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Review of the Mine Plan and the Subsidence Risks Associated with the Proposed Mine Plan – Hume
Coal
BACKGROUND

Hume Coal Pty Limited has lodged development applications for both the Hume Coal Project and its associated
Berrima Rail Project. The NSW Government Department of Planning and Environment (DPE) appointed the author to
review the “Mine Plan” and “Subsidence Risks” associated with the proposed mine plan. This report summarises the
findings of this review.
The project area is located within the Southern Highlands region of NSW, which is approximately 100km south-west
of Sydney, in the Southern Coalfield, Sydney Gunnedah Basin. The area is also within the catchment of the
Wingecarribee River, which confines parts of the Upper Nepean and Upstream Warragamba water sources. It is
reported that the mine surface infrastructure area will be approximately 7km north-west of the Moss Vale town.
1.1

Information provided

The following information has been provided to the author:




Hume Coal Project Environmental Impact Statement Main Report, prepared by EMM Consulting Pty Ltd,
dated March 2017.
Appendices A to U of the main report.
A series of responses to questions from the advisors to DPE.

The subsidence assessment and pillar design studies for the Hume Coal Project were conducted by Mine Advice,
which are presented in Appendix L of the main Environmental Impact Statement (EIS) report.
1.2

Proposed mining layout

The EIS states that due to groundwater and surface subsidence constraints, as well as the requirement to emplace
the reject tailings from the CHPP, various mining methods were evaluated and a method similar to highwall mining
has been adopted. In the proposed method, a series of long drives are formed up using a remote continuous miner in
between coal pillars.
In response to questions from advisors to the DPE regarding what previous experience exists in this underground
mining layout, Hume Coal has advised there being “none to our knowledge”. Although similar layouts have been
practised in the past (e.g., highwall mining), this layout is unique as an underground mine.
The proposed web pillar sizes are also unique as the reviewer is unaware of any recent pillar design study that
systematically utilised such narrow web pillars for long-term stability.
An important requirement of this project is that the coal pillar system left behind will be stable over the long-term
(using a suitably high Factor of Safety (FoS) against pillar failure and ensuring that the low pillar width to mining
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height rattio pillars are protected by suitably large pillars). Figurre 1 shows the proposed laayout and the different coall
pillar typees. Table 1 preesents the prooposed pillar ddimensions forr the shallowest to deepest sections of the mine.
Table
T
1. Propposed pillar dimensions (ssolid)
Depth off
Cover
(m)
80
90
110
120
130
150
170

Web pillar
Width
(m)
3.5
3.5
3.8
4.1
4.4
5.1
6.0

Length
(m)
117.25
117.25
117.25
117.25
117.25
117.25
117.25

Intra-panel barrieer
pillar
Width
W
Lengtth
(m)
(m)
14.0
117.2 5
14.0
117.2 5
16.4
117.2 5
16.8
117.2 5
18.0
117.2 5
20.7
117.2 5
22.8
117.2 5

Gateroadd pillars (m)
Width
(m)
16.0
16.0
16.0
16.0
16.0
16.0
16.0

Length
(m)
24.15
24.15
24.15
24.15
24.15
24.15
44.15

Main
M heading ppillars
Width
(m)
29.5
29.5
29.5
29.5
29.5
29.5
29.5

Lenngth
(m
m)
744.5
744.5
744.5
744.5
744.5
744.5
744.5

Solid barrier
b
pillars
Width
(m)
50.0
50.0
50.0
50.0
50.0
50.0
50.0

Length
(m)
200.0
200.0
200.0
200.0
200.0
200.0
200.0

The web and intra-panel barrier pillaars will be form
med using a drrive width of 4m. A roadwayy width of 5.5m
m will be usedd
in the other panels.

Figure 11. Illustration of the propo
osed layout s howing the different
d
coal pillar types ((after Mine Ad
dvice, 2017)
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The Wongawilli Seam thickness varies from 3m to 7m. The proposed maximum working section height is 3.5m,
which contains disseminated mineral matter interspersed with stone bands. Due to quality issues, it is proposed that
approximately 3m of coal in the roof and 0.5m of coal in the floor will be left.
In the proposed layout, the web-panel widths are kept relatively narrow (i.e., 54m to 58.6m) in order to ensure that
the panels are in a sub-critical state and that the overburden bridges between the intra-web pillars. This concept has
been applied in many mining projects to limit the pillar loading and to minimise the surface subsidence, including in
highwall mining.
The proposed backfilling allows the mine to store tailings underground and to provide some form of confinement to
the proposed web pillars. The Mine Advice reports make no specific reference to the timing of backfilling. In addition,
no information regarding the properties of the backfilling is provided in the report.
The Mine Advice report stated that as soon as the panels are mined-out, they will be sealed off to allow the mine
workings to flood, which also suggests that the backfill will be emplaced following completion of the web-panels. Mine
Advice has also suggested that the maximum generated water head in the mine will be 120m, which is equivalent to
a hydrostatic pressure of 1.2MPa. A bulkhead seal design for this purpose was completed by Mine Advice.
1.3

Summary of site characterisation

The Wongawilli Seam in the target area is near the top of the Permian Illawarra Coal measures and is overlain by the
Triassic Hawkesbury Sandstone and the Wianamatta Group shale sequence (where present).
An important unit in the overburden is the Hawkesbury Sandstone, which contains conglomerate, fine to coarse
grained sandstone and siltstone units in beds ranging from thinly bedded to thickly bedded (0.06m to >2m). This
competent unit varies in thickness from 80 to 120m. It is noted by Mine Advice that weathering can be detrimental to
the material strength of Hawkesbury Sandstone, as observed in the western part of the mining area within 5 to 10m
of the Wongawilli Seam roof. The impact of weathering on the spanning capabilities of Hawkesbury Sandstone is not
emphasised in the EIS.
Hawkesbury Sandstone is overlaid by Ashfield Shale, which typically consists of siltstone, shale, mudstone and
carbonaceous bands. Laboratory testing results and bedding thicknesses have not been provided for the Ashfield
Shale. From descriptions and other references, it can be assumed that this unit is weaker than the Hawkesbury
Sandstone.
The Kembla Sandstone has a thickness of 10m to 15m and directly underlies the base of the Wongawilli Seam. It
consists of siltstone and sandstone, with occasional mudstone near the lower contact with the underlying American
Creek Seam.
The following rock mass characteristics have been summarised in the Mine Advice report:
Table 2. Proposed rock mass properties for the coal, roof and floor

Hawkesbury Sandstone (overburden)
Coal (Wongawilli Seam)
Kembla Sandstone (floor)

UCS
(MPa)
43.0
8.5
68.0

Young's
Modulus (GPa)
9.9
2.4
11.0

Poisson's
Ratio
0.25
0.25
0.22

Further details with regard to site characterisation and groundwater can be found in the EIS report.
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PURPOSE AND SCOPE

The required purpose and scope of this review are outlined under a document entitled “Scope of Work Hume Coal
Project – Independent Expert Assessments”, dated 08/06/2017, which summarised the following key
deliverables/scope of works for this review:
The EIS describes the conceptual “pine feather” mining method, which is yet to be used in NSW. The Department
requires expert advice:
 to confirm that the levels of subsidence resulting from this method would be as predicted in the EIS;
 about the underground safety aspects of using this method; and
 about the risk of subsidence impacts and environmental consequences to natural and built features,
including groundwater aquifers.
The aforementioned scope is not presented in any particular order in this report; yet all aspects are addressed in
subsequent sections.
3

