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Synopsis

Following the Coalbrook disaster in 1960, research into coal pillar
strength resulted in the adoption of the concept of a safety factor for
the design of stable pillars in South African coal mining.

At the time when the original statistical analysis was performed
by Salamon and Munro in the early 1960s, 27 cases of failed pillar
workings were considered suitable for inclusion in the database of
failed pillars. Pillar failure did not stop after the introduction of the
safety factor formula by Salamon and Munro (1967). In the ensuing
years, pillars that were created before the application of the formula
deteriorated and later failed, as did ones that were created after the
introduction of the formula. This means that over time, the database
of failed pillar cases increased in size, allowing ever more reliable
analyses to be performed.

The number of failed cases in the database had grown from the
original 27 in the 1960s to 86 by 2011. All the failed cases are
contained in the updated database. The database of stable pillars,
which is also used in the derivation of strength formulae, has now
been extended from 125 to 337 cases.

The new database of intact pillar cases is more complete as it
bridges the time gap between the Salamon and Munro (1967) and the
Van der Merwe (2006) databases. The original requirements for
inclusion into the database were satisfied in the compilation of this
latest collection.

The characteristics of the original database of intact pillars did
not change in a meaningful way. The mining depth and pillar
dimensions of the new database are largely as they were in the
original database.

Time-related trends with regard to pillar dimensions and depth of
mining could not be found, indicating that the geometrical parameters
of coal mining in South Africa have not changed meaningfully in
approximately a century of mining.

The characteristics of cases in the updated database of failed
pillars does not differ substantially from the one published by Van
der Merwe (2006). The same difference between that database and
the original Salamon and Munro database, namely that the average
safety factor of the failed cases had increased dramatically, from 1.0
to 1.5, is still apparent. This may be due to the inclusion of more
failures from specific areas that exhibit a disproportionate number of
failures at higher safety factors. These areas are the Vaal Basin, Klip
River, and Free State coalfields.

The new database confirms yet again that there is no correlation
between the safety factors of failed pillars and their time of failure.
The safety factor on its own is thus not a reliable predictor of long-
term stability of pillars.
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Introduction

Following the Coalbrook disaster in 1960,
research into coal pillar strength resulted in the
adoption of the concept of a safety factor for
the design of stable pillars in South African
coal mining.

The pioneers in this field were M.D.G.
Salamon and A.H. Munro (1967), who
preferred to use statistical back-analysis of
failed and intact pillars to determine the pillar
strength, and Z.T. Bieniawski, whose attempt
was based on the direct strength determination
of coal pillars using specimens of various
sizes.

At the time when the original statistical
analysis was performed, 27 cases of failed
pillar workings were considered suitable for
inclusion in the database of failed pillars. The
main criteria for inclusion were that there had
to be reasonable certainty that the pillars
themselves had failed (not the roof or the
floor), that the panel width had to be at least
equal to the depth of mining, and that the
pillar layout had to be reasonably consistent.

The pillar load in the original work by
Salamon and Munro (1967) was assumed to
be the tributary area load, based on the
concept that each individual pillar is
responsible for bearing its full share of the
overburden load. While this simplified
approach ignores a number of factors that
actually reduce the real load on pillars, such as
the stiffness and bridging capability of the
overburden and the existence of interpanel
pillars, it remains a simple and acceptable
method of calculating pillar load provided that
the pillars have more or less the same size, are
equally spaced, and that the panel is at least as
wide as the depth of mining.
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Pillar failure did not stop after the introduction of the
safety factor formula by Salamon and Munro (1967). In the
ensuing years, pillars that were created before the application
of the formula deteriorated and later failed, as did ones that
were created after the introduction of the formula. This
means that over time, the database of failed pillar cases did
not remain constant, but that it increased in size, allowing
ever more reliable analyses to be performed.

Researchers are duty-bound to review any result based
on empirical procedures as time goes by and as the data
changes. It is granted that the implementation of frequent
changes that contribute only marginally to accuracy does
more harm than good by introducing an element of
uncertainty, but it remains imperative to perform the review
from time to time.

There have been updates in South Africa on a number of
occasions, and this latest review should be seen as another
step in the attempt to refine the original work, which was
done more than 40 years ago.

The first step in the re-analysis was to compile a new
database containing the latest failures that satisfy the
selection criteria. A new, extended database of stable pillars
was also compiled to enable the analysis to include determi-
nation of failure probability.

General description

Since the most frequent approach to determining pillar
strength was to observe the geometries of failed and stable
pillars, a comprehensive database of coal pillars was
generated in South Africa over time. It originated from the
work of Salamon and Munro (1967), but was updated and
extended by several researchers in the following decades.
Van der Merwe (2006) published and discussed a later
version of the coal pillar database.

It should be noted that the various entries (i.e. ‘cases’) in
the database do not refer to observations on single pillars. A
case always represents a significantly large group of pillars in
bord and pillar workings that either collapsed or remained
intact. The recorded geometries of failed and intact cases are
derived from averaging the observed characteristics within
these pillar groups.

It can be assumed that nearly all cases of pillar failure up
to 2006 were registered in the database. The database
indicates that the majority of failures in coalfields of ‘normal
coal strength’ occurred at safety factors between 0.7<SF<1.6.
Significantly less frequent failures could be observed with
higher safety factors.

Unlike the failed pillar database, the database of stable
cases stores only a limited number of samples from the entire
population. The composition of this database is of critical
importance, since for any statistical analysis it is desirable
that the database resembles the characteristics of the entire
population of stable pillars as closely as possible.

The intact pillar samples were taken from different time
intervals of coal mining and from different coalfields in South
Africa. The majority of samples come from the Witbank
coalfield, as this is the area where the main coal mining
activities take place. The intact samples cover a wide range of
safety factors between 0.9<SF<10.0 with a mean value of
2.39, which is significantly higher than the mean value of the
failures in normal coal areas (SF=1). Nevertheless both
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databases exhibit overlapping information for a safety factor
range of about 0.9<SF<1.6 (the less frequent failures in the
known weak coal areas with large safety factors are ignored
here).

This overlap indicates the safety factor interval in which
pillar design takes place and neither pillar collapse nor
stability can be predicted with a satisfying degree of
reliability. A comparison of the number of failed to the
number of stable cases in this interval is required to
determine the probability of failure, which in return can
assist in pillar design decisions.

So far only 20% of all registered intact pillar samples
have safety factors in this range of focus. It requires a careful
examination to decide if this number can be taken as
representative for the entire population of stable pillars or if
refinement is needed.

It seems reasonable to suppose that a certain number of
stable pillars with low safety factors have not been detected
so far. One can imagine that in collieries that operated in the
first half of the 20th century, pillar design was based on trial
and error rather than on scientific knowledge. The influence
of safety requirements on pillar design was not as strong as it
is today. Both arguments speak for the assumption that
groups of small pillars might be found on maps from
historical mines. The update of the stable database therefore
started with extensive research at the archives of the mining
authority, the Department of Mineral Resources (DMR).

Database of intact pillars

A visual inspection of mine plans from about 170 abandoned
collieries was carried out at the archives of the DMR in
Pretoria.

The available data covers roughly 100 years of bord and
pillar mining activities in South Africa, starting in the late
19th century, while the majority of information comes from
abandoned coal mines that operated between the 1930s and
1970s.

The criteria for the inclusion of mine plans in the
database were as follows:

» Completeness of information—As the investigation
aims on a back-calculation of pillar safety factors, at
least one data point on each mining depth below
surface and mining height had to be available. A
greater density of information was preferred. Pillar
width and bord width can generally be obtained from
measurements of the mapped pillar geometries

» Scale of plan—For accuracy reasons it was decided that
only plans with a scale of 1:1500 or higher could be
included in the investigation

» General accuracy of mapping—It is essential for a
reliable back-calculation of safety factors that the
mapped pillar geometries reflect the 'as-mined’ pillar
shape as accurately as possible

» Panel width—The panel width had to be at least equal
to the mining depth.

General observations

It was found that only 48 maps from 11 closed mines provide
the relevant information with the accuracy required by the
given assessment criteria.
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The entire set of mine maps from the first half of the 20th
century had to be excluded from further analysis due to the
fact that the completeness of information criterion was not
satisfied. This circumstance deserves a certain explanation,
and therefore an outline of how the essential pillar and
mining geometries have to be derived from maps is
necessary.

