetation

No impacts anticipated

Public Utilities

Railway

Railway will remain safe and
serviceable with management plans in
place.

Roads and Bridges
(all types)

Minor cracking and buckling may occur
in isolated locations.
Bridges will remain safe and
serviceable with management plans in
place.

Stream bed cracking and loss of pool
holding capacity has been observed in
numerous pools and stream reaches in

Myrtle and Redbank Creeks over
LW’s 25 to 28. Increased ferruginous
and salinity levels have been observed
downstream of both Myrtle and
Redbank Creek subsidence zones,
along with elevated nickel, zinc, iron
and manganese in Redbank Creek due
to subsidence. Refer report by
GeoTerra and Section 4.2.

Depressurisation of two groundwater

monitoring boreholes observed, with

partial depressurisation in the Bulgo
Sandstone at 3 other boreholes.

No indication of any adverse
interconnection between aquifers and
aquitards within 20m of the surface.
No impacts on privately owned bores in
yield, serviceability or quality.
Please refer report by GeoTerra.

No impacts observed during
Longwall 28.

No impacts observed during
Longwall 28.

Railway maintained in safe and
serviceable condition during mining.
The railway infrastructure has
experienced some impacts during
mining.

Refer to Section 4.3 for further details.
Minor impacts to pavement and kerbs in
isolated locations along most streets
located directly above the longwall.
Small bump and dip in pavement on
Remembrance Drive, and compression
bumps on Bridge Street.

Refer Section 4.4 for further details.
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Surface Feature

Predicted Impacts

Observed Impacts

Water pipelines

Minor impacts possible to pipelines,
particularly older cast iron pipes with
lead joints.

Gas pipelines

Ground movements unlikely to
adversely impact pipelines if systematic
movement occurs.

Sewer pipelines

Mining induced tilt unlikely to reduce
grade less than that required for self-
cleansing.

Cracking to pipes and joints is unlikely
if systematic movement occurs.
Potential impacts where non-
systematic movement occurs.

Electricity transmission lines
or associated plants

Ground movements unlikely to
adversely impact electrical
infrastructure if systematic movement
occurs.

Telecommunication lines
or associated plants

Ground movements unlikely to
adversely impact telecommunications
infrastructure if systematic movement

occurs. Most vulnerable cables are
older cables such as air pressurised
lead sheathed cables. Strains may be
higher where cables connect to support
structures or where affected by tree
roots.

Public Amenities

No public amenities affected by
Longwall 28

Farmland and Facilities

Farm buildings or sheds

Negligible to slight impacts predicted
for all farm buildings and sheds if
systematic movement occurs.

Potential for impacts to fences and

Fences
gates.
Potential adverse effects on dam walls
Farm dams and storage capacity.

Please refer report by GeoTerra.

Wells or bores

Potential impact on one NOW
registered bore. Please refer report by
GeoTerra.

Industrial, Commercial or Business
Establishments

No business and commercial
establishments affected by
Longwall 28.

Areas of Archaeological
Significance

Potential fracturing, rock falls or water
seepage affecting artwork on rock
shelter on Myrtle Creek.

Low potential for impacts on rock
shelter with art and isolated artefact
site, both of which are located directly
above future Longwall 29.

Areas of Heritage Significance

Potential damage to Tahmoor House

Permanent Survey Control Marks

Ground movement predicted at
identified survey marks.

No impacts observed during
Longwall 28. Refer Section 4.5 for
further details.

No impacts observed during
Longwall 28.

Refer Section 4.6 for further details.

No impacts during Longwall 28, though
some CCTV inspections were
undertaken to confirm.

Refer Section 4.7 for further details.

No impacts observed during
Longwall 28.
Refer Section 4.8 for further details.

No impacts observed during
Longwall 28.
Refer Section 4.9 for further details.

No public amenities affected by
Longwall 28

No impacts observed during
Longwall 28.

No impacts reported to fences on farm
properties during Longwall 28.

No dam wall cracking and no adverse
effects on dam wall integrity or dam
water storage reduction have been

observed from field investigations. No
claims reported during Longwall 28.

Please refer report by GeoTerra.
No impacts observed during
Longwall 28.
Please refer report by GeoTerra

No business and commercial
establishments affected by Longwall 28.

