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Summary 

This paper presents the results of a field measurement program aimed to measure 
the interaction of groundwater and mining induced ground deformations above a 
sub-critical width longwall panel in a series of panels, two decades after mining.  
Three cored holes were drilled from the surface above the centre of a longwall panel 
down towards the highly fractured zone known to exist just about seam 
level.  Observations including lithology, jointing, mining induced fracturing, 
groundwater flows and measurements of various hydrogeological parameters were 
made while the boreholes were open. The holes were then fully grouted and 
vibrating wire piezometers installed to measure the equilibrium piezometric profile. 

The results of this program provide correlation between the experience of ground 
deformation monitoring and the experience of groundwater monitoring.  These 
results provide a basis to develop groundwater models to faithfully represent the 
interactions between groundwater and mining induced ground deformations. 

 
1. Introduction 

This paper describes the results of a 
field program conducted at an 
underground coal mine that shows how 
the ground deformations associated 
with longwall mining relate to the long 
term stable groundwater system 
established well after mining is 
complete. 

Longwall mining is recognised to disturb 
the overburden strata above each 
extracted panel.  Deformations typically 
extend from seam level to the 
surface.  These deformations are 
regularly observed as subsidence at the 
surface and as highly dislocated rock at 
seam level.  The characteristics of the 

deformations that occur between the 
surface and the mining horizon are more 
difficult to study and the opportunities to 
thoroughly investigate them are 
relatively rare.   The interactions of 
groundwater within the various 
deformation zones identified are even 
more difficult to study and certainly less 
well understood.   

There are significant challenges to 
making meaningful measurements in a 
highly disturbed and dynamic 
environment above a longwall panel 
during the period of active mining.  
Experience indicates that it is common 
for field programs to be compromised by 
instrument failure caused by ground 
deformations.   In this context the 
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measurements presented in this paper 
are considered to provide valuable 
insight. 

2. Site Description

Tahmoor Mine is longwall mining coal at 
a site near the township of Tahmoor 
approximately 75km southwest of 
Sydney in NSW, Australia.  In 2012, 
Tahmoor Mine commissioned a drilling 
and investigation program above the 
centre of Longwall 10A; a longwall panel 
that had been mined approximately two 
decades earlier.   

Figure 1 shows the location of the site 
relative to the extracted longwall panels 
in the area.  The site was chosen to 
investigate the long term, steady state 
groundwater regime in an environment 
free from the dynamic effects of active 
mining.   

Longwall 10A started on 27 July 1992 
and finished on 14 November 1992.  
The extracted panel is 235m wide 
between chain pillars.  The Bulli Coal 
Seam is approximately 420m below the 
surface.  The panel width to depth ratio 

is 0.56.  The mining height was 
approximately 2.25m.  

Figure 2 shows the subsidence profile 
measured above the series of panels 
that included Longwall 10A.  The 
surface subsidence in the centre of 
Longwall 10A was approximately 
440mm.  The surface subsidence above 
the chain pillars on either side of the 
panel as 300-400mm.  The sag 
subsidence due solely to Longwall 10A 
(i.e. beyond the elastic strata 
compression associated with load 
concentration onto the chain pillars) is 
estimated to be about 100mm. 

Figure 3 shows a summary of the 
overburden stratigraphy and other 
observations made as a composite from 
the three boreholes that were drilled. 

2.1. Overburden Stratigraphy 

Overburden stratigraphy at the site was 
determined from three HQ cored holes, 
TB040A-C, drilled in close proximity to 
each other. Two redrills were necessary 
when core barrels became lodged in the 
holes.  The reduced level of all three 
borehole collars is RL284.5m. 
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Drilling of TB040A commenced on 28 
October 2013 and drilling of TB040C 
was completed at a total depth of 
243.9m on 17 January 2014.  A section 
of the Hawkesbury Sandstone between 
143.4m and 165m was not able to be 
cored due to poor drilling conditions.  

Table 1 summarises the lithology 
determined from the drilling. 

