
623The Journal of the Southern African Institute of Mining and Metallurgy VOLUME 121 DECEMBER 2021

Risks and challenges affecting 
opencast pillar mining in previously 
mined underground bord and pillar 
workings
by P.L. Ngwenyama1 and W.W. de Graaf1

Synopsis
South Africa is one of the leading producers and exporters of coal globally. A significant amount of the 
country’s production is obtained from previously mined underground bord and pillar workings. This 
coal is in the form of pillars and remnants on the roof and floor of the old workings. The good quality coal 
pillars were left behind as primary support during underground bord and pillar mining operations. Due 
to the depletion of virgin coal reserves, the pillars and remnant coal are now removed using opencast 
mining rather than underground methods. However, the secondary extraction of pillars and remnant 
coal from the old workings using opencast methods entails some serious challenges that have a negative 
impact on the safety and productivity of the operations, affecting both personnel and machinery. If these 
risk factors and challenges are managed properly, then the opencast mining operations could remove the 
pillars safely at recoveries competitive with those of virgin coal operations. In this study we review the 
recurring challenges affecting opencast pillar mining by means of field investigations and consultations 
with experts at five opencast pillar mining operations, and evaluate the best practices used to combat 
these challenges. It was found that each mine has its own unique conditions and challenges.

Keywords
opencast pillar mining, spontaneous combustion, bord collapse, bord and pillar collapse, bord voids, 
sinkholes.

Introduction
Coal was discovered and first mined in South Africa in the 1850s and continues to play a critical role in 
today’s economy and energy supply (Hanconx and Gotz, 2014). According to the Energy Information 
Administration (2020) and Schernikau (2010), coal will remain a key global economic driver for some 
years to come. The demand for coal is expected to increase at least until the 2040s, especially in emerging 
economies such as India and China. During the early years of coal mining, over 90% of South Africa’s 
coal was produced by underground bord and pillar mining (Figure 1) (Mohutsiwa and Musingwini, 
2015). However, one of the biggest disadvantages of this method is its relatively low extraction ratio – an 
average of just less than 50% across all collieries in South Africa (Madden et al., 1995). A higher extraction 
ratio is possible in the case of smaller pillars, but these have a low factor of safety (Wagner, 1980). With 
increased pillar dimensions, the extraction ratio in bord and pillar mines can be as low as 36%, as shown 
in Table I.

In bord and pillar mining, a valuable amount of coal is left behind in standing pillars as primary 
support. According to van der Merwe and Mathey (2013), up to 9.55 Gt of coal has been mined in South 
Africa, of which approximately 53% came from bord and pillar mines. Moolman and Canbulat (2003) 
assert that approximately 1.1 Gt of potentially mineable pillar coal remains in the ground in the form 
of remnant pillars, mostly from mining operations dating to between 1970 and 1997. The amount of 
coal left behind continues to increase at a rate of 110 Mt per year. In 2003, the total number of pillars 
left underground was estimated to be over 1.7 million since 1970 (Moolman and Canbulat, 2003). In 
1996, between 100 000 and 150 000 intact pillars were formed during bord and pillar mining operations 
(Madden, Canbulat, and York, 1998), and this figure has been estimated at 3 million by 2006 (van der 
Merwe, 2006).
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According to Moolman and Canbulat (2003), only pillars 
with a safety factor of at least 1.8 can be safely extracted using 
underground methods. Nonetheless, greater safety risks and low 
recovery rates are among the disadvantage of sunderground pillar 
extraction methods. Furthermore, the secondary extraction of old 
pillars using underground mining methods can be constrained by 
geotechnical, geological, environmental, and economic factors. 
Extracting old pillars which have reduced in size due to spalling 
and deteriorated in strength is more difficult than the extraction 
of newer pillars.

Due to the safety concerns and low recovery rates associated 
with underground pillar extraction, opencast pillar mining became 
a viable option. This method has also been extensively used in 
countries such as India (Panigrahi, Sinha, and Singh, 2013; Mahto, 
2015). In this study, it has been shown that opencast pillar mining 
operations can compete with virgin coal operations (Table II).