REVIEW APPROACH

As part of this review, numerical and empirical modellings have been used to assess the stability of pillars and
expected surface subsidence in the cases of stability and failure of pillars.
In order to asses pillar stabilities, the UNSW power-law pillar strength formula has been used. The fundamental
principles of the formula were highlighted, and the applicability of the methodology to the Hume Coal Project has
been discussed.
Numerical models have been used to assess the loads acting on the proposed pillars, the stability of pillars, surface
subsidence and the impact of backfilling on pillar stability.
This study has utilised 2 dimensional (2D) codes, FLAC (Itasca Consulting Group, Inc. v 8, 2017) and RS2
(Rocscience Inc.’s v9, 2017).
In the first stage of the modelling study, the pillar stabilities at different depths were assessed by calibrating the MohrCoulomb criterion input parameters to the UNSW pillar strength formula (Salamon et al., 1996). The effect of
backfilling on the stability of the pillars has also been assessed using FLAC.
In the second stage of the numerical modelling study, potential surface subsidence impacts were assessed using
RS2 as well as elastic and inelastic material properties. Where applicable, input parameters provided by Mine Advice
were used.
4

GENERAL COMMENTS ON THE PROPOSED DESIGN

Groundwater and inrush risks
An important consideration regarding the groundwater is the direction of mining and the dip of the seam. Down-dip
mining can cause significant problems and may necessitate extensive water management. It is understood that
Hawkesbury Sandstone is a productive water source within the project area. The target seam, the Wongawilli Seam,
is also an aquifer, which is linked to the overlying Hawkesbury Sandstone. Many Australian mines manage ground
water and underground bulkheads effectively. However, in the past there have been a number of bulkhead failures
due to piping through rib coal or leakages and hydrostatic pressure build-up, resulting in strata failure around
bulkheads.
It is understood from the response of the mine to the reviewers’ questions that majority of the panels have been
designed so that, where possible, they are down-dip from the mains, not up-dip. However, in certain parts this will not
be possible; therefore, a detailed assessment of the risks associated with flooding and the appropriate controls in
active and previous panels should be conducted.
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Geological discontinuities
Geological structures can play a significant role in determining pillar and roof stabilities. The Mine Advice report
suggests that geological discontinuities can simply be mapped underground and then extrapolated for future panels,
allowing the mine to manage them.
It is understood from response to the reviewers’ comments that the geological mapping will mostly be conducted in
surrounding excavations to infer the structures. This technique is mostly accurate for major geological structures.
However, in many cases this technique can be ineffective. It is therefore recommended that a management plan
should be implemented in order to predict and manage geological structures.
Another critical consideration in determining the rib and pillar stability is the cleat and joint directions, which are not
considered in the EIS. As the proposed web pillars are uncommonly narrow, an unfavourable cleat and/or joint
direction can impact the rib and the pillar stability. As we will be seen in following section, even minor pillar spalling
has the potential to impact the pillar stability.
Roof stability
Whilst not emphasised by Mine Advice in the EIS, another critical consideration in long, unsupported drives is the
roof stability. Mining operations can be severely hampered if roof falls occur in the entries. Hence, it is ideal for
entries to be fully mined as soon as possible in order to avoid the time dependent deterioration of the roof. Although it
is possible for the CM system to tolerate minor roof falls less than 0.1-0.2m in thickness, major roof falls, exceeding
0.3m in thickness, can damage the equipment or even cause it to be buried (Shen and Duncan Fama, 2001). In
addition, roof falls cause adjacent web pillars to increase their pillar height, in turn reducing the FoS and pillar width
to mining height (w/h) ratio, ultimately resulting in a decrease in pillar stability (Shen and Duncan Fama, 1999). In this
respect, unsupported roof stability has been recognised as one of the most important parameters in Australian
highwall mining (Duncan Fama, Shen and Maconochie, 2001).
In their response to reviewers comments, Mine Advice stated that “Given both the low cover depth and sub-critical
geometry between intra-panel barrier pillars, it is concluded that the likelihood of coal rib spall resulting in a
significant increase in the effective drive width and so adversely affecting roof stability in unsupported drives under
normal or background geotechnical conditions, is in the highly-unlikely to practically-impossible risk category”. It is
the reviewers’ experience that roof falls can occur in the roof, particularly under unsupported coal roof. It is
appreciated that the entries are only 4m wide and the likelihood of roof fall occurrence is significantly reduced, it is
recommended that potential roof spalling and its consequences should be incorporated into the design.
Off-line cutting
In highwall mining, the actual widths and heights of the web pillars can differ from designed values due to off-line
cutting engendered by poor guidance controls (Adhikary, Shen and Duncan Fama, 2002; Zipf and Bhatt, 2004). To
prevent off-line cutting, guidance systems were adopted by many companies, which are not the expertise of the
author. It is however evident from responses to questions that Hume Coal places reliance on the success of
technologies that are under development for guidance control. Since off-line cutting can have a significant impact on
the pillar and roof stabilities, an in-depth study into the degree of potential off-line cutting and its impact on the
proposed layout is recommended.
Equipment recovery in drives
An important consideration in this mining method is the recovery of the continuous miner (CM) in cases of
breakdown, flooding and/or major fall of ground. These recovery operations require special considerations as they
can be regarded as high risk activities, due to the lack of a secondary egress, should the workforce need to enter the
drives. Zipf and Bhatt (2004) stated that due to the various reasons about 10 to 15 highwall mining systems became
seriously trapped during 2003 and required a substantial retrieval effort such as underground recovery, surface
excavation or a major surface retrieval. They also stated that underground recovery is arguably the most hazardous
and essentially requires the setup of a small underground coal mining operation. Over the years, a number of failures
in highwall mining have also been recorded in Australia.
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From the responses to the reviewers’ questions it is understood that equipment recovery has already been
considered by the mine. It is assumed that a management plan with an underpinning risk assessment for the
recovery operations will be developed during and following the equipment design and purchase.
Pillar Load
For a simple layout with a reasonably uniform pattern of pillars and a panel width at least as large as the depth, the
average pillar load can be estimated by using the tributary area theory. The theory assumes that each pillar carries a
proportionate share of the full overburden load.
The factors influencing pillar load are:
 depth of cover – the deeper the mining, the higher the pillar stress,
 depth to panel width ratio – the narrower the panel in relation to the cover depth, the lower the pillar stress,
 pillar width – the smaller the pillar, the higher the pillar stress,
 roadway width – the wider the roadway, the higher the pillar stress, and
 extraction ratio – the higher the extraction ratio, the higher the pillar stress.
While the tributary area theory provides a simple method of determining the average state of axial stress in a pillar, it
has implicit limitations which must be borne in mind. Average pillar stress is calculated by assuming that pillars
uniformly support the entire load overlying both the pillars and the mined-out areas. Tributary area theory assumes
regular geometry and ignores the presence of abutments. It also ignores the stiffness of the overburden strata and
the panel width to depth ratio. The effects of deformation and failure in the roof strata resulting from the mining
operation are also disregarded. For practical design purposes however, the suggested equations for average stress
calculations are acceptable if the designer appreciates the limitations. If the tributary area theory is not applicable to
a particular layout (as in this case), the best way to estimate the pillar loads is to conduct numerical modelling (as
presented in this review).
The Mine Advice states that a key design element of the proposed layout is the use of sub-critical panels (i.e., the
width of the panels are narrower than the cover depth) to prevent low w/h ratio web pillars ever being loaded under
full tributary area loading. This assumption is based on the fact that Hawkesbury Sandstone is capable of bridging
long distances to transfer the load from narrow, less stiff pillars onto larger, stiffer intra-panel barrier pillars. This
consideration is reasonable under certain environments and it is also possible that in the proposed layout these
narrow web pillars will not be subjected to full tributary area load. In response to reviewers’ comments Mine Advice
also states that the load distribution between the web pillars and intra-panel barrier pillars is almost certainly
indeterminate in that it is directly influenced by a number of unquantifiable geotechnical parameters. Therefore, in
calculation of pillar loads in the proposed layout, numerical modelling is the most reliable approach. It is not known
why a numerical modelling study was not conducted by Mine Advice to assess the bridging capabilities of
Hawkesbury Sandstone, the degree of load redistribution and the magnitude of pillar loads. In my opinion this is a
major limitation of the pillar design in Hume Coal project. Currently available numerical models are highly capable of
estimating pillar loads in the proposed layout, which will be further assessed in subsequent sections of this report.
Pillar stability assessment
The proposed layout relies on different types of pillars. It is assessed that other than the web pillars and the gateroad
pillars, the pillar sizes and FoSs’ are acceptable. Under development loading, the sizes of the gateroad pillars are
also adequate; however, in the case of failure of the web pillars, the gateroad pillars will not have an acceptable FoS
for long-term stability. The proposed sizes of the web pillars vary from 3.5m to 6m for depths of 80m to 170m
respectively. With the proposed mining height of 3.5m, the pillar width to mining height (w/h) ratio of the web pillars
vary from 1.0 to 1.7, which is considered to be uncommonly slender by Australian coal mining industry standards.
Such slender pillars are known to fail suddenly, causing catastrophic failures. On the contrary, a non-violent pillar
squeeze can occur for larger pillars with w/h ratios ranging from 4 to 8 or the strain-hardening behaviour for squat
pillars with w/h ratios greater than 10 (Mark, 2006). However, considering the compartmentalisation of the webpanels, it is likely that if the web pillars fail, the intra-web pillars will arrest the failure and confine it within the
individual web-panels.
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As mentioned before, the proposed mine layout includes a strategy to backfill the drives (only to emplace the reject
tailings and for the purpose of generating confinement to the web pillars). This approach appears to be reasonable;
however, backfilling will be only effective in ensuring the long-term stability of web pillars by preventing the spalling of
pillars by using stiff, cemented backfill material. This will be discussed further in the numerical modelling section of
this report.
Mine Advice states that the design of the initial panel layouts has been conducted using Analysis of Retreat Pillar
Stability – Highwall Mining (ARMPS-HWM) methodology developed by NIOSH (2012) for the design of the initial
panel layouts. To complete the design process to standard that can be considered as part of a mining application in
NSW, Mine Advice utilised the UNSW Pillar Design Procedure (Salamon et al., 1996). The NIOSH study is
conducted to determine the stability of pillars, roof and rib whilst the mine is active; the reviewer is not aware of any
references to long-term assessment of the pillars in the NIOSH program.
The proposed web pillar w/h ratios are within the range of failed cases in the UNSW pillar database, with
approximately 17% of failed and intact cases in the database having pillar w/h ratios smaller than 1.7. However,
Galvin, as one of the developers of the UNSW pillar design methodology, has stated in numerous public forms, in a
number of technical papers and recently in his book (Galvin, 2016), the UNSW pillar strength formulae are not
applicable to highwall mining pillars, i.e. similar to those proposed web pillars due to their inherent low w/h ratios.
There are four main reasons for why the UNSW pillar design methodology is not applicable to highwall mining.
Firstly, even minor geological structures can play a significant role in the stability of narrow pillars. Although
underemphasised by the Mine Advice report, it has been stated by many authors in the past that geological
structures can be particularly important in determining the stability of pillars. Considering the size of the web pillars,
even cleating and jointing can play a significant role in determining the stability of the proposed web pillars. Secondly,
as mentioned above, roof falls are common in highwall mining; even minor roof falls can significantly reduce the
strength of those narrow pillars. Thirdly, due to the relatively small size of web pillars, the confinement generated
between roof and floor can be relatively low, which may not be represented by the UNSW pillar failed and intact
database as 83% of the cases had larger w/h ratios. Lastly, and importantly, Salamon and Munro (1967) stated that
the values substituted for the strength and load must be regarded as approximations only, which are subject to error.
Therefore, the calculated FoS (using the original Salamon and Munro formula or the UNSW formula as their
underlying principles are identical) may not represent the true FoS. Hence, the calculated FoS could deviate to a
level either higher or lower than predicted by FoS. An example of this is illustrated in Figure 2. In this figure, the
distribution of a pillar FoS of 1.0 using the outcomes of the UNSW study by Salamon et al., (1996) is plotted. As
evident, the pillar FoS of 1.0 is only an average value, with the true distribution having any value between 0.65 to 1.9.
This uncertainty is caused by:
•
•
•