 
Table 1: Composite Lithology 

Unit Depth Range (m) 

Hawkesbury  S/S 0.0-174.7 
Newport  Formation 174.7-179.0 
Garie Formation 179.0-180.2 
Bald Hill Claystone 180.2-196.6 
Colo Vale 
Sandstone 196.6-243.9  

 

2.2. Defects observed in core 

Core logging of defects provided an 
indication of number and nature of 
mining induced fractures relative to 
natural jointing that existed prior to 
mining.  A histogram and the 
orientations of these defects are shown 
in Figure 3.   

A total of 589 defects were logged over 
the entire cored section; 394 of these 
were bedding planes (mainly in the 
sandstones) and 155 were natural 
joints.  Defects are defined as any 
feature that cuts the core.  In general, 
the terms “joint” and “bedding plane” are 
intended to describe those defects that 
are natural.  The term “fracture” is 
intended to describe defects that are 
either drilling induced or mining induced.   

2.3. In situ stress observations 

Borehole breakout observations provide 
an indication of high stress zones and 
stress direction.  An in situ stress 
measurement was attempted but was 
unsuccessful.   

Borehole breakout is evident in the 
acoustic scanner log at 74m and 79m 
depth oriented at 160° and 340°GN 
indicating the major horizontal stress is 
oriented at 70°GN.   Two other short 
sections of borehole breakout are 
apparent at depths of 196.7m and 
226.9m with an orientation of 
approximately 10° and 190°GN 
indicating a major horizontal stress 
direction of 100°GN. 

Longwall 10A is aligned north-south so 
the indicated stresses in all the locations 
where breakout is observed are aligned 
in a direction across the panel. 

3. Groundwater Observations 

The groundwater behaviour was 
characterised at this site using a variety 
of observation techniques.  Piezometer 
monitoring was also used to profile the 
piezometric pressure once the holes 
were grouted.   

3.1. Packer / falling head testing 

Twenty five, Lugeon style, terminal 
packer tests were conducted in all three 
holes typically over 6m test intervals 
with three tests over 9m intervals. 
Seven falling head tests were 
conducted where packer testing was not 
possible due to high hydraulic 
conductivity.  
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Figure 4 summarises the results of the 
packer testing and shows there is a 
general trend of decreasing flow with 
depth into the borehole. 

 

 

 
The hydraulic conductivity measured 
ranges from a minimum of 3.3x10-9m/s 
to a maximum of 5.4x10-5m/s, with an 
average of 5.1x10-6m/s.  These results 
indicate a higher hydraulic conductivity 
than is typical for this area.   

3.2. Daily drilling water usage 

Daily water use for drilling the holes was 
able to be estimated with an accuracy of 
about ±1000 litres.  When converted to 
litres/hour/metre drilled, the average 
water loss for TBF040 was 1445 litres 
per metre drilled.  Average water loss in 
ground undisturbed by mining is 
typically in the range 0-100 litres per 
metre drilled. 

High water loss zones correlated with 
poor drilling conditions and highly 
hydraulically conductive strata.   Most of 
the major high water loss areas 
identified from daily water usage were 
located in the Hawkesbury Sandstone.  

3.3. Water level 

Standing water level was measured 
daily throughout the drilling process.  
The overnight standing water level 
remained at 41±1m in each of the three 
boreholes for the duration of the drilling 
program.  This level is equivalent to 
RL243.5±1m. 

3.4. Moisture content 

In situ moisture content was measured 
on eleven fully wrapped core samples 
taken at intervals over the length of the 
hole to determine if there was a change 
in moisture content with depth.  A range 
of rock types were selected so as to 
provide a representative selection of 
rock types present in the sequence. 

Figure 5 shows how the moisture 
content generally increases with depth 
but is also affected by lithology as would 
be expected.  Moisture content ranges 
from a minimum of 0.2% in the 
weathered zone to a maximum of 8.7%.   