No impacts on archaeological sites
observed.

Minor impacts on Tahmoor House during

Longwall 28. Refer Section 4.10 for
details.

Ground movement occurred.
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Surface Feature Predicted Impacts Observed Impacts

Residential Establishments

All houses expected to remain safe,
serviceable and repairable provided

Houses, flats or units that they are in sound condition prior to
mining. Impacts predicted to some

houses. Refer Section 4.11 for details.

All dwellings expected to remain safe,
serviceable and repairable provided

Retirement or aged care villages that they are in sound condition prior to
mining. Impacts predicted to some

dwellings.

While predicted tilts are not expected to

cause a loss in capacity, tilts are more

readily noticeable in pools as the height Impacts to 32 pools during the mining

While impacts occurred, houses were
safe, serviceable and repairable during
Longwall 28. Refer Section 4.11 for
details.

No impacts reported to dwellings
during Longwall 28.

Swimming pools of the freeboard will vary along the of Longwalls 22 to 28, and no impacts
length of the pool. While predicted to pools reported during the mining of
strain impacts are low, many of the Longwall 28.
pools are inground, which are more
susceptible.

Potential impact to pipes connected to
inground septic tanks.
Negligible impacts predicted for non-
residential domestic structures,
including sheds and tanks.

Associated structures such as
workshops, garages, on-site
wastewater systems, water or gas
tanks or tennis courts

Impacts to 2 retaining walls were
reported during Longwall 28.

Impacts to external pavements were
reported by5 properties during
Longwall 28.

Cracking and buckling likely to occur,

External residential pavements o .
though majority minor.

Some fences and gates could be
Fences in urban areas slightly damaged. Most vulnerable are
Colorbond fences.

No impacts to fences reported during
Longwall 28.

4.2. Creeks

4.2.1. Myrtle Creek

GeoTerra undertook an investigation into the effects of Longwall 28 on surface and ground waters in the
area (GeoTerra, 2015).

During the mining of Longwall 28, new or additional subsidence effects were observed at Sites 9, 10 and 11
over the chain pillar between Longwalls 26 and 27, Sites 12 to 19 directly above Longwall 27, and at

Sites 20 to 26 above Longwall 28 (refer to report by GeoTerra for locations of sites). Re-emergence of the
stream “through-flow” has been observed downstream of Longwall 28.

Cracking was observed at the above sites and pools were observed to drain at times of low flow.

The creek trended to being slightly more alkaline and then became more acidic downstream of the
subsidence zone. Sulphate, bicarbonate, iron, and manganese levels are generally not elevated, with the
exception of two isolated occasions during the mining of Longwall 27. No observable trend or change in
level of aluminium was observed during the mining of Longwall 28, however notable increases in copper (at
one site) and zinc (at two sites) were observed during the mining of Longwall 28.

A new seep has been generated at Site 21A, which maintains flow in Site 22, however the water that flows
into a large pool at Site 23 is generally insufficient to maintain above low levels and the pool often dries out.
Seepage flow is generally observed in a downstream pool at Site 24, with pool levels often maintained
although are now more responsive from Sites 25 to 31.

END OF PANEL SUBSIDENCE MONITORING REPORT FOR TAHMOOR LONGWALL 28
© MSEC SEPTEMBER 2015 | REPORT NUMBER MSEC777 | REVISION A m
PAGE 35



4.2.2. Redbank Creek

GeoTerra undertook an investigation into the effects of Longwall 28 on surface and ground waters in the
area (GeoTerra, 2015).

During the mining of Longwall 28, new or additional subsidence effects were observed at Site 24 directly
above Longwall 27, and at Sites 29 to 33 above Longwall 28 (refer to report by GeoTerra for locations of
sites). Re-emergence of the stream “through-flow” has been observed downstream of Longwall 28.

Increased salinity has been observed downstream of the subsidence zone. Elevated levels of iron,
manganese, zinc and nickel were observed during the mining of Longwall 28. No observable trend or
change in levels of aluminium or copper was observed during the mining of Longwall 28.

A number of seeps were identified in Redbank Creek prior to mining. No new springs have been
generated, or reduced, due to subsidence due to the mining of Longwalls 22 to 28.

