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ABSTRACT
Broadmeadow Mine is an underground longwall mine located in 
Central Queensland, Australia. The mine introduced a top coal 
caving (TCC) longwall face in 2013 but since then has experienced 
severe convergence events at the start of each panel after 60–70m 
of retreat, resulting in equipment damage and the longwall almost 
becoming iron bound. A significant geotechnical monitoring effort 
during LW10 and LW11 to characterise the caving mechanics and 
operational changes during LW11 were successful in mitigating the 
risk posed by these initial convergence events. This paper describes 
the geotechnical monitoring programme undertaken during LW11, 
the operational methods used to mitigate these initial convergence 
events, and the contribution to these events of the TCC technique.

A thick sandstone unit close to the extraction roof was likely the 
cause of the convergence events at the start of each longwall panel. 
However, stress change monitoring cells, surface extensometers, 
an inclinometer, and the blockage of holes designed for pre-
conditioning using hydraulic fracturing indicated that the 
convergence events were not caused by the sudden collapse of 
sandstone bridging across the goaf. Rather, they were caused by 
the propping action of strong units within the overburden strata. 
Equipment design modifications were made to allow the longwall 
to remain operational during the convergence events and an 
operational strategy was implemented to mitigate convergence in 
LW11. The initial convergence event was successfully negotiated, 
and Broadmeadow went on to be the highest producing longwall for 
CY16 in Australia.

INTRODUCTION
Broadmeadow Mine is an underground longwall mine located 
in Central Queensland, Australia, owned and operated by BHP 
Mitsubishi Alliance (BMA). The mine is a punch longwall mine 
using open cut pit access provided by Goonyella/Riverside Mine. 
Broadmeadow commenced longwall operations in 2005 using a 
conventional high reach longwall, but later changed to the top coal 
caving (TCC) method of extraction. Broadmeadow extracts the 
easterly dipping 5.5–7.5m-thick Goonyella Middle Seam in ranging 
in depth from 90m to 330m. The coal is washed and blended at the 
adjacent Goonyella/Riverside open cut mine to produce a premium 
coking coal product for export.

The longwall panels are typically 2–3km in length and 320m wide 
and retreat to the west up the dip of the seam. This allows longwall 
take-off to occur at shallow depths adjacent to the highwall access.

The longwall is CAT-supplied with 158 2m-wide shields. The run 
of the face shields are a two-leg, 1460t capacity, and the gate end 
special shields are three-leg supports with a 1580t capacity. The 
two shields covering the front and rear maingate drives are four-leg 
supports with 1800t capacity.

The shearer typically extracts the basal 3.8m of the seam with the 
remainder recovered using the TCC method.

HISTORY OF WEIGHTING EVENTS
Periodic weighting has occurred throughout the mine life, 
correlated with the presence of the moderately strong MP41 and 
MP42 sandstone units. The MP42 sandstone channel increased in 
thickness and was located over the start positions of LW7-11, with 
the thickest portion over LW10 (Figure 2).

Mild weighting was noted at the start of LW7 with the conventional 
high reach longwall, where MP42 was present at the start line but 
was less than 20m thick. This did not generate any operational 
concerns because the shields had sufficient stroke that they could 
withstand moderate convergence without damage.

Longwall TCC was introduced at the start of LW8. Geotechnical 
modelling and experience from neighbouring mines indicated that 
the weighting from the sandstone was manageable. As a result, 
selection of longwall start positions was driven by avoidance of 
geological faulting rather than weighting risk.

There was no major impact from periodic or initial weighting on 
production performance until the commencement of LW8, where 
thick sandstone was present over start of the panel. A significant 
convergence event occurred after 65m of retreat. This caused shield 
damage, rear loading, flattening of the lemniscate, and the rear 
caving doors to be jammed into the rear armoured face conveyor 
(AFC).

Slow retreat was thought to be a major contributor to the LW8 
event. As a result, in LW9, there was a greater focus on increased 
retreat rate and extraction height (3.9m) in the area of the initial 
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weighting. Modification to the location of services was undertaken 
in clash points of the longwall support.

Monitoring data from the micro-seismic loading rate and 
convergence were used to predict the onset of the initial weighting 
event. It was found that the most reliable predictor was the 
increase in the amount of shield yielding, as shown on the average 
leg pressure plots during each shear. A power outage occurred 
during the initial weighting event for LW9, which minimised the 
opportunity to retreat out of the zone. Relocation of electrical boxes 
and hose manifolds allowed the shearer to pass, and production 
resumed after a 48-hour delay.