Surface contours are a random occurrence on maps from
the first half of the 20th century, and were found more
frequently only on maps from the late 1960s onwards.
However this lack of information can be compensated in
some cases by information provided by mapped exploration
boreholes, where usually the borehole collar and seam
intersections (roof and floor) elevations are indicated. The
great majority of South African coal deposits are generally
flat lying, as is the land surface in the coal mining areas.
Hence these single information points can be regarded as
acceptable for interpolating a sufficiently accurate mining
depth below surface for pillars located between them.

A bigger challenge was thus to find reliable values for
mining heights in the underground workings. This
information can be derived only from mapped survey pegs,
where roof and floor elevations are usually measured.
However it was found that the available data from the first
half of the 20th century indicated only the working roof
elevations, if that. Consequently nearly all the data from this
time period had to be rejected due to a lack of mining height
information.

Another problem concerning the general accuracy of
available information from old maps has to be addressed in
this context as well, i.e. that in many cases pillar geometries
are not mapped ‘as-mined’ but as idealized square pillars.
The absence of survey pegs in the vicinity of those pillars
would also indicate that they were not properly surveyed.
Due to the delicate relationship between pillar size and pillar
stability it was thus decided to exclude those cases from
further investigations.

The general observation on the layouts of panels from the
early decades of coal mining was such that no tendency
towards a higher extraction ratio and smaller pillars could be
detected. However, it might be reasonably assumed that
mining in the early stages was focused on convenience rather
than on stability.

This view might find valid support in the findings of the
Petrick Commission of Inquiry (Lang, 1995), which was set
up by the South African government in 1970 to investigate
the national coal resources. In its final report from 1976 the
commission declared that usage of coal deposits had been
inefficient and wasteful so far. This statement certainly refers
to the predominant application of the bord and pillar mining
method and selective mining of only coal seams or horizons
within thicker seams with highly favourable geological
conditions and qualities. But it was also found that the
general percentage of coal mined in situ at most of South
African collieries was low - in some extreme cases amounting
less than 10%.

Description of the selected mine maps

The oldest mining maps that were considered to be suitable
for the derivation of intact coal pillar cases come from a
colliery that operated in the 1950s. The majority of the

The Journal of The Southern African Institute of Mining and Metallurgy

selected 11 mines operated in the 1960s and 1970s. While it
was not possible to include cases from the early decades of
coal mining in South Affrica in the investigation, the selected
data set at least allows the improvement of the consistency of
the overall intact pillar database, as it closes the time gap
between the samples collected by Salamon (pre-1960) and
other researchers’ data (majority of pillars mined post-1980).

The scale for mapping was generally found to be 1 in
1500. Until the 1970s English feet were used as units for
coordinates and elevations. The latter are expressed in feet
below an imaginary datum plane, which was usually set at
6000 English feet above mean sea level.

Since the enactment of the National Measuring Standards
Act No. 76 of 1973, all units were metricated and elevations
are now expressed in metres above mean sea level. In a
transitional period of about 5 years, both old and new units
are found on maps.

Data preparation and sampling

In order to analyse the mapped pillar geometries as accurately
as possible, the selected 48 maps were professionally
reproduced by photographic techniques. The resulting high-
resolution raster images were brought into a geographic
information system (ArcGIS® from ESRI), where geometrical
distortions —due mainly to the central projection of the
reproduction camera - could be compensated by adjusting the
coordinate grid points digitally on the map. The geo-
referenced maps then formed the basis for the sampling of
intact pillar cases.

The pillar dimensions for each selected sample area were
determined by digitizing about 50 pillars in the selected
panels. Care was taken that the areal extent of the sample
area was at least equal to the mining depth.

The average effective square pillar width (w,) was
determined according to the Wagner (1980) formula from the
pillar’s cross-sectional area (A,) and circumference (C):

w =t [
cC

The mining height in the relevant area was read from the
map and averaged in those cases where more than one value
was available.

The mining depth below surface was either derived from
surface contours in conjunction with underground survey
pegs or directly from registered borehole elevations. In case
of the latter it had to be assumed that the recorded seam
thickness equals approximately the mining height of the
underground operations, which is believed to be realistic in
cases where the seam thickness does not exceed 3 m.

The average bord width in the sample area was measured
along 6 rows of pillars, each three in opposing directions, as
demonstrated in Figure 1.

The bord width is calculated according to Equation [2]:

1 , 6 Li 2
B=(g*2z=1ﬁ)—we [21

where Li is the measured distance between the centres of
pillars at the beginning and end of a row, n; is the number of
pillars within a row, and w, is the average effective pillar
square width for the investigated area.
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Figure 1—Scheme for measuring the bord width from mine maps

To avoid an unbalanced data acquisition a minimum
distance of 500 m was chosen between the sample areas.
This distance may account for changes in geological and
mining conditions in the production areas.

For the identification of samples the name of the colliery,
the coalfield, and the seam in which the operation took place,
as well as a representative coordinate from the sample area,
were recorded. The panel span, given as the minimum
distance between barrier pillars or the abutment surrounding
the panel, was taken as a very rough indication for the
applicability of tributary area loading on pillars.

A catalogue was compiled in Excel® for the sampled
cases. In addition to the abovenamed characteristics a picture
detail of the digital map, showing the investigated area, was
included.

A critical aspect concerning the acquisition of stable cases
from old mine maps was the validation of the data, i.e. the
proof that the chosen cases are indeed still intact. The only
practical means of proving the stability of the abandoned
workings was to examine aerial photos of the land surface
above the excavated areas and to check for possible distur-
bances that might indicate a collapse of the void underneath.
As only a small number of intact cases from the old maps
were added to the database, this situation did not arise often.

Data comparison

A total of 64 samples of stable cases could be derived from
the review of historical mine maps. The updated database of
stable pillars now comprises 337 cases in total and stores
bord and pillar mining dimensions from about 80 years of
coal mining in South Africa. The characteristics of the old
database have been already discussed in full detail by Van
der Merwe (2006). The following descriptions should thus
focus on the characteristics of the newly sampled cases and
their impact on the total databases. It should also be kept in
mind that the new samples come mostly from a different
period of mining, namely from the 1960s and 1970s.The vast
majority of cases in the old database come from the investi-
gation of Salamon and Munro (pre-1960) and other research
(post-1980).

In the following discussion the characteristic dimensions
(pillar width, mining height, bord width, depth of mining) of
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the observed pillars will be displayed in frequency diagrams.
In order to simplify the comparison between the old and new
data, all observed frequencies are normalized against the
total number of observations in the relevant group and
expressed as a percentage. The database was also checked for
possible correlations between the characteristics. The newly
sampled cases are shown in blue colour, while for the old
database orange is used. The characteristics for the combined
database are displayed in green colour.

Mining depth

The average statistical depth of mining in South Africa is
about 80 m below surface, while the vast majority of newly
added samples come from shallower operations of up to 20 m
below surface. The normalized frequency distribution of the
depth of mining of the stable cases is presented in Figure 2.

Bearing in mind that the new samples come from a
different period of mining than the rest of the database, the
question was considered whether a connection would exist
between the date of mining and the depth of mining
activities. However, a statistical link could not be established
- the correlation is less than 1%. This finding may be
somewhat surprising, since one could have imagined that
mining activities in South Africa started at easily accessible
deposits near surface and then descended to deeper deposits.
It should be kept in mind that the available statistic refers
only to a limited number of observations (337) on mining
characteristics in South Africa, which may not be suitable for
detecting every trend that possibly exists.

Pillar width

The average pillar width in the combined database is about
10.5 m. For the new cases it can be expected that the width is
smaller than the overall mean value, since the new cases are
derived almost exclusively from mining operations at shallow
depth, and pillar width is expected to increase with increasing
mining depth for stability reasons. This expectation is
confirmed by the normalized frequency distribution in
Figure 3.