4.2.3. Comparison against Triggers in Natural Features Management Plan

The observed impacts have been compared against the triggers stated in Section 3.1.1 of the Natural
Features Surface Safety and Serviceability Management Plan for Longwalls 27 to 30, (Rev. |, November
2012).

Table 4.2  Comparison against Triggers for Myrtle and Redbank Creeks during Longwall 28

Trigger Myrtle Creek Redbank Creek
Tri - Tri .
Redirection of surface water flows and pool level / flow ) .rlgger exceeded durlng rlgg.er. exceeded during
decline of >20% during mining compared to baseline for mining of LW28 between Sites mining of LW28 at
> 2 months, considering rainfall / runoff variabilit 13A and 17, and Site 20 Sites 21/21A and Site 24
' 9 y above LWs 27 and 28. above LW27.
Significant reducti d to baseline, predicted . . . .
ir:]gr:‘;fsa; srteo:ecr Igr;;?:;ia;i d ;(C:ZZ I;est:r:?ialrcde Trigger not exceeded during Trigger exceeded at Site 37
P mining of LW28. over LW29 on 5 March 2015.

deviations compared to baseline

4.3. Main Southern Railway

4.3.1. Railway Track

While changes were observed, the Main Southern Railway remained serviceable at all times during the
mining of Longwall 28. The track condition deteriorated slightly in isolated locations as a result of mining
and the track was resurfaced.

During the mining of Longwall 28 some of the triggers associated with the Tahmoor Colliery Longwall 28
Management Plan for Longwall Mining beneath the Main Southern Railway (Rev B, March 2014) were
exceeded.

Rail stresses exceeded triggers on one occasion during the mining of Longwall 28, as a result of low SFT at
time of high track temperatures.

With respect to switch displacement triggers, some low level (Blue) alarms were triggered as a result of
subsidence in combination with low or high rail temperatures. The alarms were responded to in accordance
with the Management Plan. Some of the responses had already been planned in anticipation of the alarm.

4.3.2. Skew Culvert
Tahmoor Colliery has successfully extracted directly beneath the Skew Culvert.

While impacts occurred during the mining of previous longwalls, very little additional valley closure was
observed during the mining of Longwall 28 and no changes to existing cracks in the culvert were observed.
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4.3.3. Redbank Creek Culvert and Embankment

Tahmoor Colliery has successfully extracted Longwall 28 adjacent to the Redbank Creek Culvert.
Substantial ground shortening of approximately 180 mm was observed along the length of the culvert, and
ground extension of approximately 110 mm was observed in the transverse direction.

A detailed Subsidence Management Plan was developed to manage potential impacts on the Redbank
Creek Culvert and Embankment during the mining of Longwall 28.

The Monitoring Review Point Trigger of closure across the Culvert barrel was exceeded during the mining
of Longwall 28. The culvert experienced cracking and spalling of brickwork but remained safe and
serviceable during and after mining. Extensive additional measures are being installed in the Culvert in
preparation for the influence of Longwall 29.

The Redbank Creek Culvert and Embankment has remained safe and serviceable during the mining of
Longwall 28. The Monitoring Review Point trigger level for extension of the embankment was exceeded
during mining. The Rail Management Group reviewed the monitoring data and the results of the visual
inspections and agreed to incrementally increase the Monitoring Review Point from 25 mm to 50 mm, then
75 mm and lastly 100 mm. The decisions were based mainly on observations of no signs of distress by the
geotechnical engineer.

4.4, Roads and Bridges

4.4.1. Roads

Approximately 25.2 kilometres of asphaltic pavement lie directly above the extracted longwalls and a total of
48 impact sites have been observed. The observed rate of impact equates to an average of one impact for
every 525 metres of pavement. The impacts were minor and did not present a public safety risk.

A collection of photographs of impacts is provided in Fig. 4.1.
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York Street Tahmoor House Court

Remembrance Drive Bridge Street

Bridge Street

Photographs courtesy of Colin Dove

Fig. 4.1 Photographs of Impacts to Road Pavements and Kerbs during Longwall 28
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4.4.2. Castlereagh Street Bridge

Impacts were experienced at Castlereagh Street Bridge during the mining of Longwall 26 and these were
documented in the End of Panel report for Longwall 26. No additional impacts were observed during the
mining of Longwalls 27 and 28.