The secondary extraction of pillars from previously mined 
underground bord and pillar operations dates back to the early 
1990s. However, opencast pillar mining is a complex method 
and entails multiple challenges compared to virgin coal mining, 
which can adversely affect the process if control measures are 
not properly implemented (Clough and Morris, 1985; Laybourne 
and Watts, 1990). Nonetheless, opencast pillar mining has been 
preferred over underground pillar extraction due to the safer 
working environment, higher extraction and recovery rates, 
flexibility, reduced coal losses, and increased productivity of 

surface methods. Figure 2 shows the layout of a typical opencast 
pillar mining operation:

Despite its complex challenges and difficulties, opencast 
pillar mining is expected to play a critical role in the supply of 
coal due to the good quality coal in standing pillars remaining 
underground (Ngwenyama, de Graaf, and Preis, 2017). This is due 
to the fact that virgin coal reserves in South Africa have continued 
to diminish and are nearing depletion (Hartnady, 2010). The 
effective utilization of pillar coal reserves in previously mined 
areas is therefore required (Schalekamp, 2006; Ngwenyama, 
de Graaf, and Preis, 2017). The purpose of this study was to 
identify the major challenges and risks associated with opencast 
pillar mining in order to improve the effective utilization of coal 
reserves remaining in pillars and remnant coal.

Field investigations
This study was conducted through field investigations and 
consultations with mining experts from five opencast pillar 
mining operations. These operations together produce an average 
of 60 Mt good quality coal per annum for both the export and 
domestic markets. Table II gives some production details for the 
five operations.

Risks and challenges affecting opencast pillar mining
Opencast pillar mining has been practiced since the early 1990s 
in South Africa, and earlier than this in other countries such as 
Scotland. However, despite all efforts to improve the process, this 
method is still experiencing continued and unresolved challenges 
which are detrimental to production, productivity, and health and 
safety. Through the field investigations, this study was able to 
identify the major challenges encountered during opencast pillar 
mining, and review the recurring challenges and best practices 
among the mines facing similar conditions.

Lack of information on the old workings
One of the biggest risk factors in opencast pillar mining is the 
paucity of information regarding the state of the old pillars 
and the general conditions of the workings. In some of the 
mines visited, it was found that information regarding the old 

Figure 1—Coal production in South Africa by different mining methods 
(van der Merwe and Mathey, 2013)

   Table I

   Relationship between pillar size and extraction ratio

   Pillar width (m)  7  9  13  15  18  28

   Extraction ratio (%)  75  68  58  53  48  36
   Average depth (m)  50  80  120  130  160  180

   Table II

   Opencast pillar mining operations visited during field investigations

   Mine  U/G mining  OPM  Mining method  Waste removal  Coal extraction  ROM production 
 start date start date  equipment equipment (Mt/a)

   A 1890s 2015 Bench mining Truck and shovel  Excavator and trucks  3.9
   B 1890s 1980’s Double bench Dragline  Truck and shovel  19
   C 920s 1990’s  Strip mining Dragline  Truck and shovel  7
   D 1950s 2000’s Double bench Dragline and truck-and-shovels  Front end loader and trucks  16
   E 1940s 1990’s Strip mining Dragline  Truck and shovel  12.5

Figure 2—Typical layout of an opencast pillar mining operation
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workings is not available or only partially understood. The 
partially available information is extrapolated from old mine 
plans, which are less accurate than modern plans. This is because 
the old mine plans were constructed manually due to the lack 
of advanced survey technology at the time. The unavailable or 
partially known information includes the exact positions of the 
pillars, their centres, pillar dimensions, bord width, and roof 
undulation and thickness. To overcome this challenge, Govender 
(2018) conducted a study to evaluate techniques that can identify 
underground coal pillars from surface. A cavity auto-scanning 
laser system was found to be effective in determining sufficient 
information about the pillars in the old workings. The risk 
factors associated with old workings across the visited mines are 
evaluated in Table III.