Due to the impacts to production in LW8 and LW9 and a further 
thickening of the MP42 sandstone, a strategy was developed to use 
hydraulic fracturing to mitigate the impact of the initial weighting 
in LW10. The stress environment was such that the hydraulic 

fracturing work could not be undertaken until a goaf void could be 
used to reduce the vertical stress. Preparations were made after 40m 
of retreat to conduct all maintenance required to maximise retreat 
rate through the critical zone. Extraction height was maintained at 
3.9m to allow for convergence.

LW10 CONVERGENCE EVENT
After a three-hour production delay, indications of the onset of the 
initial weighting started as a progressive build-up of average leg 
pressure using Longwall Visualisation Analysis (LVA) software 
(LVA, 2018). After resuming cutting, three shears were taken where 
increasing numbers of shields were yielding. A rapid convergence 
of 600mm occurred over a period of 30 minutes during the third 
shear. The convergence that occurred after the initial 600mm 
resulted in an overall height reduction of 1200mm from 3.9m to 
2.7m in the worst areas, with an average convergence of 900mm for 
the entire wall.

Figure 1. Broadmeadow location and mine plan.

Figure 2. MP42 Sandstone thickness and location of initial weighting events LW8–10.
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At least 10 shields were rendered inoperable (Figure 3). 
Subsequently, 60 shields required repairs. Fortunately, the shearer 
was in a safe position at the tailgate, and no significant falls of 
ground occurred along the face.

The magnitude of convergence was such that there was insufficient 
room for the shearer to pass under the shield canopies. An attempt 
was made to cut an additional web in front to create additional 
clearance for the shearer through a two-web back operation. This 
was not successful.

A variety of strategies were implemented to create more height: 
adding hydraulic props to lift the canopy tips, blasting the floor 
and excavating under the pans, blasting the roof, and removing 
the sloughing plate and other services off the top of the shearer 
to reduce the shearer height. None of these techniques proved 
effective, and a new method using high-pressure water scaling was 
using to cut away the coal above the shields. Once enough coal was 
cut away to allow the shield to articulate, spikes were deployed 
on the canopy to break away the remainder of the roof material to 
allow the shield to set to a height to allow the shearer to pass.

In parallel to the clearance activities, maintenance commenced 
to restore basic operations to damaged shields using manually 
operated valves and bypass hoses. Production slowly resumed 
with the intent of getting enough height back to undertake repairs 
to regain full operability. Repairs involved almost a complete 
replacement of the inter-shield hoses and numerous solenoid banks. 
Normal production resumed 48 days after the initial event.

The LW10 initial weighting event showed that characterisation 
of the MP42 sandstone was required to determine if the LW11 
start location was worse than LW10 with respect to convergence 
risk. Once the worst case convergence for LW11 was understood, 
modifications would have to be made to the equipment to allow 
operation of the longwall with the expected loss in height and 
clearance. Production processes were planned based on the LW10 
experience to allow the optimum approach for mining through 
the convergence event. A detailed monitoring programme was 
implemented in LW11 to understand the mechanism driving the 
convergence events.

SANDSTONE CHARACTERISATION
The presence of thick sandstone was determined to be a weighting 
risk during mine feasibility. Periodic weighting was thought 
to be manageable by other underground mines in the area. The 
Commonwealth Scientific and Industrial Research Organisation 
(CSIRO) developed a sedimentary grid model using borehole 
geophysical logs. Natural gamma logs were most useful in 
correlating sandstone units. It was found that the goafing interval 
above the Middle seam was dominated by sandstone units 40–60m 
thick and 2 to 4km wide. In the cross-section, the sandstone bodies 
are lenticular and contain a variety of cross stratification structures 
at the fringes. They are more massive toward the core (Figure 4).

Sonic velocity logs have been correlated to laboratory unconfined 
compressive strength tests, and a strength range of 40–60MPa is 
typical to the sandstones.

Determining the boundaries for sandstone units using gamma logs 
is somewhat subjective. Geophysical strength rating (GSR) can be 
used to provide a quantitative method to characterise strong areas 
of sandstone. The GSR is derived from a combination of the sonic 
velocity estimate of rock strength and clay and porosity factors. 
Experience has determined that a GSR >60 is associated with 
massive sandstone units.