45. Potable Water Infrastructure

Longwalls 22 to 28 have directly mined beneath approximately 4.8 kilometres of ductile iron concrete lined
(DICL) pipe and 19 kilometres of cast iron concrete lined (CICL) pipe, with only minor impacts recorded. No
impacts were observed during the mining of Longwall 28.

4.6. Gas Infrastructure

Longwalls 22 to 28 have directly mined beneath approximately 17.9 kilometres of gas pipes and no impacts
have been recorded so far. The local nylon and 160 mm polyethylene main along Remembrance Drive are
very flexible and have demonstrated that they are able to withstand the full range of subsidence
experienced at Tahmoor to date.

47. Sewer Infrastructure

Longwalls 22 to 28 have directly mined beneath approximately 28.8 kilometres of sewer pipes. The
following observations have been made:

¢ Changes to grades of self-cleansing gravity sewers
While changes in sewer grades have occurred as a result of mine subsidence, no blockages or
reversals of grade have been observed. This includes observations at locations above
Longwalls 24A to 28 where specific ground surveys were undertaken to confirm that mining-
induced tilts did not exceed pre-mining grades.

e Physical damage to pipes
There were no observations of damage during the mining of Longwalls 22 to 24 and Longwalls 27
and 28. Physical damage was observed at three locations during the mining of Longwall 25. In
each case the pipes remained serviceable, though repairs were required at each location.

0 Crushing and vertical bending of 150 mm diameter pipe at Abelia Street. The impacts
coincide with a large measured ground strain of 4.6 mm/m (over a 22 metre bay length)
between Pegs A12 and A13, a measured vertical bump in the subsidence profile and an
observed hump in the road pavement. The pipe was repaired prior to the influence of
Longwall 26 and no impacts were observed to the repaired pipe during the mining of this
longwall.

o Crushing and vertical bending of 150 mm diameter pipe at Remembrance Drive. The
impacts coincide with a large measured ground strain of 2.8 mm/m (over a 37 metre bay
length) between Pegs R1 and RE1, a measured vertical bump in the subsidence profile
and an observed hump in the road pavement and roundabout. The pipe was repaired
prior to the influence of Longwall 26 and no impacts were observed to the repaired pipe
during the mining of this longwall.

o Crushing and vertical bending of the 225 mm diameter horizontal bore between Amblecote
Place and Myrtle Creek. There is no monitoring line above this bore.

Physical damage was observed at two new locations during the mining of Longwall 26. In each
case the pipes remained serviceable, though repairs were required at each location.

o Deformation and cracking of 100 mm diameter pipe at Tahmoor Road. The pipe was
repaired.

o Deformation of 150 mm diameter pipe between Abelia Street and Oxley Grove where
non-systematic subsidence movements were observed (this may have occurred during the
mining of Longwall 25). The pipe was repaired.

o Continued deformation of the 225 mm diameter horizontal bore between Amblecote Place
and Myrtle Creek from Castlereagh Street to Brundah Road.

The observed impacts to date have been within expectations.
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4.8. Electrical Infrastructure

Longwalls 22 to 28 have directly mined beneath approximately 36.2 kilometres of electrical cables and 971
power poles and no significant impacts have been recorded so far. However, tension adjustments have
been made by Endeavour Energy to some aerial services connections to houses. This is understandable
as the overhead cables are typically pulled tight between each house and power pole.

4.9. Telecommunications Infrastructure

Longwalls 22 to 28 have directly mined beneath approximately 43.1 kilometres of buried copper cable and
1.3 kilometres of buried optical fibre cable and 4.3 kilometres of aerial cable and no impacts have been
recorded to telecommunications services so far.

Adjustments to tension of aerial telecommunications cables were required during the mining of Longwall 26
on Tahmoor Road and Krista Place. Damage was also observed to a conduit on the north-western
abutment of the Castlereagh St Bridge. No issues were detected during the mining of Longwalls 27 and 28.

No impacts were observed to the Telstra Tower, which is located directly above Longwall 28. Continuously
operating tiltmeters recorded changes within expectations.

4.10. Tahmoor House

Weekly inspections have found minor impacts during the mining of Longwall 28. The inspections were
occasionally undertaken in company with the owner.