natural causes - that is variations in coal strength, pillar loading, structures and the competency of the roof
and floor,
the approximate nature of the strength formula, and
human error in the data used for parameter estimation.

Irrespective of their size and the FoS, all coal pillars designed using the UNSW formula are subject to the same
uncertainty. When pillars are narrow and the FoS hovers around 1.0, this variation becomes critical as the pillars can
become rapidly unstable following minor changes in natural environment and in pillar sizes (i.e., height or width);
therefore, the behaviour of small pillars, such as in this case, are highly unpredictable.
The probability of pillar stability (PoS) and failure associated with the UNSW pillar strength formulae is summarised in
Table 3 and illustrated in Figure 3. As can be seen in this table and also in the figure, when the FoS is 1.0, the
probability of the failure (PoF) and the stability (and the failure) of the pillars is only 50%.

Review of Mine Plan and Subsidence Risks – Hume Coal

7

20%
18%
16%

Frequency

14%
12%
10%
8%
6%
4%
2%
0%
0.4

0.6

0.8

1.0

1.2
FoS

1.4

1.6

1.8

2.0

Figure 2. Distribution of pillar FoS of 1.0 using the UNSW pillar strength formula

Table 3. Failure probability associated with Salamon et al., 1996 power law formulae
Safety
Factor

Probability of
Stability

Probability of Failure
in 1 Million

2.1
2.0
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.0
0.9
0.8

0.999999
0.999995
0.999978
0.999909
0.999637
0.998622
0.995097
0.983949
0.952650
0.877237
0.728098
0.500000
0.251083
0.077615

1
5
22
91
363
1378
4903
16051
47350
122763
271902
500000
748917
922385
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1.0

0.9

0.9

0.8

0.8

0.7

0.7

0.6

0.6

0.5

0.5

0.4

0.4

0.3

0.3
PoF

0.2

0.2

PoS

0.1

0.1

0.0

0.0
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Probability of stability