A weak but existing correlation between pillar width and
mining depth of about 60% was found in the database of
intact pillars.
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Figure 2—Normalized frequency distribution of the mining depth of
intact pillar samples
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Figure 3—Normalized frequency distribution of the pillar width of intact
pillar samples

Bord width

Practically no change can be observed for the bord width. The
average value for the old database is approximately 6 m; the
average value for the new data is just slightly higher.
Consequently the combined database maintains its original
close, normally distributed scatter around the mean of 6 m.
The corresponding normalized frequency distributions are
given in Figure 4.

Mining height

The average mining height of the sampled pillars in the
combined intact database is about 3 m. The frequency distri-
bution of the new cases peaks at a lower value of 2 m, but
the average value is close to 3 m as well. The characteristics
of the mining heights in the different databases can be
obtained from Figure 5.

Distribution of safety factors

Safety factors of the cases in the stable database were
calculated using the original Salamon and Munro (1967)
formula. The frequency distribution of safety factors in the
old stable database has a mean value of SF = 2.4, but ranges
in a few cases up to SF = 10. The mean value of the new
cases is similar to the old database with SF = 2.6, but the
clustering of the distribution is narrower. The frequency
distribution of the combined database does not change its
characteristics significantly and maintains the shape of a
lognormal distribution (Figure 6).

Trends

The data was analysed in an attempt to identify trends
related to time and various other parameters.

Areal extraction ratio versus date of mining

A plot of the areal extraction ratio versus date of mining was
thought to give insight into matters of the mines’ resource
utilization throughout time. Possible time-dependent factors
influencing the coal recovery rate may include the available
mining technology as well as coal demand and prices at the
time. Other factors are geological conditions and safety
requirements.
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It should be noted that the exact mining dates for the
sampled cases from Salamon and Munro (1967) are not
known. However, it may be reasonably assumed that the date
of mining falls into a time interval between 1930 and 1958,
since the authors derived their cases from actively operating
collieries and closed the databases 5 years before they started
the analysis in the 1960s. Consequently, randomly computed
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Figure 4—Normalized frequency distribution of the bord width of intact
pillar samples
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Figure 5—Normalized frequency distribution of the mining height of
intact pillar samples
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Figure 6—Normalized frequency distribution of safety factors of intact
pillar samples according to the Salamon and Munro pillar strength
formula

VOLUME 113 NOVEMBER 2013 829 4



Update of coal pillar database for South African coal mining

mining dates between 1930 and 1958 could be assigned to
each of the Salamon and Munro cases for demonstration
purpose.

Figure 7 reveals a fairly large scatter of the sampled
extraction ratios in the range of 20% to 90%. However, a
somewhat surprising finding is that the average extraction
ratio throughout time is relatively consistent at about 60%.
Figure 7 also confirms the assumption that was expressed
earlier, i.e. that there is no evident tendency towards smaller
pillars and higher extractions in the earlier stages of coal
mining in South Africa.

Areal extraction versus depth of mining

It was mentioned earlier that the pillar width can be assumed
to be a function of the depth of mining, since it is obvious
that pillar sizes have to be enlarged when mining operations
approach greater depth and the overburden load increases.
Consequently it should be expected that the coal recovery rate
in a bord and pillar operation can also be considered as a
function of depth: the deeper the mining operations, the less
the extraction ratio. Figure 8 may confirm this general trend.
The correlation between the areal extraction ratio and the
mining depth is weak, but existing at about 0.55.

Safety factor versus date of mining

There has been an increase in pillar safety factors since the
publication of the Salamon and Munro (1967) strength
formula. The average safety factor of samples from pre-1967
is about SF = 2.0 (back-calculation with the Salamon and
Munro strength formula), while the average safety factor of
cases mined post-1967 was found to be significantly higher
with SF = 2.6. It can be seen in Figure 9 that some post-1980
cases exhibit very large safety factors with SF > 7, which was
the upper limit for cases from earlier decades. However, a
general correlation between safety factor and date of mining
could not be established.

Safety factor versus depth of mining

Figure 10 demonstrates that a wide scatter exists for the
applied safety factors at any depth interval. The majority of
safety factors have values greater than SF = 1.6, which is the
proposed design criterion according to Salamon and Munro
(1967). There is no correlation between the safety factor and

100
20

80 soard o %%
. S LS, T
€ 60 SR 3
5 s0 s @ ’
§ 40 i
= 30 Miningtek
22 salamon & Munro
10 + New cases
o "
1920 1940 1960 1980 2000 2020

Date of mining

Figure 7—Areal extraction ratio versus date of mining of intact pillar
samples
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the depth of mining . This finding is certainly not surprising,
since the safety factor formula already includes the depth of
mining in its calculation.

Database of failed pillars

The latest version of the database of failed pillars was
published by Van der Merwe (2006). An earlier database
could be sourced from a report on the development of seam-
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Figure 8—Areal extraction ratio versus depth of mining of intact pillar
samples
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Figure 10—Safety factors versus depth of mining of intact pillar
samples according to the Salamon and Munro pillar strength formula
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specific strength formulae by Salamon et a/. (2005). Both
databases store essentially the same information and differ
only in a few additional cases that the different researchers
included in their own investigations.

A new database was set up that included both the
common and the additional information of the two databases.
A further six cases of pillar failures at Vierfontein colliery
(Free State coalfield) were added from investigations of Van
der Merwe. Another failure at Kriel colliery (Highveld
coalfield) in 2007 was also included.

The data research at the DMR also revealed two
additional panel collapses that had not been captured by
earlier investigations of other researchers. They were spotted
on a mine map from Natal Cambrien colliery (Ballengeich
section), where the outline of the panel collapse was
indicated with a red-coloured boundary line. The failures
occurred in two different panels at a distance of about 350 m
from each other, close to the N11 highway south of
Newcastle. The shape of the indicated subsidence trough
could be roughly confirmed by aerial photos of the land
surface.

A safety factor back-calculation for both cases resulted in
SF = 1.04 and SF = 3.03 respectively. While the SF = 1.04
failure can be plausibly related to a collapse of pillars, the
other SF = 3.03 failure gave rise to concerns about the
mechanism behind the collapse. Out of caution it was then
decided to exclude this case from further investigations. The
updated database comprises 86 cases of pillar failure.

Data comparison

For the following descriptions the same conventions were
used as for the database of stable cases. The term ’'old
database’ will refer to only those cases that were common in
both the Van der Merwe (2006) and Salamon et al. (2005)
database. New cases comprise the additional information that
was stored in the two separate databases plus the newly
added failures from Vierfontein, Kriel, and Natal Cambrien
colliery. It will be seen that no significant changes in the
characteristic values of the database occurred due to the
inclusion of additional new cases. This circumstance is
certainly owed to the facts that the new cases comprise only
15% of the combined database, and that the new samples
cover roughly the same range of characteristic values as the
old database.

Mining depth

The observed cases of failed pillars range in depth between
20 m and 220 m, which is about the same depth that is
covered by samples in the database of stable pillars. The
highest concentration of failures can be observed at shallow
mining depths between 40 m and 80 m (Figure 11).

Pillar width

The frequency distribution of pillar width of the sampled
failed cases can be seen in Figure 12. The highest density is
found around the mean value of about 7 m for both the old
database and the new cases. No significant changes in the
distribution of the combined database can be observed.

Bord width
The frequency distribution of the reported bord width of
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failed cases is plotted in Figure 13. The mean value of the
distribution is just slightly higher than 6 m, and therefore
still very similar to the average bord width obtained from the
stable cases.

Mining height

The frequency distribution of mining heights, as shown in
Figure 14, peaks at a value of about 3 m but ranges up to
values slightly higher than 6 m. Again, no major shift in the
combined database can be observed.
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Figure 11—Normalized frequency distribution of the depth of mining of
failed pillar samples
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Figure 12—Normalized frequency distribution of the pillar width of failed
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Figure 14—Normalized frequency distribution of the mining height of
failed pillar samples

Safety factor

The distribution of safety factors (using the original Salamon
and Munro formula) is plotted in Figure 15.

It goes without saying that substantially smaller values
have to be expected for the failed cases than for the stable
cases.

The average safety factor of the updated database of
failed cases is SF = 1.53. Applying the same calculation to
only the failed cases that were sampled by Salamon and
Munro, however, results in a substantially lower and
desirable safety factor close to unity. The following
conclusions can be drawn from this observation.