Extensive weatherboard re-cladding work has been undertaken in the south eastern corner and western
face of the building.

Some gaps present in the sandstone walls have opened slightly. A gap has been observed at the vertical
face at the rear of the second sandstone block step. A fine crack has been observed in the sandstone
block wall on the ground floor adjacent to the external toilet.

The owner has reported possible changes on the eastern side in the sandstone wall and flagging stones.

4.11. Residential Establishments
All structures remained safe and serviceable during the mining of Longwall 28.

A register of observed impacts is based on claims received from the MSB. Information on the nature of the
impacts was provided by the MSB and Sergon Building Consultants who inspect structures on behalf of
Tahmoor Colliery. The register was updated on a weekly basis and the statistics provided in this report are
based on impacts recorded up to the week ending 28 May 2015, the day before Longwall 29 commenced.

A summary of reported impacts following the completion of Longwall 28 is provided in Table 4.3. The count
of residential structures and public amenities includes only those structures that were predicted to
experience more than 20 mm of subsidence due to the extraction of Longwalls 22 to 28.

Table 4.3  Summary of Observed Impacts to Structures

Total after Increment during
LWs 22 to 28 Longwall 28
Number of §tructures thhm zone of influence 1824 275
(predicted subsidence > 20 mm)
Number of properties with reported impacts
; . . 512 20
(not including refused claims)
Number of properties with reported impacts that relate to main structures 455 18
(e.g. house or shop)
Number of properties with reported impacts that only relate to associated 57 2

structures

The above information can be misleading as many of the claims received during the mining of Longwall 28
were associated with the mining of previous Longwalls 22 to 27. This is due to time lag between the actual
impact and the claim of an impact by residents to the Mine Subsidence Board.

This is illustrated by a spatial plot of locations of impacts reported during the mining of Longwall 28 in
Fig. 4.2. A total of 24 of 30 claims related to the mining of Longwalls 22 to 27, rather than the active
Longwall 28.
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Fig. 4.2 Locations of Impacts Reported during the Mining of Longwall 28
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4.11.1. Discussion of Results

Prior to the mining of Longwall 27, the probabilities of impacts for each house within the SMP Area for
Longwalls 27 to 30 were assessed using the method developed as part of ACARP Research Project
C12015, based on observations of impacts during the mining of Longwalls 22 to 25. The method of
assessment uses the primary parameters of ground curvature and type of construction. A summary of the
predicted movements and the assessed impacts for each house within the SMP Area is described in Report
No. MSEC355.

The overall distribution of the assessed impacts for the houses within the SMP Area is provided in
Table 4.4.

Table 4.4  Assessed Impacts for the Houses within the SMP Area for Longwalls 27 to 30

Repair Category
Group
No Claim or RO R1 or R2 R3to R5
All Houses 657 102 47
(total of 806) (82 %) (13 %) (6 %)

Information on reported impacts has been provided by the Mine Subsidence Board during the mining of
Longwalls 22 to 28. A summary of the observed distribution of impacts for all houses that are predicted to
have experienced more than 20 mm of subsidence during the mining of Longwalls 22 to 28 is provided in
Table 4.5.

Table 4.5 Observed Frequency of Impacts for Building Structures Resulting from the Extraction
of Tahmoor Longwalls 22 to 28

Repair Category

Group No Claim or RO R1or R2 R3 to RS
(Nil or Cat 0) (Cat 1 or 2) (Cat 3to 5)
All h , publi ities,
commenial buldings. 1624 143 4
9 (90 %) (8 %) 2 %)

(total of 1824)

It is noted that a comparison cannot easily be made based on the total number of affected houses. It is
very difficult to separate effects on houses due to the mining of Longwall 28 only due to the time lag effect
discussed previously. Similarly, some houses that reported impacts during the mining of Longwall 28 were
associated with the mining of previous Longwalls 22 to 27.

It is recommended, therefore, that comparisons be made based on total percentages of claims, where a
reasonable correlation can be seen.

The primary risk associated with mining beneath houses is public safety. Residents have not been exposed
to immediate and sudden safety hazards during the mining of Longwall 28.