Probability of failure

1.0

2.2

Factor of Safety
Figure 3. Probabilities of failure and stability associated with the UNSW pillar strength formula
Note that only the power formula is considered in the above calculations. However, the linear formula established by
Salamon et al., (1996) is also acceptable, provided that the probability of stability and the safety factor are adjusted
accordingly. As the degrees of freedom in the power and the linear formulae are different, the standard deviations
calculated in the maximum likelihood analysis are also different. Assuming a lognormal distribution of safety factors
(as indicated by Salamon et al., 1996), the calculated probability of stabilities in both formulae will be different;
indicating that a higher safety factor will be required in the case of the linear formula to achieve the same probability
of stabilities as calculated using the power formula.
In addition, it is of note that a recent study conducted by UNSW has established that the strength of pillars in highwall
mining is approximately 30% weaker than predicted by the UNSW (or Bieniawski) formula, and approximately 57%
weaker than predicted by the adjusted version of Mark-Bieniawski formula (Mark and Chase, 1997). However, it is
not expected that Mine Advice can have access to this current UNSW study as it was conducted for CSIRO and a
journal paper is currently being published.
Long-term pillar stability
A long-term stable coal pillar is generally defined as a coal pillar system that will not result in failure of pillars over a
long period of time (e.g., >100 years), despite rib and roof spalling, which would otherwise cause unacceptable
surface subsidence (>20mm in this case). The methodologies presented by Salamon et al., (1998) and Canbulat
(2010) can be used to determine the long-term stability of the pillars. These methodologies determine the maximum
amount of possible rib spalling (i.e., when the aprons of the spalled material reach the roof) and assess the FoS of
the core of a pillar. If the core of a pillar is large enough with a reasonable FoS, pillars can be defined as long-term
stable (or infinitely stable) using a stochastic analysis. The proposed web pillar system in Hume Coal project is such
that the web pillars cannot accommodate any rib or roof spalling. This is illustrated in Figure 4, whereby a pillar FoS
reduction occurs as the rib spalling reduces the pillar width. Similarly, Figure 5 shows the pillar FoS as roof spalling
and pillar height increases. From these two figures, it can be concluded that even minor rib and/or roof spalling has
the potential to reduce the FoS of pillars below 1.0. Considering that the methodology proposed by Salamon et al.,
(1998) suggests that the ribs of the proposed web pillars can theoretically spall up to 3.2m, the remaining core of the
web pillars will have a significantly low FoS. It is therefore reasonable to conclude that the proposed web pillars
Review of Mine Plan and Subsidence Risks – Hume Coal
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cannot be considered to be long-term stable, unless they are backfilled. Note that this finding is valid, irrespective of
whether the pillars are subject to tributary load or reduced loads due to the stiffness of the overburden.

1.40
1.30
80m
120m

Factor of Safety

1.20

170m

1.10
1.00
0.90
0.80
0.70
0.0

0.1

0.2

0.3

0.4
0.5
0.6
0.7
Total rib spalling [total] (m)

0.8

0.9

1.0

Figure 4. Pillar FoS reduction due to pillar spalling
Elastic settlement calculations
The load, elastic settlement and strength calculations in the Mine Advice report assume that the pillars are in a
perfectly elastic state throughout their lives, which may not in fact be the case. The proposed narrow pillars can only
accommodate small stress increases in the ribs due to a lack of confinement that is normally evident in larger pillars.
Once the ribs start yielding (i.e., possible rib spalling), the yielding propagates into the pillar, which results in pillars
being rapidly moved from an elastic to inelastic state. Once a pillar goes into an inelastic state, the elastic subsidence
and load estimates, as conducted by Mine Advice, is no longer accurate.
The elastic pillar settlement calculations are more appropriate for larger pillars that mostly remain in an elastic state
under load, particularly the core of the pillar. A further assessment of this condition is presented in the numerical
modelling section of this report.

Review of Mine Plan and Subsidence Risks – Hume Coal

10

1.40
80m

1.30

120m
170m

Factor of Safety

1.20
1.10
1.00
0.90
0.80
0.70
0.0

0.1

0.2

0.3

0.4
0.5
0.6
Total roof spalling (m)

0.7

0.8

0.9

1.0

Figure 5. Pillar FoS reduction due to roof spalling
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ASSESSMENT OF WEB PILLAR STABILITIES USING NUMERICAL MODELLING

Numerical modelling was utilised to investigate the stabilities of pillars in the proposed panel geometry as proposed
by Mine Advice. Back-analysis of input parameters for coal was carried out prior to the panel simulations. This back
analysis was conducted using the Salamon et al., (1996) coal pillar strength formula. Using the obtained coal
parameters and the actual excavation sequence in the panels, the change in stress of coal pillars in the panels were
monitored and the factors of safety of the proposed pillars were calculated. Due to the nature of the proposed long
pillars, plane strain analysis was conducted using the two-dimensional numerical software FLAC (Itasca Consulting
Group, Inc. v 8, 2017).
It is of note that since the input parameters in numerical models are calibrated using the UNSW pillar strength
formulae, the uncertainty associated with those formulae should also be considered in analysing the results
presented in this section.
5.1

Back-analysis of input parameters for coal

5.1.1 Model calibration against the UNSW formula
Numerical models calibrated against empirical pillar formulae can be a reliable way to explain the average behaviour
of pillar models (Esterhuizen, 2014). Therefore, calibration of coal parameters against empirical pillar strength
formulae was attempted. The UNSW formula (Salamon et al., 1996), which is widely used for underground coal pillar
design, was chosen for calibration. The estimated strength of the coal pillars from the formula is given in Table 4.
The constitutive law for coal pillars was the strain-softening model based on the Mohr-Coulomb failure criterion, while
the roof and floor were considered to be an elastic material. Thus, the calibration process aimed to back calculate a
set of input parameters including the cohesion, angle of internal friction and corresponding inelastic strain range. The
elastic moduli and Poisson’s ratios were chosen based on the information provided in the Mine Advice report, as
shown in Table 5.
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Table 4. Streength of desig
gned coal pillars
Case
C
1

Case 2

Case 3

Pillar width (m)

3.5

4.1

6

Pillar height (m)

3.5

3.5

3.5

w/h ratio
UNSW formuula: S p  8 .6 w 0.51 / h 0 .84

1.0

1.17

1.71

5.7MPa
5

6.2MPa

7.5MPaa

where S p is pillar strength (MPa), w and h are width and height of pillar (m
m).
Table 5.. Material prooperties used
d for calibratio
on of model
Material
Roof
Coal
Floor

Elastic m
modulus (GPa)
9.9
2.0
11

Poissson’s ratio
0.25
0.25
0.22

Figure 6 shows the pillar model incoorporating hallf of the coal, roof and floorr along the syymmetrical cenntreline of thee
pillar systtem, which is a repeating geeometry in thee panel (i.e., thhe pillar is undder tributary a rea load). Thee height of thee
roof and floor was 20m
m and the minning height waas fixed at 3.55m, while the pillar widths vvaried to simuulate the threee
cases in TTable 4 as weell as the pillarr with a w/h raatio of 2. The uniform
u
elemeent size of 0.225m was applied to the coall
and a sm
mooth variationn of zoning from the coal tto the boundaaries was used for the rooff and floor witth appropriatee
aspect raatios to avoid numerical insstability. Rollerr boundaries were
w applied along the sidde of the roof and floor, thee
bottom off the floor and the vertical line. The entry width was fixxed at 2m, which is a half off the entry widdth of 4m. Thee
increasingg load was geenerated by appplying a consstant velocity of
o 10-6m/s on the
t top of the roof in the moodel.
The coal pillar stress was
w estimatedd by taking thee average of vertical
v
stressses generated in the elements located att
the mid-ppoint of the pilllar. The vertical strain was ccalculated bassed on the rattio of the differrence between the averagee
vertical displacements at the top andd bottom of thhe coal pillar and
a the miningg height. The model was thhen calibratedd
against thhe UNSW forrmula by monitoring the peeak stresses with
w various sets of input pparameters. The calibrationn
results arre shown in Taable 6 and thee stress-strain curve using thhe calibrated parameters arre given in Figgure 7.