Once the GSR is calculated, contours can be examined by section 
and by plan view to understand the distribution. The sections in 
Figure 5 show a relatively high GSR for LW10 start on the sections 
at both ends of the face as compared to LW9 start position. LW11 
shows significantly reduced GSR at the tailgate end of the face, 
which is a similar GSR to LW10 at the Maingate (MG) end of the 
face.

This characterisation concluded that the expected convergence 
event in LW11 would be no worse than that in LW10.

HYDRAULIC FRACTURING IN LW10
Hydraulic fracturing has successfully been used at a number of 
mines to modify overburden-caving behaviour. Strata Control 
Technology (SCT) and CSIRO were commissioned by BHP 
Mitsubishi Alliance (BMA) to undertake a program of hydraulic 

Figure 3. Intershield hoses pinched and damage to solenoid banks.
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fracturing at the start of LW10 using an approach similar to that 
successfully used at Narrabri Mine to manage windblast (Puller, 
Mills, and Jeffery 2015). Time did not allow for the extensive 
program of test work that preceded the hydraulic fracturing 
program at Narrabri Mine, but the approach was nevertheless 
adopted in the absence of practical alternatives.

Overcore measurements were conducted from the surface near the 
start of LW10 to estimate the in situ stress field at the site. These 
measurements indicated the minor horizontal stress at the site 
was lower than the vertical stress due to horizontal stress relief 

toward the previously extracted LW9 and some increased vertical 
abutment load. Hydraulic fractures created in this stress field would 
be vertical and parallel to the direction of longwall retreat. Vertical 
fractures of this orientation are not expected to have any significant 
effect on caving behaviour. Therefore, an alternative strategy was 
required.

This alternative strategy involved placing the hydraulic fractures in 
the modified stress environment created once the longwall face had 
retreated 30–60m. In this stress environment, the vertical stress is 
near zero just above the goaf, and hydraulic fractures are likely to 

Figure 4. Highwall exposure of the MP42 sandstone and section view.
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form in an arch shape above the goaf. Fractures of this orientation 
promote caving.

Seven boreholes were drilled into the sandstone in the zone from 
20–40m from the start point of LW10. The boreholes were drilled 
and pre-slotted prior to longwall start-up to minimise treatment 
times for each hole. When it came time to install the packers to 
undertake the hydraulic fracture treatments, it was found that the 
boreholes were blocked. Initially this blockage was thought to be 
associated with horizontal shear within the bridging sandstone, 
but subsequent measurements and the upward progression of the 
blockage confirmed that the sandstone was already caving without 
the need for hydraulic fracturing.

A stress change monitoring instrument installed ahead of 
the longwall face, ANZI strain cell BMM22, provided high 
confidence measurements of the stress changes that occurred 
within the overburden as LW10 retreated. The stress changes 
and the blockages observed in the hydraulic fracturing holes are 
summarised in Figure 6.

These measurements indicate a series of distinct stress relief events 
occurring increasingly higher into the overburden strata as the 
longwall retreated. Each event lasted only a few hours and was 
inferred to correspond with the failure and collapse of strata at the 
top of an arch-shaped zone of large downward movement. This is 
similar to that observed by Mills and O’Grady (1998) at Clarence 
Colliery. The failure of strata leads to a reduction in stress observed 
at BMM22. The stress change vector observed at BMM22 points 
to the location of the failed strata. The blockages in the hydraulic 
fracturing holes correspond in time with the development of the 
arch-shaped zones of large downward movement.

The size and arch shape of the zones of large downward movement 
are consistent with overburden and subsidence monitoring at 
numerous other sites (Mills, 2012). This indicates that the initial 
caving behaviour at Broadmeadow Mine is similar to other sites, 
and the sandstone strata is not bridging.

A significantly different event—a compression event—was 
detected by BMM22 on 9 October between 1:51am and 4:37am. 
This compression event at about 72m of longwall retreat signalled 
the onset of the major convergence event later that day between 
4:52pm and 6:50pm after a further 10m of retreat. This convergence 
event caused significant production delays and led to a revision 
of management strategies and the instigation of a more rigorous 
monitoring strategy at the start of LW11.