 

There is a general trend of increasing 
moisture with depth, with the exception 
of the Bald Hill Claystone, which 
showed a lower moisture percentage for 
that depth. There is no obvious 

Proceedings of the 10th Triennial Conference on Mine Subsidence, 2017 55



 

 

relationship between grain size and 
moisture content.  

3.5. Borehole camera  

At the completion of drilling, a remotely 
controlled borehole camera was lowered 
into TBF040C on an electric winch with 
real time video of the borehole 
displayed at the surface.    

The fracture logs observed are shown in 
Figure 3.  They are classified as sub-
horizontal, angled, or vertical.  Multiple 
fractures at some locations are grouped 
together as a set and counted only as a 
single fracture zone.  Fine particles 
obscured some sections of the borehole 
in the bottom section of the hole 

The frequency of open fractures 
generally increases with depth.  
Approximately 80% of the open 
fractures observed by the borehole 
camera are horizontal or sub-horizontal 
and 20% are angled from horizontal, 
most only slightly.  Several fractures at 
depths of 179.2m, 185.1m, 189.2m and 
189.8m in the vicinity of the Garie 
Formation and the top of the Bald Hill 
Claystone show a high angle to 
horizontal.  There are no fully vertical 
fractures evident in the borehole camera 
logs. 

At a depth below surface of 195.8m, 
about 0.8m above the nominal base of 
the Bald Hill Claystone, suspended 
particles in the water can be seen 
moving into a set of horizontal fractures 
consistent with flow out of the borehole 
and into the strata at this location.   

Figure 6 shows a photograph of this 
fracture.  The direction of flow observed 

through the movement of suspended 
particles is indicated. 

 

Some hints of outflow flow were also 
apparent at the time of the camera run 
at depths of 209.7m, 209.9m, and 
213.1m in the upper part of the 
Colo Vale Sandstone. 

3.6. Acoustic scanner log 

The acoustic scanner log was run in 
TBF040C.  This log allows features that 
are evident in the borehole camera log 
to be corrected for depth and accurately 
aligned.   

A histogram of the joint/fracture 
frequency and dip based on the 
acoustic scanner logs is shown in 
Figure 3.  A trend of increasing fracture 
frequency with depth is evident. The 
fracture dips are generally less than 20° 
except in the Newport/Garie Formation, 
Bald Hill Claystone, and upper part of 
the Colo Vale Sandstone.     

3.7. Piezometer monitoring 

Seven, fully grouted, vibrating wire 
piezometers were installed into 
TBF040C on 31 January 2014 at the 
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depths shown in Figure 3.  The HWT 
casing to 74m was withdrawn prior to 
installation of these piezometers, but a 
7m long HQ core barrel remained 
lodged at the bottom of the hole.   

The hydraulic pressure profile observed 
on the piezometers a week after 
installation on 6 February 2014 and 
again a month later on 3 March 2014 
are shown in Figure 7.  A spot check 
was made approximately two years later 
and this check confirmed there had 
been no further change. 

The top four piezometers indicate a 
hydrostatic pressure profile consistent 
with a groundwater level at 38.8m below 
surface (RL245.6m).  

4. Interpretation of results 

The interpretation presented here is 
based on the observations at this site 
but guided by observations the author 
has made elsewhere in similar 
investigations.  Figure 7 presents an 
overview of the observations and the 
zones of deformation interpreted from 
these various observations.  

4.1. Shape of deformation zones 

Extensometer monitoring reported by 
Mills and O’Grady (1998) indicates that 
the zone of large downward movement 
above individual longwall panels is arch-
shaped.  Subsidence data from a wide 
variety of sites supports this 
interpretation.  Subsidence data also 
indicates that this arch may be biased 
slightly to one side of the panel 
depending on relative orientations of the 
longwall retreat direction and the in situ 
horizontal stresses, much as 

deformation in underground roadways is 
typically biased to one side or other of 
the roadway (Mills 2011).   