Figure 6. Geeometry of co
oal pillar mod
del
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Table 6. Coal
C propertiees calibrated against the UNSW
U
formulla
Matterial
Coaal

Cohesion (M Pa)
Peeak
Resi dual
1.8
0..2

Frriction angle (°°)
Peaak
Residuual
211
21

Plaastic
strrain
0.0025

Figuree 7. Stress-strain curve
5.1.2 Cooal roof and floor
f
The UNS
SW formula dooesn’t apply to cases wherre a weak rooof and floor coontribute to piillar system faailure (Galvin,,
2016). Soome studies have
h
been connducted to inveestigate the effect
e
of weak immediate strrata on pillar strength.
s
Galee
(1999) suuggested the use of the reduced
r
in-sittu coal strenggth of 4MPa for weak surrrounding straata using thee
Bieniawski-based formula, while the in-situ coal sttrength of 6MP
Pa is generallyy used for stroong surroundinng strata.
Whilst thee study by Gaale (1999) maay indicate a ppossible reducction in pillar strength with the coal rooff and floor, noo
credible sstudy regardinng the effect of
o coal roof andd floor on pillaar strength has been conduucted previoussly. Therefore,,
a new moodel using the same geomeetry as Figure 6 was built to simulate the 3m
3 coal roof aand 0.5m floorr as illustratedd
in Figure 8. Other thann the coal rooof and floor, tthe same num
merical modelling proceduree was conduccted as in thee
precedingg section.
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Fig
gure 8. Geomeetry of coal ppillar model with
w 3 m coal roof and 0.5 m floor
The channges in pillar strength
s
with the coal roof and floor are listed in Tablle 7. The pillaars with w/h raatios of 1 andd
1.17 havee the same strength
s
valuees, while thosse with w/h raatios of 1.71 and 2 show a slight decrrease in pillarr
strength. Based on thee results, and when compaared to normaal roof and floor conditions,, the possibilitty of having a
weaker pillar strength for
f Case 3 (i.ee., deeper partts of Hume Cooal) should be considered.
Table 7. Coomparison off pillar streng
gth
Model ressult
Sttrong roof andd floor
Cooal roof and floor

Case 1
(w/h ratio=1)
5.7 MPa

Caase 2
(w/h raatio=1.17)
6.1 MPa

Case 3
(w/h ratio=1..71)
7.6 MPa

5.7 MPa

6.1 MPa

7.2 MPa

w/h raatio=2
8.4 MPa
7.8 MPa

5.2 Stabbility of the proposed
p
web
b pillars
Using thee above inputt parameters, the panel sim
mulations of the three casees were conduucted as giveen in Table 8..
the proposedd number of web
Figure 9 shows the paanel models incorporating
i
w pillars, drrives and barrrier pillars. Inn
these sim
mulations, the pillars are no longer under ttributary area load; the loadd estimates reppresent the paanel and pillarr
geometryy as well as the input param
meters for rockk mass, as prooposed by Minne Advice. Thee heights of thhe overburdenn
and floor were 20m andd the mining height
h
was 3.55m. The excavvation width was
w 4m and thee barrier widthh in the modell
was a half of the actuaal width, whichh indicates a rrepeating geom
metry of the proposed
p
paneels. Roller bouundaries weree
applied along the side and bottom off the model. A stress bounddary was applied along the ttop of the moddel so that thee
coal pillaars were subjeected to the load under thhe depths of cover. Excavvations were made from leeft to right inn
sequencee and the channge in stress of
o the web pillaars were monitored at eachh excavation sstep.
Table 88. Panel conffigurations

Case 1

Depth of
cover (m)
80

Web pillar
width (m)
3.5

1.00

Barrier
width (m)
14.0

Number of
drives
8

Number of
webs
7

Case 2

120

4.1

1.17

16.8

7

6

Case 3

170

6

1.71

22.8

6

5

w/h ratio
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Figure 99. Panel model of Case 1
The paneel simulations indicated a reelatively stablee state for Casse 1, whilst shhowing relativeely unstable states
s
for bothh
Cases 2 aand 3. In Case 1, the yieldeed elements w
were rarely observed within the pillars, ass shown in Figgure 5. On thee
contrary, the pillars in the
t middle of the panels in Case 2 and 3 appeared to yield significaantly as shownn in Figure 11
and Figurre 12..
After the panel simulattions, the streesses of each web pillar weere recorded and
a summarissed in Table 9.
9 In addition,,
the FoS aand PoF weree manually caalculated by taaking the moddelled strengthh values in Taable 7. The web
w pillars aree
numberedd from the leftt in the panelss. The low Fo Ss’ for Case 2 and 3 correspond to the iinelastic statees from Figuree
11 and Figure 12. Even if the panel of Case 1 apppear to be staable, the FoS and
a the PoFss’ of the pillars in the middlee
of the paanel are abouut 1.4 and 1.66%, which dooes not indicaate long-term stability, conssidering the potential
p
time-dependennt deterioration and strengthh of pillars (i.ee., the long-terrm stability).
Tab
ble 9. Web pi llar stress aftter panel simulation

Case 1
FoS
PoF
Case 2
FoS
PoF
Case 3
FoS
PoF

Web 1

Web 2

Web 3

Web
W 4

Weeb 5

Webb 6

Web 7

3.7 MPa
1.6
0.14%
5.3 MPa
1.2
12.3%
6.4 MPa
1.1
27.2%

3.9 MPa
1.5
0.5%
5.5 MPa
1.1
27.2%
6.5 MPa
1.1
27.2%

44.0 MPa
1.4
1.6%
55.6 MPa
1.1
27.2%
66.6 MPa
1.1
27.2%

4.00 MPa
1.4
1.6%
1
5.66 MPa
1.1
27.2%
6.55 MPa
1.1
27.2%

4.0 MPa
1.4
1.66%
5.5 MPa
1.1
27.2%
6.4 MPa
1.1
27.2%

3.9 M
MPa
1.55
0.5%
%
MPa
5.3 M
1.22
12.33%

3.6 MP
Pa
1.6
0.14%
%

N/AA

N/A
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Figure 10. Plastic indiccator in Case 1

Figure 11. Plastic indiccator in Case 2
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Figure 12. Plastic indiccator in Case 3
Another aassessment was
w also condducted to dettermine the depth of material yielding inn the ribs. Thhe results aree
summarissed in Table 10. In Case 1, the responsees of the pillarss were elastic. However, in Cases 2 and 3, the depthss
of yieldinng into the pillars (i.e., deepth of yieldeed elements) in the middle of the pannels were 1.33m and 2.0m
m
respectiveely.
Table 10. Depth of yielding (per rib
b)