Spontaneous combustion and its control measures
Spontaneous combustion is one of the most common challenges 
experienced across all the opencast pillar mines visited. Although 
the risk may differ in magnitude from mine to mine, it is still 
an ongoing and unresolved problem. One of the biggest risks of 

spontaneous combustion is premature detonation of blasts, which 
can easily result in multiple fatalities and/or damage to equipment. 
Extensive research pertaining to spontaneous combustion has 
been conducted (Eroglu, 1999; Eroglu, Uludag, and Thyse, 2002; 
Stenzel, 2002; Eroglu and Moolman, 2003; Phillips, Uludag, 
and Chabedi, 2011; Genc and Cook, 2015; Gemmell, 2016). 
Spontaneous combustion is common not only in South African 
mines, but across the world in countries such as India and the USA 
(Panigrahi, Sinha, and Singh, 2013; Sloss, 2015). Several techniques 
have been developed to minimize and potentially mitigate the 
effects of spontaneous combustion. Some of these techniques and 
their advantages are described in Table IV.

The spontaneous combustion combating techniques in Table 
IV have a common goal, which is to eliminate at least one of the 
three constituents of the ‘fire triangle’; namely fuel, heat, and 
oxygen. Spontaneous combustion cannot occur when one (or 
more) of these constituents is absent. Some of the spontaneous 
combustion control techniques have proven to be effective and 
are used extensively in the mines, while some have not. Different 
mines have their own preferred techniques. The selection of 

   Table III

   Risk factors due to the unavailability of information regarding the old workings

   Risk factor  Mine A  Mine B  Mine C  Mine D  Mine E

   Exact positions of pillars known  No  No  No  No  No
   Sizes and shapes of pillars known  No  No  No  No  No
   Pillar centres known  No  No  No  No  No
   Pillars still intact in the old workings  Yes  Yes  Yes  Yes  Yes
   Pillar scaling has occurred  Yes  Yes  Yes  Yes  Yes
   Thickness of roof coal known  No  No  No  No  No
   Undulation of seam known  No  Yes  No  No  No
   Pillars are robbed or semi/fully collapsed  Yes  No  No  Yes  Yes
   Pillar strength has decreased  Yes  Yes  Yes  Yes  Yes
   Cave-ins have occurred in the old workings  No  No  Yes  No  Yes
   Tramp material in the old workings  Yes  Yes  Yes  Yes  Yes
   Excessive water in the old workings  No  Yes  No  Yes  Yes

   Table IV

   Techniques for mitigating or minimizing spontaneous combustion

   Technique  Description and advantages

   Cooling agents   Cooling agents are chemical substances used with water to reduce the temperature of hot holes to workable levels. Holes less 
than 40°C are charged as normal. Holes between 40 and 60°C are treated to reduce the temperature to 40°C or less before 
charging, and holes 80°C or more are closed off immediately.

   Sealing agents   This method is used to prevent coal from coming into contact with air. Materials such as calcium chloride and bentonite are  
used to coat the coal surface exposed to air.

   Inert gas  Used to flush combustible gases. This technique is not economically viable for most mines.
   Water cannons  Highwalls exposed to the surface are sprayed with high-pressure water using water cannons. Only the fires exposed are 

extinguished, while internal combustion may continue.
   Drill diameter   Air was found to be penetrating into the old workings through drilled holes. Reducing the drill diameter is one way of reducing 

the amount of air entering the old workings, in conjunction with sealing off where possible.
   Buffer blasting   Sufficient explosive energy is used to heave the overburden such that the blast collapses the pillars. This allows the  

underground voids to be sealed off, preventing the ingress of air.
   Cladding   Overburden or topsoil material is pushed over highwalls to prevent air from entering the old workings. This technique is  

effective in sealing off highwall voids, but may result in increased dilution.
   Buttress blasting   Cast blasting is used to seal off voids in the highwalls. This technique requires sufficient explosive energy to cast the blast  

and may also result in dilution and re-handling of material.
   Bord-only collapse   Only the overburden is blasted, with the old workings being preserved. The blasted overburden is allowed to collapse the  

roof coal and fill the bord voids. This prevents air from entering the old workings.
  Bord and pillar collapse   The overburden and pillars are blasted simultaneously. The presence of voids is reduced by the pillars falling into the  

bord voids. This technique reduces the occurrence of sinkholes and prevents dilution
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a technique is influenced by the unique conditions of the old 
workings at that specific operation. Table V and Figure 3 show 
the usage of the spontaneous combustion combating techniques 
by the opencast pillar mining operations. This gives an indication 
of which of the techniques are more effective and practical to 
implement. As well as the practicality and effectiveness, the 
cost-effectiveness is a contributing factor to the usage of these 
techniques.