The arch shaped zones above each 
panel are predominantly zones where 
the strata is stretched as a result of 
downward movement and increased in 
volume by fractures.  When several 
panels are mined adjacent to one 
another, the ground between the arch-
shaped stretching zones above each 
panel comprise essentially undisturbed 
strata that is subject to predominantly 
compressive loading.  This alternating 
pattern of stretching and compression 
zones is described and illustrated in 
Mills (2012).   

An investigation such as the one 
conducted in this study is focused on 
the centre of the panel and thereby at 
the highest point of the arch.  To either 
side of the centre, the height of strata 
subject to stretching and increased 
hydraulic conductivity is less.  Over the 
chain pillars where the ground is subject 
to vertical compression, stretching is 
completely absent. 

4.2. Groundwater levels 

The groundwater level indicated by the 
standing water level in the open hole 
was RL243.5m.  The vibrating wire 
piezometers indicate a standing water 
level at RL245.3m.  Both observations 
are consistent with the RL244m 
estimate of water level in the 
Hawkesbury Sandstone based on 
observations across the broad area of 
Tahmoor Mine where water level 
information is available for over 5km in 
each direction. 
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The results of the investigation drilling 
above the centre of Longwall 10A at 
Tahmoor Mine indicate that the 
Hawkesbury Sandstone is hydraulically 
connected through its full section and 
the groundwater profile within the 
Hawkesbury Sandstone at this location 
is hydrostatic.   

This hydrostatic profile is interpreted as 
indicating the presence of: 

• a less vertically conductive unit 
deeper down in the overburden 
section 

• sufficient vertical recharge available 
to offset any downward flow 

• and a vertical flow gradient that is 
small relative to the hydraulic 
conductivity of the strata. 

This result indicates that the 
groundwater in the vicinity of TBF040 
was drawn down by about 2m when the 
borehole was open and free to drain 
downward into the formation but is no 
longer drawn down below regional 
levels once the borehole was grouted 
and no longer acted as a conduit to 
vertical flow.  

These observations indicate that two 
decades after mining Longwall 10A and 
adjacent panels, the groundwater level 
is not significantly drawn below regional 
levels.  They also indicate that the 
ground water level is maintained by a 
zone with a low vertical hydraulic 
conductivity in the transition zone that at 
this site is located between the Bald Hill 
Claystone and the Colo Vale 
Sandstone. 

4.3. Mining induced fractures  

The borehole camera survey and 
acoustic scanner log indicate numerous 
open joints/fractures, the frequency of 
which generally increases downward 
toward the mining horizon.  High angle 
fractures are evident to a height above 
the mining horizon approximately equal 
to the panel width.  Opening of 
horizontal fractures is evident to a 
height above the mining horizon equal 
to approximately 1.5 times the extracted 
panel width. 

High angle joints/fractures start to 
become evident in the Newport/Garie 
Formation, the Bald Hill Claystone, and 
the upper part of the Colo Vale 
Sandstone at a height equivalent to 
about the longwall panel width.  This 
observation is consistent with 
experience at other sites for holes drilled 
directly above the centre of extracted 
panels.  Reynolds (1977) reported 
similar experience for a narrower panel. 

High angle joints are commonly 
observed in the Bald Hill Claystone in 
areas remote from mining.  These joints 
are considered to be primarily natural 
and naturally abundant.  It is possible 
that they may have been opened further 
by ground movements associated with 
mining, but this additional opening is 
incidental to the relatively high hydraulic 
conductivity they routinely exhibit in their 
natural state. 

Some of the open horizontal fractures 
observed in the borehole camera logs, 
particularly from the lower part of the 
Hawkesbury Sandstone are considered 
likely to be mining induced.  The 
borehole camera survey, acoustic 
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scanner log and experience of water 
loss during drilling indicate that open 
horizontal fractures extend to a height of 
about 300-350m above the seam (70-
120m depth below surface) and their 
frequency increases with proximity to 
the coal seam.  