Case 1
Case 2
Case 3

Depth of covver
(m)
80
120
170

Pillar width
(m
m)
3.5
4.1
6.0

Depth of yieldinng
without backfillingg (m)
0.0
1.3
2.0

The abovve numerical reesults indicatee that:
 TThe proposedd pillars are not
n in complette failure. How
wever, the pilllar FoSs’ usinng the inputs proposed byy
Mine Advice are
a not significcantly greater than the tributtary area estim
mates.
 A
As a result, thhese pillars cannot be considdered to be loong-term stable.
The below
w sections asssess the effecctiveness of baackfilling.
5.3 Casse 3 with backkfilling
In this seection, the geoometry of Case 3 is utilised , as given in Figure
F
10. Thee vertical bou ndary on the left hand sidee
was placced 30 m awaay from the first drive so tthat the behaaviours of thee pillars were not to be afffected by thee
boundaryy. However, thhe barrier on thhe right hand side was a haalf of the widthh of the actuall barrier pillarss. Overall, thiss
geometryy was consideered for the poossible influennce of stress path
p history onn the state off stress and/orr deformation..
As in the previous secttion, the roof and
a floor heig hts were 20m
m, including thee 3.5m coal rooof, 0.5m coal floor and thee
mining heeight of 3.5m. The excavation width wass 4m. Roller boundaries
b
weere applied aloong the side and
a bottom off
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the modeel. A stress booundary was applied
a
along the top of thee model so thhat the coal piillars were subjected to thee
load undeer a depth of cover
c
of 170m
m.

Figure 13. Muultiple panel model for Caase 3
T first two ppanels are miined and thenn
The excaavation and baackfilling sequuence used arre illustrated in Figure 14. The
Panel 1 iss backfilled. Following
F
this, the third paneel is mined and then Panel 2 is backfilledd, and so on. The
T change inn
average vvertical stresss and vertical strain
s
of the w
web pillar in thhe middle of Panel 3 was m
monitored. A heeight of 2.5 m
of the drivves was backffilled, which iss approximatelly 70% of the mining height.
The resullts revealed ann influence of stress path o n deformationn as shown in Figure 12, whhich shows thee stress-strainn
curve of the web pillaar in the midddle of the pannel. While thee pillar stress reached a ssimilar level, approximately
a
y
6.5MPa. From this ressult it is concluuded that empplacing a cem
mented backfill material intoo the drives will
w not changee
the stresss profile signifficantly. Howevver, it will prevvent spalling of
o the web pillaars over a perriod of time. This
T in turn willl
provide loong-term stability of the pannels.

Fig
gure 14. Excaavation and backfilling seq
quence
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Figure
F
15. Strress-strain cu
urve of backfilling
6

ELA
ASTIC AND IN
NELASTIC SE
ETTLEMENT O
OF WEB PILL
LARS AND SURFACE SUB
BSIDENCE

As indicaated above, a critical assum
mption made bby Mine Advicee is that the pillars
p
will stayy in an elastic state for theirr
life. Howeever, it is evideent in the prevvious numericcal modelling section
s
that the pillars at a sshallow depth can be stablee
and mosttly remain in an
a elastic state. However, oonce the pillarrs go into the inelastic statee, their responnse to loadingg
can change, which mayy result in notiiceable subsiddence on the surface.
s
Another aassumption made by Mine Advice
A
in the pillar settlemeent calculationns is that the w
web pillars aree subjected too
tributary aarea load. As evidenced in the previous ssection, it is highly likely thaat the ribs of thhe proposed web
w pillars willl
yield. Onnce the pillarrs start yieldiing, the elasstic settlemennt calculationss cannot proovide accuratee subsidencee
estimationns.. In order to demonstraate this behaaviour, a studdy has been conducted ussing RS2. Ass RS2 cannott
representt the strain-sooftening behavviour of materrials as in FLA
AC, a calibration of pillar strrength, similar to the FLAC
C
modellingg study presennted in the preevious section , has been conducted to deetermine the reepresentative cohesion andd
frication aangle values.
The layouut used in thiss study is pressented in Figuure 16, which includes 20 of
o the 6m widee web pillars and 21 of thee
4m wide drives at a depth
d
of 170m
m. This layoutt excludes thee intra-web pillars to ensu re that the web
w pillars aree
subjectedd to tributary area loading (as assumedd by Mine Addvice). As seeen in Figure 16, Ashfield Shale is alsoo
modelled using the asssumption thatt 60% of the overburden consists
c
of Haawkesbury Saandstone (i.e., 102m in thiss
case) andd 40% Ashfield Shale (i.e., 68m in this ccase). The overburden and floor have beeen assumed to be elastic..
For a reaalistic loading and stress distribution in thhe overburden, joints havee also been inncluded in these models ass
representtatives of beddding planes. Joint densitiees of 10m andd 20m in Ashfield Shale annd Hawkesbury Sandstonee
have beeen assumed respectively.
r
Since the Mi ne Advice reeport suggestss that Hawkeesbury Sandsttone containss
conglomeerate, fine to coarse graineed sandstone and siltstonee units in bedds ranging froom thinly beddded to thicklyy
bedded ((0.06m to >22m), a modelled 20m beddding thicknesss is considered to be reeasonable. It is noted thatt
considerinng the distancce of the basee of the Ashfieeld Shale, it iss assessed that a 10m bed ding thickness of the shalee
will have an insignificaant impact on the results. C
Coal has beeen assumed too be elastic aand inelastic in subsequentt
models. A
As suggested by Mine Adviice, a 3m thicck coal in the roof
r and a 0.55m thick coal in the floor haave also beenn
included iin these modeels.
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Figure 16. Ph
hase2 layout to assess the elastic settlent of we pilllars
Similar too the previous section, all crritical input parrameters usedd in this modelling study havve also been obtained from
m
the Mine Advice reportt. Information not included i n the Mine Addvice report haas been obtai ned from relevant literaturee
and/or previous numerrical modellingg studies condducted in NSW
W. Table 11 shhows the inpuut parameters used in thesee
models. A
As evidenced by this table,, the strength parameters for
f coal are soomewhat greaater than the FLAC modelss
presentedd in the previous section. This
T is becauuse the failuree of material is
i simulated aas an elastic––brittle–plasticc
material, i.e., as soon as material reaches peak strength, the strength dropps to residual value withouut a post-peakk
modulus.
m
Taable 11. Inputt parameters used in the models

Coal
(Wongawilli
Seam)
Overburdeen
(Hawkesbury
Sandstonee)
Floor
(Kembla
Sandstonee)

Joints

Unit
weight
(MN/m^33)

Young's
Modulus
(GPa)

Poisson's
Ratio

Tensile
sstrength
(MPa)

Peeak
cohesion
(M
MPa)

Pea
ak
frictio
on
angle
e (0)

Residdual
cohession
(MPaa)

Residual
frictioon
angle (0)

Dilation
Angle
(0)

0.014

2.4

0.25

0

2.4
2

35
5

0.11

35

10

0.025

9.9

0.25

N/A

N/A
N

N/A
A

N/AA

N/A
A

N/A

0.025

11

0.22

N/A

N/A
N

N/A
A

N/AA

N/A
A

N/A

0

Peeak
cohesion
(M
MPa)
0.1
0

Pea
ak
frictio
on
angle
e (0)
30
0

Norm
mal
stiffneess
(GPa//m)
266

Sheaar
stiffneess
(GPa//m)
2,66

Initial
Joint
Deform..
Yes

N/A

N/A

N/A

A gravity loading type has been asssumed. The sstress states in different units have beenn assumed ass proposed byy
Mine Advvice using the Tectonic Stress Factors (TS
SF) for major and minor horrizontal stressses.
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6.1 Elastic settlement of the web pillars
Figure 17 shows surface subsidence due to the settlement of pillars. As evidence in this figure, the maximum surface
settlement over the entire panel is approximately 7.5mm, which is comparable to the estimate of Mine Advice.
Another finding of this study is that despite the 204m wide panel, the load acting on the pillar located in the centre of
the panel is approximately 7MPa, which is approximately 96% of the full tributary area load.