The increase in the average safety factor indicates that
the average strength of pillars in the database was actually
weaker than predicted by the formula. This emphasizes the
need to update empirically derived formulae in regular time
steps in order to reflect the actual mining conditions as
accurately as possible. Furthermore, as the updated database
now comprises a greater variety of coalfields and seams, it
should also be concluded that the variety of geological
conditions in which mining operations take place has
increased since the investigations of Salamon and Munro. It
might therefore be reasonable to update the coal pillar
strength formula for certain groups of coalfields or seams.

Safety factor versus time to failure

It is well known from practice and research that coal pillars
tend to scale over time, thereby reducing their size and finally
reaching safety factors low enough for collapse to occur.
Scaling rates for the different South African coal seams were
determined by Van der Merwe (2003a, 2004) on an empirical
basis. Figure 16 shows an updated plot of safety factors
versus the time to failure of pillars. It should be noted that
not all failed cases from the database could be included in
this illustration due to a lack of information on the mining or
failure date. However, Figure 16 still demonstrates
reasonably well the major difference between the South
African coalfields. Failures in the Free State, Klip River, and
Vaal Basin occur at significantly higher safety factors and in
a shorter average time than in the other coalfields. Failures
from the latter are clustered closer around unity.

This finding emphasizes that a certain variety of
geological conditions and coal strength was captured within
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the database of failed cases. This circumstance will have to be
reconsidered when the updated databases are utilized for the
adjustment of coal pillar strength formulae.

Another important conclusion is that no statistical link
exists between the safety factor and the time to failure. In the
Witbank coalfield, for instance, where the largest portion of
failures occurred (and where the majority of coal mining
activities take place), the life span of pillars ranged between
zero and 55 years. This should be noted against the
background of the more or less homogenous safety factors of
that group, which do not display significantly different
values.

Conclusions

Pillar failures continue to occur, and as a result the data on
which to base empirical strength formulae becomes ever more
reliable. Researchers are duty-bound to review any empirical
conclusion from time to time as the databases change. The
original Salamon and Munro (1967) database of failed pillar
cases has now increased from 27 to 86, more than three-fold.

The new database of intact pillar cases is more complete
as it bridges the time gap between the Salamon and Munro
(1967) and the Van der Merwe (2006) databases. It now
contains 337 cases.
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Figure 15—Normalized frequency distribution of safety factors of failed
pillar samples according to the Salamon and Munro pillar strength
formula
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Figure 16—Safety factors versus time to failure of failed pillar samples
according to the Salamon and Munro pillar strength formula
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The original requirements for inclusion into the database
were satisfied in the compilation of this latest collection.

The characteristics of the original database of intact
pillars did not change in a meaningful way. The mining depth
and pillar dimensions of the new database are largely as they
were in the original database.

Time-related trends with regard to pillar dimensions and
depth of mining could not be found, indicating that the
geometrical parameters of coal mining in South Africa have
not changed meaningfully in approximately a century of
mining. It was also interesting to note that the average safety
factors of the stable cases prior to 1967 was around 2.0,
implying that in general, pillar design was safe even before
the implementation of the notion of a safety factor. There
were of course exceptions, such as the well known Coalbrook
Colliery that collapsed in 1960.

The updated database of failed pillars does not differ
substantially from the one published by Van der Merwe
(2006). The same difference between that database and the
original Salamon and Munro database, namely that the
average safety factor of the failed cases had increased
dramatically, from 1.0 to 1.5, is still apparent. This may be
due to the inclusion of more failures from specific areas that
exhibit a disproportionate number of failures at higher safety
factors. These areas are the Vaal Basin, Klip River, and Free
State coalfields.

The new database confirms yet again that there is no
correlation between the safety factors of failed pillars and