EQUIPMENT DESIGN CHANGES
The primary extraction height for the longwall TCC kit was 
designed to be 3.8–3.9m. However, concerns about spall resulted 
in the equipment design including a rear walkway. This compressed 
the location of the inter-shield hoses and valve banks so that the 
shields could only converge to around 3.2m without clashes. In 
addition, the EL3000 shearer was designed with a high throughput 
tunnel, which resulted in the shearer also becoming ironbound on 
the shields at around 3.2m.

The convergence experienced in LW8 resulted in the V block 
manifold shifting from a fixed mounting position and being chained 
up in the rear walkway. This was an effective work around to 
prevent hose damage as the lemniscate closed. The disadvantage 
was that the rear walkway was not able to be used and the mining 
system was altered to allow operation from the front walkway. This 
also greatly improved operator visibility and, therefore, improved 
horizon control. The risk of face spall was effectively managed with 
no-go zones around the shearer, effective use of flippers, and the 
shearer sloughing plate.

The design of the three-leg shields positioned over the rear Tailgate 
(TG) drive proved most problematic. The shields are prone to 
rotating toward the goaf when there is a loss of roof over the shields 
or when the shields are rear-loaded during convergence events. As a 
result, during the change-out from LW9 to LW10, the shield bases 
were modified to extend them by 250mm. This modification shifted 
the rear AFC pans toward the goaf. To overcome the risk of getting 
the rear pans stuck the rear door of the TG, special shields were 

Figure 5. GSR section views showing start positions of LW9–11.
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extended 250mm. The yield valves on the caving door rams were 
increased from 380 Bar to 420 Bar to compensate for additional 
door length. Another improvement for all rear-caving doors was 
to incorporate a “PARK” function, which actively sets the rear 
doors to prevent them from being forced into the rear AFC during 
convergence.

During LW9, the rear caving doors became jammed on the rear TG 
drive a number of times, making the drive and the shields difficult 
to advance. The rear TG drive cover was modified to improve 
strength and re-profiled to reduce snag points. In addition, the 
caving doors were made more ridged, covering the rear TG drive to 
assist in preventing snagging.

Clearance for the shearer to pass under shield canopies was 
one of the key delays to the recovery process during the LW10 
convergence event. A number of options were investigated to 
reduce the height of the shearer. In the short term, hosing and other 
ancillary equipment were removed from the top of the shearer to 
allow the sloughing plate to be fully lowered. Further long-term 
work was done to permanently remove sensors and valves. The 
next highest clash point was then moved to the Bretby tow arm. 
A temporary modification was made to attach the Bretby to the 
shearer with slings until a lower profile arm could be made.

The shield modifications resulted in 450mm of additional 
convergence capability. The shearer height was lowered by 150mm. 

These changes combined with a planned increase in extraction 
height to 4.1m allowed a total of 1300mm of convergence to be 
sustained without impacting operability. This was equivalent to 4 
days of the worst case convergence experienced in LW10.

LW11 MONITORING PROGRAMME
The monitoring programme at the start of LW11 was designed to 
better understand the geotechnical cause of the events leading to 
the significant convergence events observed in previous longwall 
panels after about 70–80m of longwall retreat. The monitoring 
programme comprised

• Overcore measurements undertaken in surface boreholes to 
determine the in situ stresses at a number of locations around 
the start of LW11 and LW12.

• Five multi-point surface extensometers installed at intervals of 
15m near the centreline of LW11 above the starting area.

• Three stress change monitoring cells located 100m, 130m, and 
160m from the start of LW11.

• An inclinometer installed approximately 80m from the start of 
the panel through the maingate pillar extending from the surface 
to approximately 30m below the Goonyella Middle Seam min-
ing horizon.

The overcore measurements when combined with previous 
measurements at the site and adjusted for elastic modulus, 
overburden depth, and stiff inclusions showed that in situ stress 

Figure 6. Stress change and hole blockage LW10.
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relief is consistently evident at Broadmeadow Mine to a horizontal 
distance of about 600m from the nearest goaf edge. This finding 
means that each new gateroad and installation face is located 
within a stress relieved zone unless the panel extends further than 
600m beyond the previous panel. This stress relief is consistent 
with recent observations of ground movements at other sites where 
horizontal stress relief movements are routinely observed up to 
several kilometres from the goaf edge (Mills, 2014).