Distance along the surface (m)
0

50

100

150

200

250

-0.0060
-0.0062

Surface subsidence (m)

-0.0064
-0.0066
-0.0068
-0.0070
-0.0072
-0.0074
-0.0076
-0.0078
-0.0080
Figure 17. Elastic settlement of an elastic pillars on surface
As indicated in Table 10, the ribs of the pillars located at depths of >80m will be in a state of yielding. In order to
assess the expected surface settlement in inelastic state, the same models were run using inelastic pillars in the
following section.
6.2 Inelastic settlement of web pillars
Using the input parameters presented in Section 6 and the layout presented in Figure 16, a further study has been
conducted to estimate the pillar settlement and surface subsidence in the case of inelastic coal pillars. Figure 18
shows the surface subsidence above the panel in the case of inelastic pillars. It is apparent that up to 200mm of
surface subsidence can be expected if the panel is as wide as it is modelled.
From the results above it can be concluded that when the web pillars are in a completely elastic state, the
calculations provided by Mine Advice are acceptable. However, as seen in the numerical modelling section, it is likely
that the proposed web pillars will not be in an elastic state at depths greater than 80m. Therefore, the inelastic
settlement of the pillars using inelastic coal material properties is assessed for the proposed geometries in the
following section.
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Distance along the surface (m)
0

50

100

150

200

250

0.000

Surface subsidence (m)

-0.050

-0.100

-0.150

-0.200

-0.250
Figure 18. Surface subsidence due to settlement of inelastic pillars
6.3 Surface subsidence of web pillars in proposed layouts
Following on from the above, a further modelling study has also been conducted to estimate the likely subsidence on
the surface for the layouts proposed by Mine Advice. In this study, identical RS2 input parameters have been used,
but the layouts and dimensions at depths of 80m, 120m and 170m have been assessed, as presented in Table 8. In
these models, four web-panels are modelled, as shown in Figure 13, and each panel is mined in subsequent mining
steps.
Results from this study are presented in Figure 19 to Figure 23Figure 22. These figures highlight that at greater
depths the surface subsidence can reach up to 45mm. Although this level of subsidence is not significant, it is
nevertheless greater than 20mm.
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Figure 19. Surface subsidence at 80m depth following the extraction of four panels
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0

50

100

150

200

250

300

350

400

0.0000
-0.0050

Pillar settlement (m)

-0.0100
-0.0150
-0.0200
-0.0250
-0.0300
-0.0350
-0.0400

1st panel mined
2n panel mined
3rd panel mined
4th panel mined

-0.0450
-0.0500
Figure 20. Surface subsidence at 120m depth following the extraction of four panels
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Distance along the pillar (m)
0
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Figure 21. Surface subsidence at 170m depth following the extraction of four panels

Distance along the surface (m)
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Figure 22. Comparison of surface subsidence at 80m, 120m and 170m depth following the extraction of the
four panels
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1st panel

2nd panel

3rd panel

4th panel

0.000
-0.005

Surface subsidence (m)
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-0.040
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-0.050

Figure 23. Comparison of maximum surface subsidence at 80m, 120m and 170m depth following the
extraction of the panels
6.4 Worst-case surface subsidence in the case of complete failure of web pillars
In order to determine the maximum possible surface subsidence in the case of a complete failure of the web pillars,
an additional model has also been constructed at 170m. Similar to the preceding section, all four panels were
extracted in a sequence and in an additional stage all web pillars located in the panels were removed, representing a
complete failure of web pillars in all web-panels. Figure 24 shows the subsidence along the surface. This figure
indicates that in a case of failure of web pillars, the surface subsidence can be in the range of 80mm. Although the
tilts and strains caused by this maximum level of surface subsidence will not be significant on natural features, the
expected impacts on man-made features should be assessed. Therefore, a subsidence management plan is
recommended to manage the expected subsidence and measure its potential impacts on public safety, the
environment, community, land use, surface improvements and infrastructure.
6.5 Best-case estimate of pillar loading
Another model was also constructed to determine the stress on the web pillars when they are in an elastic state. This
model can be considered as the best-case model as all materials (i.e., coal overburden and floor) in the model are
elastic. The modelling results indicate that the average stress acting on the centre pillar is approximately 6.6MPa,
which is approximately 90% of the tributary area load of 7.25MPa in the proposed layout. This finding suggests that
even under the elastic state (i.e., the best case scenario), the load acting on the web-pillars will be approximately
10% lower than the tributary load; therefore, the FoS and the associated PoS of the web pillars will not be
significantly lower than the tributary are load estimate in the proposed narrow panel widths.
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p
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2nd panel mined
3rd panel
p
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-00.080
-00.090

4th panel
p
mined
Webb pillars removed

FFigure 24. Su
urface subsidence in worsse case, i.e. all
a web pillarss have failed w
with no remn
nenat
6.6 Asssessment of the
t stability of
o the intra-weeb pillars
In the casse of a failure of web pillarss, the load wil l be redistribuuted onto the intra-web pillaars. Therefore, their stabilityy
is critical.. Their stability is also asseessed in thesee models usinng the above inelastic coal material propperties. Figuree
25 indicates that in thee case of a coomplete failurre of the web pillars, the Sttrength Factorr (i.e., strengtth/load) of thee
core of thhe intra-web piillars is approxximately 1.6.
Figure 255 also shows that
t the shear and tensile faailures in the ribs of the intraa-web pillar wiill extend apprroximately 7m
m
into the inntra-web pillarrs; however, thhe core of the pillar will remain relatively stable.
s

web pillar in the case of complete
Figure 25. Strength factorr of the intra-w
c
failuure of web pillars
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7

ASSESSMENT OF GATEROAD PILLAR STABILITY

It is assessed that the FoS of the gateroad pillars are acceptable under development loading with the assumption
that the web pillars will be long-term stable. However, in the case of failure of the web pillars, the gateroad pillars will
be subjected to abutment loads, which can be estimated using the simple single side abutment-loading model
presented by Mark (1990) rather than numerical modelling, due to the simplicity of the calculations.
Figure 26 shows the FoSs’ of the gateroad pillars at different depths under single abutment loading (i.e., web pillars
located only on one side of the gateroad pillars failed). This figure indicates that when the gateroad pillars are
subjected to abutment loads (using an abutment angle of 21o), they can start yielding and become unstable at depths
of greater than 130m. The yielding and failure of the web and gateroads pillars can certainly cause surface
subsidence significantly greater than 20mm.
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Figure 26. Surface subsidence in worse case, i.e. all web pillars are extracted
It is believed that, for practical reasons, the gateroad pillar width was kept constant by Mine Advice and the length of
the pillars increased at 170m cover depth. It is recommended that depending on the final layout and the changes of
the cover depth in each panel, the gateroad pillars should be redesigned.
8