their time of failure. The safety factor on its own is thus not a
reliable predictor of long-term stability of pillars.
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Appendix A
Updated database of failed pillar cases
Case No | Colliery Seam Coalfield Depth (m) | Pillar width (m) | Bord width (m) | Mining height (m) | Date of mining | Date of collapse
s115 Union Ermelo Eastern 76.20 4.88 6.10 1.37 1937 1937
Dreyten Transvaal
n201 Vierfontein Main Free State 29.00 5.40 6.30 2.90 N/A N/A
n202 Vierfontein Main Free State 60.00 7.00 6.00 1.82 N/A N/A
n203 Vierfontein Main Free State 53.00 5.60 6.10 1.80 N/A N/A
n204 Vierfontein Main Free State 21.00 6.75 5.25 3.20 N/A N/A
n205 Vierfontein Main Free State 19.00 6.00 6.00 3.00 1975 1998
n206 Vierfontein Main Free State 23.00 6.00 6.00 2.90 1975 1975
n207 Vierfontein Main Free State 40.00 7.00 5.00 2.80 1979 1979
n208 Vierfontein Main Free State 42.00 4.50 5.50 2.00 N/A 1975
n209 Vierfontein Main Free State 50.00 7.00 5.00 2.30 N/A 1965
n210 Vierfontein Main Free State 55.00 7.00 5.00 2.20 1968 N/A
s126 Vierfontein Main Free State 87.80 6.10 6.10 1.98 1955 - 58 1959
n211 Kriel H4 Highveld 55.50 7.43 6.62 3.80 1981 2007
n212 Matla H4 Highveld 78.20 10.53 6.47 5.16 1980 2003
n213 Matla H4 Highveld 73.50 8.40 6.60 3.65 1981 2002
n175 Springlake Bottom Klip River 70.00 7.50 5.00 1.80 1987 1995
n176 Springlake Bottom Klip River 63.50 7.50 5.00 2.10 1988 1991
n177 Springlake Bottom Klip River 61.00 6.00 5.00 1.90 1995 1995
n178 Springlake Bottom Klip River 61.00 7.50 5.00 1.90 1995 1995
n179 Ballengeigh | Top-Bottom | Klip River 74.00 10.00 5.00 4.00 1986 1986
n197 Springlake Bottom Klip River 74.00 7.70 4.80 2.00 2001 2001
n214 Natal Main KwaZulu - 57.66 5.30 5.66 2.89 1970 N/A
Cambrien Natal
Ballengeich
m168 Springfield Main South Rand | 165.70 15.00 5.00 5.94 1966 1970
m169 Springfield Main South Rand | 195.00 17.00 6.00 4.88 1972 1980
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Appendix A (continued)
Updated database of failed pillar cases
Case No | Colliery Seam Coalfield Depth (m) | Pillar width (m) | Bord width (m) | Mining height (m) | Date of mining | Date of collapse
m170 Springfield Main South Rand 205.00 17.00 6.00 5.88 1967 1980
s122 Springfield Main South Rand 167.60 15.85 5.49 5.49 1954 - 58 1961
s66 Springfield Main South Rand 193.20 15.85 5.49 5.49 1954 1957
s67 Springfield Main South Rand 184.70 15.85 5.49 5.49 1955 1956
s19 Apex Springs | Springs-Witbank | 36.60 6.10 7.62 4.88 N/A N/A
s54 Welgedacht Springs | Springs-Witbank | 62.50 6.10 7.62 2.44 N/A 1917
n185 Umgala Alfred Utrecht 101.00 9.00 6.00 3.80 1972 1995
n186 Umgala Alfred Utrecht 100.00 8.50 6.50 3.30 1974 1981
n187 Umgala Alfred Utrecht 97.00 9.00 6.60 3.70 1973 1994
n188 Umgala Alfred Utrecht 51.50 6.00 6.00 3.90 1973 1991
m157 Sigma OFS2 Vaal Basin 112.00 10.55 6.45 2.82 1975-78 1980
m159 Sigma OFS2 Vaal Basin 108.00 10.55 6.48 3.18 1972 -75 1979
n180 Sigma OFS3 Vaal Basin 82.00 10.00 5.00 2.80 1987 1991
n181 Sigma OFS3 Vaal Basin 96.00 12.00 6.00 2.90 1982 1993
n182 Sigma OFS2b | Vaal Basin 70.00 12.50 5.50 2.90 1981 N/A
n183 Sigma OFS2b | Vaal Basin 88.00 11.00 6.00 2.90 N/A N/A
n184 Sigma OFS2a | Vaal Basin 112.00 11.50 5.50 2.90 1978 1979
n194 Sigma OFS2a | Vaal Basin 96.00 12.00 6.00 6.00 N/A 1991
n195 Sigma OFS3 Vaal Basin 82.00 12.00 6.00 3.00 N/A 1991
n196 Sigma OFS2a | Vaal Basin 104.00 12.00 6.00 3.00 1977 1991
n215 Cornelia OFS2 Vaal Basin 128.00 12.80 5.50 5.50 1957 1961
s120 Cornelia OFS1 Vaal Basin 128.00 9.75 5.49 3.66 1952 1953
s59 Cornelia OFS2 Vaal Basin 57.90 5.18 6.40 3.66 1961 1961
s60 Coalbrook OFS2 Vaal Basin 152.40 12.19 6.10 4.88 1960 1960
m148 New Largo W4 Witbank 28.50 3.80 5.80 2.70 1951 - 53 1968
m148a | New Largo W4 Witbank 34.00 3.50 6.70 2.70 1951 - 53 1968
m148b | New Largo W4 Witbank 34.00 3.50 6.70 2.70 1951 - 53 1971
m149 Koornfontein W2 Witbank 90.00 7.50 6.00 4.80 1958 - 59 1968
m150 Blesbok W5 Witbank 57.00 3.60 5.40 1.35 N/A 1969
m151 Tweefontein W2 Witbank 62.00 7.50 6.40 4.00 1931 1971
m162 Tweefontein W2 Witbank 62.00 7.30 6.20 4.00 1930 1982
m163 South W4 Witbank 56.00 5.10 6.50 3.30 1957 1976
Witbank
m164 Wolvekrans W2 Witbank 33.00 6.40 6.40 4.88 N/A 1983
m165 Springbok W5 Witbank 22.00 3.50 6.50 1.60 1982 1985
m166 Tweefontein W2 Witbank 62.00 6.10 6.10 4.00 1930 1976
m167 Tweefontein W2 Witbank 62.00 6.10 6.10 4.00 1930 1968
n171 Wolvekrans W2 Witbank 41.00 6.40 6.40 6.20 1944 1966
n172 Wolvekrans W2 Witbank 41.00 6.40 6.40 6.20 1944 1988
n173 Wolvekrans W2 Witbank 41.00 6.40 6.40 6.20 1944 1990
n174 Matla W5 Witbank 35.50 5.50 5.50 2.20 1981 1995
n198 New Largo W4 Witbank 32.00 3.30 6.40 2.30 1954 2000
n199 New Largo W4 Witbank 32.50 3.20 6.50 2.10 1954 1991
n200 New Largo W4 Witbank 43.00 4.80 6.20 2.80 1965 1991
n216 Goedehoop W2 Witbank 86.40 7.50 6.50 4.60 1953 2002
n217 Goedehoop W2 Witbank 102.00 7.60 6.20 4.50 1954 2005
s116 Waterpan W2 Witbank 61.00 6.10 6.10 4.57 1932 1964
s117 Waterpan W2 Witbank 61.00 6.10 7.62 3.05 N/A N/A
s118 Waterpan W2 Witbank 57.90 6.10 7.62 3.96 1932 1964
s119 W. W4 Witbank 41.10 4.27 6.40 3.05 1955 1959
Consolidated
s12 Coronation Wi1 Witbank 25.90 3.66 8.53 3.05 1917 1921
s16 M Steam W2 Witbank 21.30 3.96 8.23 4.57 1922 1947
s17 Wolvekrans W2 Witbank 29.60 5.18 7.01 5.49 1945 1959
s18 Witbank W2 Witbank 27.40 3.66 7.92 2.13 N/A 1904
s39 Kendal W5 Witbank 36.60 4.57 7.62 2.44 1941 1941
s40 Wolvekrans W2 Witbank 33.50 6.10 6.71 5.49 1946 1950
s41 Crown Douglas | W2 Witbank 30.50 4.57 7.62 3.66 1912-18 1919
s42 South Witbank | W5 Witbank 53.30 5.18 6.40 3.66 1957 1962
s55 Blesbok W5 Witbank 68.60 3.35 5.79 1.52 1954 1955
s57 Koornfontein W2 Witbank 88.40 7.16 6.55 4.88 1958 - 59 1962
s58 South Witbank | W5 Witbank 57.90 5.18 6.40 5.49 1957 1959
s64 South Witbank | W4 Witbank 61.00 4.72 6.86 3.51 1957 1959
s9 New Largo W4 Witbank 30.50 3.35 6.40 2.59 1951-53 1963
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Appendix B

Updated database of intact pillar cases

Colliery name Seam Coalfield Depth to floor Pillar width Bord width Mining height | Panel span
Kriel Colliery No. 4 Highveld 36.2 5.7 6.27 3.8 198
Kriel Colliery No. 4 Highveld 39.95 6.89 6.08 3.7 162
Kriel Colliery No. 4 Highveld 55.2 8.98 6.96 3.95 400
Kriel Colliery No. 4 Highveld 30.35 8.96 6.06 3.85 350
Kriel Colliery No. 4 Highveld 41.35 8 5.98 3.6 202
Kriel Colliery No. 4 Highveld 57.34 9.07 5.99 3.84 312
Balgray Colliery GUS KwaZulu-Natal 63.15 8.02 6.11 1.65 280
Klippoortje Colliery No. 4 Witbank 40.86 7.55 7.63 2.92 145
Klippoortje Colliery No. 4 Witbank 30.55 8.07 7.11 3.2 260
Klippoortje Colliery No. 4 Witbank 49.82 7.63 7.67 3.05 140
Klippoortje Colliery No. 4 Witbank 47.07 8.29 6.89 3.37 370
Klippoortje Colliery No. 4 Witbank 66.95 7.77 7.5 3 100
Blesbok Colliery No. 5 Witbank 25.98 3.1 5.53 1.34 80
Blesbok Colliery No. 5 Witbank 26.83 2.91 5.09 1.33 60
Blesbok Colliery No. 5 Witbank 42.61 4.38 5.07 1.61 150
Blesbok Colliery No. 5 Witbank 23 4 5.68 1.58 146
Blesbok Colliery No. 5 Witbank 23.76 4.3 5.21 1.5 100
Blesbok Colliery No. 5 Witbank 23.54 4.24 5.38 1.54 150
Blesbok Colliery No. 5 Witbank 26.75 4.54 4.97 1.65 400
Blesbok Colliery No. 5 Witbank 19.4 4.26 5.22 1.4 150
Blesbok Colliery No. 5 Witbank 20.8 4.24 5.18 1.38 390
Blesbok Colliery No. 5 Witbank 23.33 4.37 5.08 1.33 145.5
Natal Cambrien/ Ballengeich Sec. Main KwaZulu-Natal 58.89 8.06 5.7 3 400
Natal Cambrien/ Ballengeich Sec. Main KwaZulu-Natal 96.2 8.06 5.77 3.1 235
Natal Cambrien/ Ballengeich Sec. Main KwaZulu-Natal 33.94 8.17 5.52 2.38 275
New Largo Coll/ A Winning No. 4 Witbank 39.1 6.63 6.36 2.6 175
New Largo Coll/ A Winning No. 4 Witbank 36.5 7.25 6.3 2.68 210
New Largo Coll/ A Winning No. 4 Witbank 24.15 6.1 6.25 2.65 230
New Largo Coll/ A Winning No. 4 Witbank 25.7 6.15 6.17 2.6 255
New Largo Coll/ A Winning No. 4 Witbank 18.58 4.86 6.16 2.78 150
New Largo Coll/ A Winning No. 4 Witbank 21.5 5.09 5.96 2.75 125
New Largo Coll/ A Winning No. 4 Witbank 44.95 5.03 6.01 2.68 125
New Largo Coll/ A Winning No. 4 Witbank 26.51 4.32 6.68 2.65 127
Newcastle Platberg Colliery Top Seam KwaZulu-Natal 97.27 8.63 6.04 1.37 195
Newcastle Platberg Colliery Top Seam KwaZulu-Natal 165.45 11.66 6.32 1.45 335
Newcastle Platberg Colliery Top Seam KwaZulu-Natal 167.68 12.98 6.43 1.45 285
Newcastle Platberg Colliery Top Seam KwaZulu-Natal 183.83 12.99 6.93 1.23 285
Riversdale Colliery GUS KwaZulu-Natal 54 6 6.54 1.2 135
Riversdale Colliery GUS KwaZulu-Natal 112 17 5.5 1.05 255
Schoongezicht Colliery No. 2 Witbank 98.15 12.56 5.23 2.65 170
Schoongezicht Colliery No. 2 Witbank 64.79 13.03 5.37 3.08 170
Spitzkop Colliery B Seam Ermelo 80.5 6.58 6.39 1.65 136
Spitzkop Colliery B Seam Ermelo 54.6 5.67 6.37 1.6 174
Spitzkop Colliery B Seam Ermelo 25.15 4.39 6.54 1.65 150
Spitzkop Colliery B Seam Ermelo 35.73 5 6.12 1.73 250
Spitzkop Colliery B Seam Ermelo 55.7 6.85 6.13 1.7 140
Spitzkop Colliery B Seam Ermelo 52.5 5.66 6.38 1.7 150
Spitzkop Colliery B Seam Ermelo 35.5 4.6 6.81 2 175
Spitzkop Colliery B Seam Ermelo 40.33 4.53 6.52 1.83 190
Spitzkop Colliery B Seam Ermelo 22.62 4.8 6.2 1.65 175
Spitzkop Colliery B Seam Ermelo 28.75 5 6.08 2 128
Transvaal Nav. Colliery No. 2 KwaZulu-Natal 22.3 6.24 5.74 3.5 140
Transvaal Nav. Colliery No. 2 KwaZulu-Natal 37.7 7.05 5.94 3.06 110
Transvaal Nav. Colliery No. 2 KwaZulu-Natal 36.26 6.23 6.82 2.63 135
Transvaal Nav. Colliery No. 2 KwaZulu-Natal 50.17 5.85 7.04 2.6 120
Transvaal Nav. Colliery No. 2 KwaZulu-Natal 37.08 6.29 6.65 2.78 110
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Appendix B (continued)