The extensometers located over the start of the panel show the 
regular development of overburden caving similar to that inferred 
from BMM22 and the hydraulic fracturing holes above the start of 
LW10. These extensometers show that caving developed normally 
as an upward progression of arch-shaped zones of large downward 
movement, perhaps more correctly described as trapezoidal, where 
the height of the arch is approximately equal to the width and length 
of the goaf.

The shape of the goaf indicated by the extensometers is shown 
at each 5m increment of longwall retreat. If the goaf were caving 
evenly, the arch shapes would be uniformly distributed. Figure 7 
shows that the overburden caving was not evenly distributed above 

the start of LW11 and periodically overhung the longwall face for a 
distance of 10–20m into the goaf.

The overhanging strata collapsed suddenly when the strata at 
the top of the arch propping the overhang became overloaded in 
horizontal compression and failed, leading the stress relief events. 
Figure 7 shows that the top of the arch and the top of the overhang 
are coincident in each event with the presence of a lower strength 
stratigraphic horizon.

The stress change monitoring above LW11 indicates a similar, but 
less well-defined, pattern of behaviour observed by BMM22 above 
LW10.

The inclinometer monitoring showed that a number of shear 
horizons developed as the goaf formed, as shown in Figure 8. There 
were no shear horizons at the top and bottom of the Goonyella 
Middle Seam, but there were shear horizons in the roof and floor at 
various low strength stratigraphic horizons.

The direction of shear movement relative to the base of the hole is 
toward the goaf of LW11.

Figure 7. Extensometer and stress relief events LW11.
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The effect of these shear horizons is best illustrated by the shear 
horizon that formed at the top of the MP42 sandstone (on the GP4 
tuff) about two days before the SMP65 unit failed in horizontal 
compression.

The direction of shear movement was toward the goaf with more 
movement occurring higher in the overburden section. The 
development of a shear horizon at the GP4 horizon two days before 
the onset of failure of the SMP65 indicates that the SMP65 is the 
last stratigraphic horizon below the GP4 that is providing support 
to the cantilever of MP42, formed above the longwall face. Once 
the GP4 fails in shear, the SMP65 is isolated between the top of 
the goaf and the GP4 tuff so that all the horizontal load associated 
with movement toward the goaf is now coming onto the SMP65. 
Failure of this unit at about 70m of longwall retreat causes the 
10m of overhanging MP42 strata to become overloaded and move 
downward. The longwall supports have moved far enough forward 

by this time that the weighting, although apparent in the LVA 
records, can be accommodated by the longwall shields without a 
significant interruption to mining.

MECHANISM
Longwall weighting is a reasonably common ground control problem 
in longwall mining. Longwall mining involves the extraction of 
coal and the caving of the overburden into the void behind the 
longwall face. Caving allows the bulking of broken caved material 
until it transfers ground loads into the floor of the goaf (caved) area. 
However, if a strong, thick formation of rock (such as conglomerate 
or sandstone) exists close to the extracted seam, it can “hang up” or 
cantilever over the open void created by the extraction of coal. In 
particular, it can hang up a greater distance at the start of a longwall 
as it bridges from the rear pillar at the start line to the active face. 
The monitoring in LW10 and LW11 found the conventional paradigm 
did not hold true. The overhangs were relatively small as the cave 
progressed proportional to the extracted width. The monitoring 
determined that the relatively strong SMP65 sandstone unit assisted 
the MP42 to span into the goaf, resulting in a relatively large 
detached block to fail due to shear along the weak GP4 tuff unit.

Once formed, the detached block is able to freeload the shields 
due to the available space in the goaf and because it is prior to 
significant surface subsidence. In the case of LW10, this block 
detached ahead of the face compressing the 3m of coal ahead of 
the face by about 1m, which resulted in severe overloading of the 
shields until the rear of the detached block was supported by the 
goaf. This process flattened the lemniscate as the detached block 
rotated, allowing rear loading of the supports. Figure 9 shows the 
mechanism that generated the severe initial weighting in LW10.

The GSR analysis determined that the MP42 sandstone unit was not 
as strong in LW11 as compared to LW10. This, along with greatly 
increased retreat rate, outran the detachment of the cantilever block, 
which avoided the expected severe initial weighting. LVA plots of 
convergence in cycle and leg pressure indicated no initial weighting 
event occurred in LW11 at the expected 65–70m of retreat (81–88 
shears) (Figure 10).