4.4. Borehole breakout 

The presence of borehole breakout in at 
depths of 76-79m, approximately 340m 
above the mining horizon, indicates that 
the horizontal stresses are locally 
concentrated at this horizon 
approximately 1.45 times the panel 
width above the mining horizon.  The 
increase in horizontal stress at this 
horizon is interpreted as providing an 
indication of the height of the zone of 
mining induced fractures above the 
goaf.   

Borehole breakout at 76-79m depth is 
consistent with stress concentration at 
the top of the zone of bedding plane 
separation referred to in Mills (2012) as 
extending from 1.4 to 1.7 times panel 
width.   

4.5. Rock failure processes 

Observations of surface subsidence 
profiles clearly show the influence of 
horizontal stress on the magnitude of 
subsidence and by implication the 
processes that cause subsidence (Mills 
2012).   

The processes that cause subsidence 
show many similarities to the processes 
that cause roof failure in underground 
roadways.  There is evidence of biased 
behaviour (Tobin 1998, Mills 2011) and 
elevated subsidence at longwall start up 

when the horizontal stresses within the 
overburden strata are undisturbed and 
at their greatest magnitude.   

Once the overburden strata fails in 
horizontal compression, it moves down 
under the action of gravity thereby 
opening fractures.  A consequence of 
this failure process is that the horizontal 
stress levels within the failed rock are 
reduced in magnitude.  Above the top of 
the zone of fracture formation, the 
horizontal stresses are concentrated in 
the zone where the rock is yet to fail in 
horizontal compression.   

Rock failure is commonly evident as 
inclined shear fracturing within the zone 
of large downward movement that 
extends up from the mining horizon to a 
height about equal to the panel width.  
This observation of borehole breakout 
indicates that the zone of bedding plane 
separation that extends from about one 
times the panel width to 1.4-1.7 times 
panel width also involves rock failure 
and not just elastic sagging down of the 
intact strata with separation on bedding.   

Axial splitting of the rock fabric is 
recognised as a failure mode at low 
confining pressures during the transition 
from elastic behaviour to conventional 
shear failure (Diederichs et al 2004).   

The zone of bedding plane separation 
referred to by Mills (2012) observed 
between the zone of large downward 
movement (shear failure) and the zone 
of elastic relaxation (no failure) is 
consistent with axial splitting failure. 

An attempt was made to measure the in 
situ stress profile as part of the 
monitoring program at this site.  
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Unfortunately the development of the 
specialist techniques required was not 
at the stage it is now and successful 
measurements were not possible.  

Two other zones of borehole breakout 
at 196.7m and 226.9m depth are very 
short in vertical extent.  These zones 
are interpreted to have occurred where 
blocks of intact strata are in point 
contact and the contact stresses are 
elevated as a result.  

4.6. Elastic ground behaviour 

The surface subsidence profile that was 
measured over Longwall 10A and the 
adjacent panels is shown in Figure 2.  
This profile indicates that elastic strata 
compression above and below the chain 
pillars, as described in Mills (1998), is 
300mm on one side of the panel and 
400mm on the other side of the panel 
leading to 350mm in the centre of the 
panel.   

The approximately 440mm of maximum 
subsidence observed in the centre of 
Longwall 10A implies sag subsidence of 
approximately 90mm.   

For a nominal extraction height of 
2.25m, 90mm of sag subsidence is 
equivalent to approximately 0.04 times 
extracted seam thickness.   

The upper part of the overburden strata 
is inferred from subsidence observations 
to be able to accommodate up to 0.10 
times the extracted mining height within 
the elastic range i.e. without strata 
failure.  The subsidence data indicates 
that the overburden strata above 
Longwall 10A is still within the elastic 
range near the surface. 

4.7. Fracture flow generally 

There are a number of observations of 
fluid flow within the fracture network that 
provide insight into the nature of 
groundwater disturbance caused by 
mining induced ground movements. 

The water loss zones were 
predominantly in heavily jointed 
/fractured areas within the Hawkesbury 
Sandstone but also in the top of the 
Colo Vale Sandstone, most notably at 
195.8m depth.  Only the zones within 
the Colo Vale Sandstone are clearly 
connected to the mining horizon.  The 
other zones are considered to be a 
result of mining induced disturbance 
because the hydraulic conductivity is 
higher than in adjacent areas remote 
from mining activity, but the higher 
conductivity is thought to be a result of 
the predominantly horizontal fracturing.   