Updated database of intact pillar cases

Colliery name Seam Coalfield Depth to floor Pillar width Bord width Mining height | Panel span
Transvaal Nav. Colliery No. 2 KwaZulu-Natal 61.1 7.08 6.61 4.49 175
Transvaal Nav. Colliery No. 2 KwaZulu-Natal 42 5.38 6.78 3.96 220
Transvaal Nav. Colliery No. 2 KwaZulu-Natal 39.33 8.05 6 2.68 315
Transvaal Nav. Colliery No. 2 KwaZulu-Natal 59.16 747 6.57 3.51 180
Vierfontein Colliery Main Free State 64.24 5.59 5.05 1 100
Vierfontein Colliery Main Free State 59.98 6.19 5.86 1.52 148
Vierfontein Colliery Main Free State 17.91 4.31 5.62 1.71 105
Vierfontein Colliery Main Free State 29.56 6.2 6 21 164
N.R. N.R. N.R. 45.72 5.49 5.18 1.83 N.R.
Albion N.R. Witbank 76.20 6.71 5.49 2.74 N.R.
Albion 2 N.R. 85.34 8.23 5.49 3.20 219.00
Albion 2 Witbank 121.92 12.80 5.49 2.29 N.R.
Albion 1 Witbank 97.54 9.75 5.49 3.20 219.00
Alpha Anthracite Gus Vryheid 108 9 6 1.14 140
Alpha Anthracite Gus Vryheid 108 9 6 1.1 140
Alpha Anthracite Gus Vryheid 150 9 6 1.15 350
Alpha Anthracite Gus Vryheid 208 17 6 1.2 350
Alpha Anthracite Gus Vryheid 208 17 6 1.1 350
Alpha Anthracite Alfred Vryheid 166 17 6 1.48 210
Alpha Anthracite Alfred Vryheid 174 17 6 1.17 185
Arnot 2 Witbank 64.47 9 6 1.89 155
Arnot 2 Witbank 50 10 6 3.8 165
ATC Tavistock 2 Witbank 34.6 12.21 5.6 34 160
ATC Tavistock 2 Witbank 77.65 12 5.84 3.8 190
Bank 2 Witbank 55.75 10.28 6 2.8 100
Bank 2 Witbank 55.75 1 6 3 125
Bank 2 Witbank 79.92 9 6 2.9 125
Bank 2 Witbank 34.15 8 6 3 145
Bank 2 Witbank 36.53 7 6 3 120
Blesbok 5 Witbank 45.72 4.27 5.49 1.19 229.00
Blesbok 5 Witbank 68.58 5.18 5.49 1.19 229.00
Blesbok 5 Witbank 91.44 6.10 5.49 1.19 229.00
Blesbok 5.00 Witbank 76.20 7.62 6.10 1.37 N.R.
Blinkpan 4 Witbank 30.48 5.49 6.71 2.59 150.00
Blinkpan 2 Witbank 63.64 14 6 3 175
Blinkpan 2 Witbank 70.79 12 6 2.2 190
Blinkpan 2 Witbank 118.62 15 6 3.5 210
Blinkpan 2 Witbank 108.75 14 6 3 195
Blinkpan 2 Witbank 53.86 7 6 5 370
Blinkpan 2 Witbank 98.72 13 6 4 215
Bosjesspruit 4C-Lower Highveld 170 22 6 2.6 230
Bosjesspruit 4C-Lower Highveld 154 21.37 6.26 2.72 230
Bosjesspruit 4C-Lower Highveld 171.7 21.19 6.81 2.9 230
Bosjesspruit 4C-Lower Highveld 151 23.85 6.15 3.34 185
Brandspruit 4C-Lower Highveld 137 21.82 5.84 2.84 180
Brandspruit 4C-Lower Highveld 106 15.84 6.35 3.16 183
Cornelia N.R. Vereeniging 91.44 6.10 6.10 1.52 N.R.
Cornelia N.R. Vereeniging 60.96 9.75 5.49 2.29 N.R.
Cornelia Top Vereeniging 114.00 12.80 5.49 1.98 366.00
Cornelia Middle Vereeniging 146.30 17.37 5.49 2.13 366.00
Cornelia Top Vereeniging 91.44 12.80 5.49 2.07 366.00
Cornelia Bottom Vereeniging 114.00 17.37 5.49 1.98 366.00
Cornelia 2.00 Vereeniging 106.68 9.14 6.10 1.68 N.R.
Cornelia 3 Vereeniging 140.21 12.80 5.49 2.44 N.R.
Cornelia 2 Vereeniging 93.88 9.75 5.49 1.98 N.R.
Coronation 1 Witbank 39.62 6.10 6.10 2.59 229.00
Coronation North 1 Witbank 91.44 6.10 6.10 1.55 229.00
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Appendix B (continued)
Updated database of intact pillar cases
Colliery name Seam Coalfield Depth to floor Pillar width Bord width Mining height | Panel span
D.N.C. Top-Bottom | Klip River 223.38 28 5 3.5 230
D.N.C. Top-Bottom | Klip River 173.22 25 5 4.2 280
D.N.C. Top-Bottom | Klip River 215.05 35 5 3 230
D.N.C. Top-Bottom | Klip River 254.45 35 5 4 320
D.N.C. Top-Bottom | Klip River 215.05 25 5 3 240
Delmas 4 Witbank 62.48 10 6 2.2 155
Delmas 4 Witbank 62.48 15 6 21 170
Delmas 4 Witbank 62.48 9 6 2.25 145
Delmas 2 Witbank 70 15 6 3 120
Delmas 2 Witbank 122.17 12 6 2.8 225
Delmas 2 Witbank 122 15.4 6.6 25 220
Delmas 2 Witbank 122 15.4 6.6 25 170
Delmas 2 Highveld 94 10.22 6.78 3 N.R.
Delmas 2 Highveld 94 10.2 6.8 2.8 N.R.
Douglas 2 Witbank 45.72 6.10 6.10 2.90 316.00
Douglas 2 Witbank 60.96 7.62 6.10 2.90 312.00
Douglas 2 Witbank 76.20 9.14 6.10 2.90 317.00
Douglas 2 Witbank 91.44 10.67 6.10 2.90 317.00
Douglas 2 Witbank 40.07 8 6 3.2 90
Douglas 2 Witbank 40.07 7.5 6 3.2 165
Douglas 2 Witbank 56.11 7.5 6 3.5 140
Douglas 2 Witbank 111.91 134 6 3 240
Douglas 2 Witbank 121.02 13 6 35 140
Eikeboom 2.00 Witbank 143.26 12.80 5.49 1.68 N.R.
Ermelo CL Eastern Tvl 140.72 15 6 2.7 300
Ermelo CU-CL Eastern Tvl 83.43 12 6 2.8 150
Ermelo CU-CL Eastern Tvl 101.21 12 6 2.3 150
Ermelo CU-CL Eastern Tvl 114.35 12 6 2.3 210
Ermelo CU-CL Eastern Tvl 119.41 15 6 2.3 190
Ermelo CU-CL Eastern Tvl 114.3 12 6 2.6 205
Ermelo CU-CL Eastern Tvl 104.76 12 6 4.8 170
Ermelo CL Eastern Tvl 130.75 15 6 2 205
Goedehoop 2 Witbank 44.55 12 6 25 150
Goedehoop 2 Witbank 44.55 12 6 3 180
Goedehoop 2 Witbank 40.3 8 6 2.1 175
Goedehoop 2 Witbank 37.36 10 6 2.8 145
Goedehoop 2 Witbank 70.76 14 6 2.6 170
Goedehoop 2 Witbank 44.55 6 6 3.3 185
Goedehoop 2 Witbank 87.53 12 6 3.6 187
Greenside 1 Witbank 90.22 8.53 6.71 2.90 219.00
Greenside 2 Witbank 115.82 7.62 6.10 1.83 219.00
Greenside 2 Witbank 84.84 7 6 2.26 85
Greenside 2 Witbank 84.84 7 6 2.26 100
Greenside 2 Witbank 84.84 7 6 2.26 198
Greenside 5 Witbank 61.5 9.47 6 1.98 95
Greenside 5 Witbank 61.5 9.26 6 1.98 140
Greenside 5 Witbank 58.71 11 6 23 95
Greenside 5 Witbank 58.71 7 6 2 165
Greenside 2 Witbank 108.63 125 6 3.38 335
Greenside 2 Witbank 108.63 185 6 3.65 200
Hlobane Dundas Vryheid 94.28 10 5 1.4 105
Hlobane Dundas Vryheid 94.28 10 5 1.7 165
Kendal 5 Witbank 51.82 9.14 6.10 1.68 210.00
Klippoortjie 4 Witbank 64.01 7.62 7.62 3.05 270.00
Koornfontein 2 Witbank 48.77 9.14 6.10 4.27 150.00
Koornfontein 2 Witbank 108.51 8.53 6.71 2.29 150.00
Kriel 4 Highveld 46.1 74 6.9 3.8 200
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Appendix B (continued)
Updated database of intact pillar cases