Note that there were a series of weighting events further outbye 
of the initial event with reduced convergence of 200–300mm. The 
reduced magnitude is attributed to increased support of detached 
blocks due to bulking of the goaf.

LW11 STRATEGY, SUCCESS, AND LESSONS LEARNED
The characterisation work of the overlying sandstone indicated that 
the sandstone at the start of LW11 was similar to that of LW10 at 
MG10 but had a reduced GSR at the TG end. Due to the lack of 
success of hydraulic fracturing in LW10 and the stress environment 
at the start of LW11, it was decided that it was not appropriate.

The key strategy for LW11 was to modify the convergence 
capability of the longwall equipment to sustain 24 hours of the 
worst convergence experienced in LW10. The production plan for 
the zone was as follows:

1. Cave and retreat normally with maintenance days for the first 
40m.

2. Conduct an extended maintenance and retraction to allow for 
sustained retreat.

Figure 8. Inclinometer showing shear movement at various 
horizons.
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3. Switch off caving at 40m to allow more caved material in the 
goaf (unless overridden by TARP, which allows caving on 
shields with low rear clearance).

4. Ensure primary extraction height is increased to 4.0–4.1m (to 
maximise convergence capability).

5. Park the rear caving doors to maximise rear AFC clearance.
6. Retreat at normal production rates.
7. If required, conduct further planned maintenance through to 

50m retreat.
8. Once shield pressure monitoring indicates building weight 

across the face, attempt to sprint through the zone.
9. Resume TCC once the convergence event has passed and 

normal shield height is obtained.

IMPACT OF TCC EXTRACTION
There is limited information available on the impacts of weighting 
and convergence for the TCC method. The most relevant case study 
is from Austar Mine (Moodie and Anderson, 2011), where severe 
weighting events resulted from a strong overlying paleo channels of 
sandstone. The experience from Austar was that weighting effects 
could be reduced by switching off TCC. The paper determined that 
massive unit cantilevers are supported by a greater bulk of material 
in the goaf, allowing the goaf to carry load earlier. This concept is 
supported by the analysis of no cave zones at Broadmeadow under 
the Isaac River in LW9 and LW10. An analysis of initial loading 
rates (between 5 and 10 minutes after set) were calculated for 40–
120 shields for each cycle in LW10. The results were as follows:

• Average initial loading rates approaching the Isaac River 2.22 
bar/min (deeper).

• Average initial loading rate not caving under river of 1.66 bar/
min. (Impacted by 11-hour shift delay, which increased loads 
after the delay).

• Average initial loading rates retreating away from Isaac River 
1.81 bar/min (deeper).

CONCLUSIONS
Initial weighting events should be considered when strong units 
are present in the overburden at the start of longwall panels. 
Characterisation of the overburden is critical to determine initial 
weighting risk. Detailed analysis of natural gamma and sonic logs 
from boreholes and use of GSR proved most effective. Risk factors 
include units >20m thick with strengths greater than 40 MPa within 
10m of the extraction horizon.

Hydraulic fracturing is perhaps the only practical method for 
influencing caving behaviour and has been successfully used 
to manage caving behaviour at longwall start-up. However, 
before hydraulic fracturing can be implemented usefully, a good 
understanding of the in situ stress field, caving mechanics, and 
practicalities of hydraulic fracturing at each site are required if 
the technique is to be usefully and effectively deployed without 
unintended consequences (e.g., inducing sub vertical fractures in 
the tip-to-face area).

Equipment design should consider clash and pinch points. Ensure 
that the maximum convergence capability is retained through both 
shearer height and shield design.Figure 9. Mechanism of detached block resulting in convergence.
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Figure  10.  Comparison  of  first  150  shears  LW9–LW11 
(convergence left, leg pressure right).

Retreat rate is a critical element in management of detached blocks. 
The best approach is to retreat at a regular rate, allowing early goaf 
to develop at a height equivalent to the extracted width. When 
monitoring indicates cantilever overhang, retreat as quickly as 
possible past the developing break line. Maintenance shutdowns 
need to avoid the critical zone where the initial weighting is 
expected.

Extraction height should be balanced between the maximum 
convergence capabilities of the supports versus increasing bulk 
of goaf material. In the case of longwall TCC, switch off caving 
through the zone leading in to the initial weighting event.
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