4.8. Vertical fracture flow 

The camera surveys in TBF040C 
provide an observation that is significant 
in terms of confirming a number of 
hypotheses. 

Water, and the fine particulate material 
carried within it, was observed during 
the borehole camera survey in 
TBC040C to be flowing out of the 
borehole into an open fracture at a 
depth of 195.8m.  This horizon is at the 
bottom of the Bald Hill Claystone in the 
transition through to the top of the 
Colo Vale Sandstone. 

This observation begs the question of 
where this water could be flowing to.  It 
is possible that there may be a flow 
pathway laterally from the hole to some 
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outcrop of the Colo Vale Sandstone but 
the horizontal distance to nearest 
outcrop of the Colo Vale Sandstone is 
some 30-40km and much further than 
the vertical proximity to the 
depressurised fracture network 
indicated by the piezometer 
measurements some 30m directly 
below.  The only credible pathway for 
this flow to be occurring is downward 
into the mine via a tortuous mining 
induced fracture network.  

The 195.8m deep horizon into which 
flow was observed to leave the borehole 
is consistent with the point at which the 
piezometric pressure gradient begins to 
be drawn down below hydrostatic.  

The implication of this coincidence is 
that the outflow horizon is the first 
location vertically down from the surface 
where there is clearly a pathway 
downward through the fracture network 
into the mine.   

The highest point where downward flow 
is evident (i.e. at 196.8m depth) is 
approximately 222m above the mining 
horizon.  This point is a distance of 0.94 
times the Longwall 10A panel width 
above the mining horizon.   

This observation is consistent with the 
inference based on surface subsidence 
monitoring (Mills 2012) and 
extensometer monitoring (Mills and 
O’Grady 1998) that the height of large 
downward movement and angled shear 
fracturing extends vertically to a 
distance above the mining horizon equal 
to about one panel width.  The angled 
shear fracturing provides a vertical 
pathway for flow downward into the 
mine from this point. 

Significantly, the pathway is sufficiently 
tortuous that it cannot occur under the 
action of gravity alone and requires 
additional pressure to maintain a 
perceptible flow rate.  At 195.8m deep, 
almost 2MPa of water pressure is 
required to force water through the 
tortuous fracture network at a rate which 
is estimated to from the video footage to 
be less than 1 litre per second.  The flow 
is able to be recharged from the 
Hawkesbury Sandstone with drawdown 
of only 2m while the borehole is open. 

The pathways for vertical flow appear 
much more limited within the zone of 
predominantly horizontal fracturing at a 
distance above the mining horizon of 
above 0.94 times panel width.  There 
may also be a coincidence at this site 
with some naturally less vertically 
conductive horizons in the transition 
between the Bald Hill Claystone and the 
Colo Vale Sandstone.    

The observation of water flowing out of 
the borehole at a height above the 
mining horizon just less than the panel 
width is significant because it confirms, 
at this site, the height above the mining 
horizon where fracturing that is vertically 
connected to the mine first shows signs 
of perceptible downward flow.   

Above this horizon, there are numerous 
fractures evident and many of these are 
likely to be mining induced, but these 
fractures are either not so well 
connected vertically, consistent with the 
inference that fracture formation occurs 
in a predominantly horizontal direction 
above this level, or there is not sufficient 
hydraulic gradient to drive flow out of 
the borehole because there is at least 
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one horizon near the base where 
vertical flow is restricted sufficiently to 
be inconsequential.   

At the TBF040 site, the base of the Bald 
Hill Claystone is approximately 
coincident with the point at which first 
perceptible connection between the 
borehole and the mine is observed.   
The base of the contiguous Bald Hill 
Claystone is located at 193m deep.  
There is a transition zone of several 
metres where inter-fingering occurs with 
the Colo Vale Sandstone.  The core 
logging indicates that this transition 
finishes at about 196.7m deep.   