4.11.2. Swimming Pools

No impacts have been observed to swimming pools during the mining of Longwall 28, however, cracking
was observed around the coping of one pool.

4.11.3. Associated Structures

Minor impacts have been observed to two (2) retaining walls during the mining of Longwall 28.

4.11.4. Fences

The potential for impacts to fences was raised in the SMP Report, however, no properties have claimed
impacts to gates and fences during the mining of Longwall 28.
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5.0 SUMMARY OF RESULTS

In summary, there is generally a reasonable correlation between observed and predicted subsidence, tilt
and curvature over the majority of the mining area. Observed subsidence was, however, generally slightly
greater than predicted in areas of low level subsidence (typically less than 100 mm).

As anticipated prior to mining, little to no increased subsidence was observed during the first stages of
mining Longwall 28. The maximum observed incremental subsidence due to the mining of Longwall 28 was
774 mm, which only slightly exceeded the maximum predicted incremental subsidence for Longwall 28, with
the difference being within the accuracy of the subsidence prediction methods.

There is a reasonable correlation between observed and predicted impacts, particularly in relation to public
infrastructure such as the Main Southern Railway, sewer mains, water mains, gas mains, and electrical and
telecommunications infrastructure. Impacts to road pavements were similar in frequency compared to
those observed during the mining of previous longwalls.

All structures remained safe and serviceable during the mining of Longwall 28. The overall claim rate for
main structures during the mining of Longwalls 22 to 28 was 25 %.

In relation to Myrtle Creek and Redbank Creek, there was a reasonable correlation between predicted and
observed incremental valley closure movements due to the mining of Longwall 28.

Cracking was observed in both creeks and pools were observed to drain at times of low flow, with sub-
surface flow diversion observed to re-emerge downstream of Longwall 28. Some adverse changes in water
quality were observed at times of low flow. The observed impacts are within predictions.
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APPENDIX A. FIGURES
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Tahmoor Colliery
Total Subsidence Profiles along Remembrance Drive
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Tahmoor Colliery
Incremental Subsidence Profiles along Tahmoor Carrier Pipe
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Tahmoor Colliery
Total Subsidence Profiles along Tahmoor Carrier Pipe
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Tahmoor Colliery
Incremental Subsidence Profiles along Thirlmere Carrier Pipe

I:\Projects\Tahmoor\MSEC777 - LW28 End of Panel Report\Subsdata\Survey Data\Fig. A.40 - Thirlmere Carrier Inc.grf

245 ]
~ 1 i o ™ <
S I e 9 9O S} o) )
g 240 78 B FE IE i T Q S N o
[a) 7CD 28] ¥ ; T E % 8 8
E ] \\\:\'_\':\E % 8 N o I v 4
E il \L_ - 8 8 (i) 8 8
> 235 ~F £ £ 29 .
| i \,_...——O\ = O] %
Q ] )
o i
8 230 - .y
5 1| Surface Level above Sewer Line
n E Sewer Level
225 I I ‘
0 ]
o0 I B #
— o
— ] = /
S ] /
~ 60 —
3
é 80 - —
‘5 100 — —
g 3
) 120 ]
140 ] During LW28
160 +—o—+¢ Latest Survey 21-May-15 [
2 ] Predicted Final Profiles
1-
£ ]
E -
g 0+
= ]
-1
2
2 -
_ 1
£ ]
E -
E 0 J et
c i
® ]
h o4 -
2
6 I I I
5 B Initial pre-mining grade l _‘
] During LW28 / \
S 4 — &—+— Latest Survey 21-May-15 / \
S ]
© 3 -
RN | \ —
O 2 4
L\ , V. /
] _‘\,._- ﬁ/]’rigger Level (0.2% or 2mm/m) l_.._/
O 7 1 1 1 1 1 1

\
o
o
N

Distance along line from Mark BG77 (m) Fi g. A.40



Tahmoor Colliery
Incremental Subsidence Profiles along York Street
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Tahmoor Colliery

Incremental Subsidence Profiles at Tahmoor House
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Tahmoor Colliery
Incremental Subsidence Profiles at Tahmoor House
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along the Railwal Corridor Southern Embankment Toe
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Tahmoor Colliery
Incremental Subsidence Profiles along Crossline at 92+1180km
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