Colliery name Seam Coalfield Depth to floor Pillar width Bord width Mining height | Panel span
Kriel 4 Highveld 50 9.3 5.7 3.65 215
Kriel 4 Highveld 58.3 8.47 6 3.8 230
Kriel 4 Highveld 59.3 11 6 3.7 230
Longridge Dundas Utrecht 196 15 6 2.6 200
Matla 4 Highveld 64.92 20.57 6 3.5 135
Matla 4 Highveld 55 11.8 6.2 3.41 N.R.
Matla 4 Highveld 65 10.98 6.02 3.2 N.R.
Matla 4 Highveld 51 8.89 6.11 3.27 N.R.
Matla 4 Highveld 68 11.66 6.34 3.4 N.R.
Matla 4 Highveld 46 8.6 6.4 3.55 N.R.
Matla 4 Highveld 74 11.31 5.69 3.41 N.R.
Matla 4 Highveld 68 10.87 6.13 3.37 N.R.
Matla 4 Highveld 68 12.9 71 4.06 N.R.
Matla 4 Highveld 54 8.92 6.08 3.58 N.R.
Matla 4 Highveld 70 10.68 6.32 3.25 N.R.
Matla 4 Highveld 49 8.57 6.43 3.69 N.R.
Matla 4 Highveld 51 8.65 6.35 3.64 N.R.
Matla 4 Highveld 72 12.89 7.11 4.15 N.R.
Matla 4 Highveld 77 10.04 5.96 2.94 N.R.
Matla 4 Highveld 57 9.35 6.65 3.65 N.R.
Matla 4 Highveld 75 10.7 6.3 3.41 N.R.
Matla 4 Highveld 78 10.7 6.3 3.35 N.R.
Matla 4 Highveld 54 8.52 6.48 3.69 N.R.
Matla 4 Highveld 56 8.59 6.41 3.63 N.R.
Matla 4 Highveld 64.92 9 6 3.6 135
Matla 4 Highveld 73 10.63 6.37 3.85 N.R.
Matla 4 Highveld 81 13.01 6.99 4.31 N.R.
Matla 4 Highveld 64.92 9 6 3.72 215
Matla 4 Highveld 75 10.03 6.97 3.07 N.R.
Matla 4 Highveld 84 12.97 7.03 4.31 N.R.
Matla 4 Highveld 79 13.58 6.42 5.89 N.R.
Matla 4 Highveld 74 9.9 71 3.33 N.R.
Matla 4 Highveld 71 12.32 6.68 5.84 N.R.
Matla 4 Highveld 73 10.21 6.79 3.93 N.R.
Matla 4 Highveld 83 13.66 6.34 6.13 N.R.
Matla 4 Highveld 75 11.03 5.97 55 N.R.
Matla 4 Highveld 77 10.22 6.78 4.05 N.R.
Matla 4 Highveld 71 10.7 6.3 5.5 N.R.
Matla 4 Highveld 76 10.8 6.2 5.5 N.R.
Matla 4 Highveld 66 10.92 7.08 6.45 N.R.
Matla 4 Highveld 76 8.85 715 3.48 N.R.
Matla 4 Highveld 77 9.81 7.19 4.86 N.R.
Matla 2 Highveld 93.8 14 6 3.6 165
Matla 2 Highveld 93.8 14.92 6 3 165
Matla 2 Highveld 93.8 14.7 6 3.2 205
Middelbult 4C-Lower Highveld 109 17.5 6.48 3.67 145
Middelbult 4C-Lower Highveld 106 16.47 7.5 3.5 150
Middelbult 4C-Lower Highveld 92.28 17.07 6.93 3.87 165
Middelbult 4C-Lower Highveld 122 21 6.71 3.29 190
Middelbult 4C-Lower Highveld 122 21.2 6.71 3.29 190
N.R. N.R. N.R. 97.54 9.14 6.10 3.20 N.R.
N.R. N.R. N.R. 106.68 15.24 6.10 4.88 N.R.
N.R. N.R. N.R. 45.72 4.88 6.10 1.65 N.R.
N.R. 2 N.R. 60.96 4.88 6.10 1.55 N.R.
N.R. N.R. N.R. 60.96 7.01 6.71 2.59 N.R.
N.R. N.R. N.R. 30.48 2.74 5.49 1.55 N.R.
N.R. N.R. N.R. 85.34 7.62 6.10 3.20 N.R.
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Appendix B (continued)