The inference of these observations is 
that the transition between the Bald Hill 
Claystone and the Colo Vale Sandstone 
has acted as an aquitard to support 
hydrostatic groundwater pressure in the 
Hawkesbury Sandstone, the Newport / 
Garie Formation and the Bald Hill 
Claystone itself.  

The Bald Hill Claystone is clearly not the 
aquitard. If it were, the piezometric 
pressure in the piezometers at 205m, 
220m and 226m would be close to zero.   

The fracture network through the next 
20m of Colo Vale Sandstone remains 
sufficiently tortuous to prop up the 
groundwater so that it is only slightly 
drawn down below hydrostatic.   

Below 195.8m deep, the fracture 
frequency increases and the piezometric 
pressure profile indicates that these 
fractures are more vertically connected 
to the mine at a rate that increases with 
depth.  When the recharge flow is 
restricted by grouting up the hole, the 
piezometers detect the downward flow 

as drawdown of the piezometric profile 
below hydrostatic.  There is still 
sufficient vertical flow at 190m below 
surface to maintain hydrostatic pressure 
within the groundwater, but further 
down, the increasing frequency of 
fractures and the likelihood that these 
are more open and more vertically 
connected nearer to the mining horizon 
means that downward flow eventually 
exceeds the rate at which recharge flow 
can keep up and the piezometric 
pressure drops to zero. 

The available piezometer monitoring 
indicates that equilibrium groundwater 
pressures have been maintained for at 
least several years after the instruments 
were installed and most likely over the 
past two decades since mining finished 
in 1992. 

4.9. Height of depressurisation 

The height of full depressurisation is a 
convenient concept for groundwater 
modelling purposes because it provides 
a bridge between the geomechanical 
disturbance caused by mining and a 
zero pressure horizon for the 
groundwater that can be incorporated 
into hydrogeological models.   

Measurements indicate the height of 
depressurisation is about 140m above 
the mining horizon at the Longwall 10A 
site (allowing for hydraulic connection 
past the core barrel lodged in the hole). 

Tammetta (2012) presents an empirical 
method for determining the height of 
complete depressurisation above a 
longwall panel based on observations 
from worldwide experience available in 
the public domain at that time.  This 

Proceedings of the 10th Triennial Conference on Mine Subsidence, 2017 63



 

 

database does not include the results 
from this site.  The Tammetta approach 
indicates that for a 235m wide panel at 
420m deep, extraction of a 2.25m seam 
would cause complete depressurisation 
to 147 ± 25m above the mining horizon 
(i.e. 273m below surface).   

The Tammetta (2012) approach 
therefore provides a very satisfactory 
estimate of the 140m height of 
depressurisation observed at this site.   

5. Conclusions 

Field measurements were successfully 
made to investigate the interaction of 
mining induced ground movements and 
groundwater in a steady state 
environment some two decades after 
mining was complete. 

These measurements demonstrate that 
there are a number of zones of mining 
induced fracturing directly above each 
longwall panel that correlate closely with 
the three zones described by Mills 
(2012):  

• A vertically connected zone of shear 
fracturing and large downward 
movement extends to a height above 
the mining horizon equal to about 
one panel width (0.95-1.05 at this 
site).   

• A horizontally connected zone of 
bedding plane separation extends 
from a height of 1.0 times panel 
width to a height of about 1.4-1.7 
times the panel width (1.45 at this 
site). 

• A zone of elastic strata relaxation 
extends from 1.4-1.7 times panel 

width to a height of about 3.0 times 
panel width (>1.8 at this site). 

• A zone of perceptible downward flow 
is evident within the zone of large 
downward displacement to a height 
above the mining horizon equal to 
about the panel width (0.95 at this 
site). 

• A zone of zero pore pressure. The 
height of depressurisation observed 
at this site is consistent with the 
height of depressurisation estimated 
using the approach outlined by 
Tammetta (2012). 
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