SUMMARY AND DISCUSSION

In the past, similar mining layouts which utilise the bridging capabilities of the overburden strata have been practised.
However, in this instance the proposed web pillar sizes are unique; the reviewer is unaware of any recent pillar
designs that have utilised such narrow, systematic web pillars to ensure long-term stability.
The following operational considerations are relevant to the Hume Coal Project:




Groundwater and inrush risks
Geological discontinuities
Equipment recovery in the drives
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Roof stability
Off-line cutting and its impact on pillar and roof stability

Inrush has been identified as a potential risk. Another consideration regarding the groundwater is the direction of
mining with regard to the dip of the seam. In such conditions where the seam is an aquifer and other aquifers are in
close proximity to the target seam, down-dip mining can pose a risk to the underground workforce and cause
significant operational problems necessitating extensive water management.
Geological discontinuities can adversely affect pillar and roof stabilities. It is understood that most of the geological
mapping will be conducted in surrounding excavations to infer the structures. This technique is mostly accurate for
the identification of major geological structures. However, in many cases this technique can be ineffective. In my
opinion, in this proposed layout, even minor geological discontinuities, including cleats, joints and rolls, can cause rib
spalling and/or roof falls that can adversely affect web pillar stability.
In highwall mining, the actual widths and heights of web pillars can differ significantly from the designed values as a
result of off-line cutting brought about due to poor guidance controls. It is understood that Hume Coal relies upon the
success of technologies related to guidance control that remain in development. Since off-line cutting can have a
significant impact on pillar and roof stabilities, an in-depth study into the degree of potential off-line cutting and its
impact on the proposed layout is highly recommended.
In the USA and Australia, a number of reported underground highwall mining failures have trapped mining
equipment. Therefore, another critical consideration in highwall mining is the recovery of the CM in the case of a
breakdown, flooding or fall of ground, particularly if an entry to the drives is required. It is understood that equipment
recovery has already been considered by the mine. However, a management plan with an underpinning risk
assessment for recovery operations will only be developed during and following the design and purchase of
equipment.
As stated by Mine Advice, the load distribution between web pillars and the intra-panel barrier pillars is almost
certainly indeterminate, in that it is directly influenced by a number of unquantifiable geotechnical parameters.
Therefore, numerical modelling is the most reliable approach to calculating pillar loads for the proposed layout.
Currently available numerical models are highly capable of assessing the bridging capabilities of Hawkesbury
Sandstone, the degree of load redistribution and the magnitude of pillar loads. In my opinion this is a major limitation
of the pillar design study conducted in EIS.
Mine Advice utilised the ARMPS-HWM method for initial pillar designs followed by the UNSW pillar design
methodology to complete the design process to a standard that can be considered as part of a mining application in
NSW. In the authors opinion, the NIOSH study was conducted to determine the stability of pillars and roof whilst the
mine is active (i.e., to ensure the stability in entries for a short period of time); the reviewer is not aware of any
references to the assessment of the long-term stability of pillars in the NIOSH method.
The results from the assessment of web pillar stability using numerical modelling showed that at depths of 120m and
170m, the FoSs’ of the web pillars are low, approximately 1.1. At shallower depths (i.e., 80m), the FoS of the web
pillars are approximately 1.4. It is of note that the input parameters regarding the strata stiffness and the stress
environment were extracted from the Mine Advice report in this study. The results revealed that the proposed web
pillars will not be long-term stable.
This numerical study also indicates that the web pillars with a w/h ratio of 1.71 at 170m may have a weaker strength
with the 3m coal roof and 0.5m floor. A further study will be required to identify the effect of a thick coal roof and floor
on pillar strength. In the meantime, a more conservative design approach using a higher FoS may be considered.
Backfilling is found to be appropriate for Hume Coal. Whilst backfilling has occasionally been used to stabilise old
workings, it has rarely been used to increase the FoS during extraction. Backfilling will prevent spalling of the web
pillars over a period of time. This will, in turn, ensure the long-term stability of the panels. However, as the numerical
modelling of backfilling is not conducted on a real time basis and the property of a backfill is assumed to be settled
over time, the effect of backfilling needs to be further studied with field trials. The material properties of the backfill
material should also be determined.
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The numerical modelling study has also found that the ribs of the web pillars will not be in an elastic state as
assumed by Mine Advice. The results showed that at maximum depths of 170m the expected subsidence would be
approximately 45mm. The absolute worst-case subsidence in the case of failure of web pillars (modelled as no web
pillars) at a depth of 170m would be approximately 80mm. Although the tilts and strains caused by the maximum
level of surface subsidence will not be significant on natural features, impacts to man-made features should be
reassessed. Therefore, a subsidence management plan is recommended to manage the expected subsidence and
its potential impacts on public safety, the environment, community, land use, surface improvements and
infrastructure.
Another model was also constructed to determine the stress on pillars when they are in an elastic state as assumed
by Mine Advice. This model is considered to be the best-case model, as all materials in the model were elastic.
These models indicated that the stress acting on the centre pillar is approximately 90% of the tributary area load
(6.6MPa at a depth of 170m). This suggests that even in the best state of pillars with bridging of Hawkesbury
Sandstone, the FoS of the pillars will not be significantly greater than estimated by the tributary area theory.
Simple abutment loading models revealed that if the gateroad pillars are subjected to abutment loads, they can start
yielding and become unstable at depths greater than 130m. The failure of the web pillars in conjunction with the
gateroad pillars in this case can certainly cause surface subsidence greater than 20mm. It is therefore recommended
that depending on the final layout and the variation of cover depth in each panel, the gateroad pillars should be
redesigned.
9

OVERALL CONCLUSIONS

A pillar design, which uses the bridging capabilities of Hawkesbury Sandstone to limit pillar loads and surface
subsidence is credible. However, the degree of load distribution and surface subsidence depends on many
geotechnical and geological factors. The most appropriate pillar design tool in this case is numerical modelling that
can accurately reveal pillar loads. Without a detailed numerical modelling study to design the pillar system stabilities,
an appropriate assessment of the project is not achievable.
A long-term stable coal pillar is generally defined as a coal pillar system that will not result in the failure of pillars over
a long period of time, despite rib and roof spalling, which can otherwise cause unacceptable surface subsidence.
Once the pillar dimensions are determined, the long-term stability of the pillars can be evaluated using an industry
standard or the methodologies proposed by Salamon et al., (1998) and Canbulat (2010). Without this assessment,
an appropriate assessment of the project is not achievable.
Even if the proposed web pillars fail, the expected subsidence would be relatively low. However, this low level of
subsidence can impact man-made features. Therefore, a subsidence management plan is recommended to manage
the expected subsidence and its potential impacts on public safety, the environment, community, land use, surface
improvements and infrastructure. The subsidence management plan should be conducted following the above
recommended pillar design study.
In my opinion, the Hume Coal’s EIS should consider the recommendations given in this report to elicit an appropriate
assessment of the proposed mine design.
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