Updated database of intact pillar cases

Colliery name Seam Coalfield Depth to floor Pillar width Bord width Mining height | Panel span
N.R. N.R. N.R. 167.64 14.33 3.69 1.98 N.R.
N.R. N.R. N.R. 108.51 7.62 6.71 2.29 N.R.
N.R. N.R. N.R. 42.67 4.27 5.49 2.59 N.R.
N.R. N.R. N.R. 140.21 17.37 5.49 2.44 N.R.
N.R. N.R. N.R. 160.93 14.94 6.31 2.96 N.R.
N.R. N.R. N.R. 180.44 15.24 5.97 2.99 N.R.
N.R. N.R. N.R. 163.98 15.00 6.22 2.80 N.R.
N.R. N.R. N.R. 146.00 16.46 5.49 2.41 N.R.
N.R. N.R. N.R. 198.12 17.16 5.70 2.83 N.R.
N.R. N.R. N.R. 182.88 15.85 5.49 4.88 N.R.
N.R. N.R. N.R. 36.58 7.32 4.88 1.83 N.R.
N.R. N.R. N.R. 91.44 7.62 6.10 1.68 N.R.
N.R. N.R. N.R. 60.96 9.14 6.10 4.88 N.R.
N.R. N.R. N.R. 76.20 10.67 6.10 4.88 N.R.
N.R. N.R. N.R. 91.44 12.19 6.10 4.88 N.R.
New Clydesdale 2 Witbank 45.72 6.10 6.10 3.05 180.00
New Denmark 4-Upper Highveld 178.49 19 6 2.3 210
New Denmark 4-Upper Highveld 195.15 20 6 21 180
New Denmark 4-Upper Highveld 203.42 19 6 1.7 205
New Denmark 4-Upper Highveld 203.42 19 6 1.7 205
New Largo 4 Witbank 42.67 5.49 5.49 2.59 305.00
New Middelburg N.R. N.R. 91.44 6.10 6.10 1.68 N.R.
Phoenix 2 Witbank 48.77 7.32 6.40 2.44 180.00
Phoenix 1 Witbank 83.92 11.47 6 3 220
Phoenix 1 Witbank 87.6 12 6 2.8 220
SACE 4 Witbank 45.72 6.10 6.10 3.96 180.00
SACE 2 Witbank 60.96 7.62 6.10 3.96 180.00
SACE 5 Witbank 45.72 6.10 6.10 1.68 305.00
SACE 2 Witbank 60.96 7.62 6.10 1.68 305.00
SACE 2 Witbank 76.20 9.14 6.10 3.96 180.00
SACE 2 Witbank 91.44 12.19 6.10 3.96 180.00
SACE 1 Witbank 76.20 9.14 6.10 1.68 305.00
SACE 1 Witbank 33.58 6.71 5.49 3.96 N.R.
SACE 2 Witbank 115.82 9.14 6.10 1.83 N.R.
Secunda 4 Highveld 169 21.81 6.19 2.58

Sigma 3 Vereeniging 70 12 6 2.6 110
Sigma 2B Vereeniging 104 11 6 3 110
Sigma 2A Vereeniging 110.5 12 5 2.8 115
Sigma 2A Vereeniging 110.5 12 5 3 115
Sigma 3 Vereeniging 70 20.57 5 2.6 125
Sigma 3 Vereeniging 70 15.44 5 2.6 125
Sigma 2 Vereeniging 93.00 10.00 6.00 2.90 100.00
Sigma 2 Vereeniging 84.00 11.00 5.89 2.77 225.00
Sigma 2 Vereeniging 84.00 11.50 5.89 2.77 110.00
South Section 2 Witbank 47.24 6.10 7.62 5.18 259.00
South Witbank 4 Witbank 64.01 6.10 6.25 3.44 210.00
Springbok 2 Witbank 91.44 10.67 6.10 4.27 180.00
Springbok 5 Witbank 38.10 4.27 5.49 1.52 218.00
Springbok 2 Witbank 106.68 12.19 6.10 4.27 180.00
Springbok 2 Witbank 88.39 9.14 6.10 3.05 180.00
Springlake Bottom Klip River 84.65 6 6 1.75 145
Tavistock 2 Witbank 85.34 7.62 6.10 3.05 198.00
Tavistock 2 Witbank 108.51 8.84 6.40 2.29 198.00
Tshikondeni 7 Soutpansberg 79.4 24 6 3 155
Tshikondeni 7 Soutpansberg 138.89 17.78 6 3 190
Tshikondeni 7 Soutpansberg 138.89 31.06 6 3 190
Tshikondeni 7 Soutpansberg 79.4 19.47 6 3 190
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Appendix B (continued)
Updated database of intact pillar cases

Colliery name Seam Coalfield Depth to floor Pillar width Bord width Mining height | Panel span
Tvl Navigation 2 Witbank 60.96 7.01 6.71 3.35 134.00
Tweefontein 4 Witbank 30.48 6.10 6.10 3.20 150.00
Tweefontein 2 Witbank 44.20 6.10 6.10 4.27 150.00
Tweefontein 4 Witbank 42.8 7 6 22 250
Tweefontein 4 Witbank 67.8 11 6 4 145
Tweefontein 4 Witbank 67.8 11.73 6 4 145
Tweefontein 4 Witbank 36.3 8 6 3.7 125
Tweefontein 4 Highveld 51.8 10.98 6.02 2.88

Twistdraai 4C-Lower Highveld 124.9 18.27 5.73 2.67 175
Twistdraai 4C-Lower Highveld 110 17.82 6.18 3.46 220
Twistdraai 4C-Lower Highveld 146.2 19.89 6.29 2.91 175
VvV.D.D 2 Witbank 68.9 12.9 6 3 230
V.D.D. 2 Witbank 34.5 5.5 6.5 55 50
V.D.D. 2 Witbank 33.8 8 6 2.4 55
V.D.D. 2 Witbank 52.8 8 6 3 165
V.D.D. 2 Witbank 38.37 8.1 6.4 5.9 180
V.D.D. 2 Witbank 52.8 1.3 6 3 170
Van Dyks Drift 2 Witbank 45.72 6.10 6.10 4.57 N.R.
Van Dyks Drift 2 Witbank 219.46 21.73 5.58 3.17 305.00
Van Dyks Drift 2 Witbank 76.20 7.62 6.10 4.57 305.00
Van Dyks Drift 2.00 Witbank 106.68 6.71 5.49 1.19 N.R.
Vierfontein Main Free State 182.88 16.92 5.94 2.44 N.R.
Vierfontein Main Free State 91.44 12.19 6.10 1.52 N.R.
Vierfontein Main Free State 35.05 9.75 5.49 2.44 N.R.
Vierfontein Main Free State 50.60 6.10 6.10 1.37 N.R.
Vierfontein Main Free State 76.20 9.14 6.10 1.37 N.R.
Vierfontein Main Free State 35.05 7.32 4.88 2.59 N.R.
Vierfontein Main Free state 42.00 5.00 10.00 1.80 110.00
Vierfontein Main Free state 36.00 5.00 7.00 2.40 90.00
Vierfontein Main Free state 38.00 5.00 7.00 1.80 178.00
Vierfontein Main Free state 22.00 6.00 6.00 1.50 180.00
Waterpan 2 Witbank 36.58 6.10 6.10 3.66 150.00
Waterpan 1 Witbank 51.82 7.62 6.10 3.66 144.00
Waterpan 2 Witbank 137.16 12.80 5.49 3.66 150.00
Waterpan 2.00 Witbank 91.44 9.14 6.10 4.57 N.R.
Waterpan 2.00 Witbank 45.72 7.62 6.10 4.88 N.R.
Waterpan 2.00 Witbank 19.81 7.62 6.10 3.20 N.R.
Welgedacht ALFRED Utrecht 29.77 14 5 3 120
Welgedacht ALFRED Utrecht 58.53 11.42 6 3.5 210
Welgedacht ALFRED Utrecht 58.53 14 6 3.5 210
Welgedacht ALFRED Utrecht 42.59 15 6 3.7 110
Welgedacht ALFRED Utrecht 13.22 8 6 2.6 105
Welgedacht GUS Utrecht 65.78 10 5 2.2 130
Welgedacht GUS Utrecht 54.65 10 5 2.2 130
Welgedacht ALFRED Utrecht 54.99 9.47 5 3 160
Witbank Cons 4 Witbank 45.72 6.55 6.40 3.51 170.00
Witcon 2 Witbank 82 12 6 3 115
Witcon 2 Witbank 70.1 12 6 3.35 160
Wolvekrans 4 Witbank 21.34 6.10 6.71 2.74 115.00
Wolvekrans 2 Witbank 30.48 6.40 6.40 3.66 450.00
Wolvekrans 1 Witbank 41.15 6.40 6.40 1.98 450.00
Z.A.C. MAIN Zululand 78.54 14 6 2.7 135
Z.A.C. MAIN Zululand 78.54 14 6 24 145
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