Cooling agents are commonly used for treating hot holes due 
to their practicality and cheapness. The other techniques are used 
selectively by specific mines. Despite all the efforts, spontaneous 
combustion remains an ongoing and complex problem. According 
to Stenzel (2002), spontaneous combustion and its mitigating 
measures are still poorly understood despite it being a wellknown 
phenomenon. Spontaneous combustion can result in the loss 
of coal reserves and has a negative impact on production, 
productivity, and health and safety (Panigrahi, Sinha, and Singh, 
2013). Some of the common effects of spontaneous combustion in 
opencast pillar mining operations include:
➤   Devolatized coal or reduced quality of coal, and direct coal 

losses
➤   Decreased production rates
➤   Slope and highwall instability and sloughing
➤   Damage to property – tools, machines, and equipment
➤   Subsidence and sinkholes due to beam failure and collapse of 

burnt-out pillars
➤   Increased sulphur emissions
➤   Increased occurrence of hotholes
➤   Adjacent communities affected by increased emissions and 

dust.

Sinkholes and surface subsidence in the old workings
Some of the mines visited were found to be severely affected by 
sinkholes and surface subsidence. Surface subsidence remains a 
concern in coal mining and has also been reported in virgin coal 
mining operations in South Africa and countries such as Australia, 
China and Indonesia (Peng, 2020; Cui et al., 2020; Han et al., 2019; 
van der Merwe, 2018; Sasaoka et al., 2015). The major factors 
contributing to surface subsidence include poor geotechnical 
conditions as well as the presence of voids due to mining. 
Sinkholes constitute a risk to people, machines, property, and the 
environment. Several incidents in which machines have fallen 
into sinkholes have been recorded. These sinkholes are initiated 
by the presence of voids in the old workings and propagate all the 
way to surface due to caving of the overlying strata into the bord 
voids. Sinkholes are approached and treated differently from mine 
to mine. Sinkholes are often invisible and may form unexpectedly 
while people and equipment are working directly above them.

Figure 4 shows the surface appearance of sinkholes of 
different sizes. The size and severity of a sinkhole, and the rate 
at which it propagates to the surface, depends on a number of 
factors, including:
➤    The thickness of the overlying strata: The thickness of the 

overburden from the old workings to the surface has an 
influence on the distance of propagation. Sinkholes are 
likely to propagate and reach surface quicker in shallower 
overburden.

➤   The strength and ability of the rock to resist weathering over time: 
Competent rocks are less affected by sinkholes than weaker 
rocks, especially in oxidized areas such as the upper portion 
of the overburden and topsoil. This is due to weaker rocks 
being more affected by weathering. Sinkholes propagate 
faster in weaker rock than in competent rock due to the 
faster rate of weathering.

   Table V

   Spontaneous combustion control measures in use

   Control measure  Mine A  Mine B  Mine C  Mine D  Mine E

   Cooling agents  Yes  Yes  Yes  Yes  Yes
   Sealing agents  No  No  No  Yes  No
   Inert gas  No  No  Yes  No  No
   Water cannons  No  No  No  Yes  Yes
   Reducing drill diameter  Yes  No  Yes  No  Yes
   Buffer blasting  No  Yes  Yes  Yes  Yes
   Cladding  No  Yes  Yes  Yes  Yes
   Buttress blasting  No  Yes  Yes  No  Yes
   Bord-only blasting  No  No  Yes  Yes  No
   Bord and pillar blasting  Yes  Yes  Yes  No  Yes

Figure 3—Number of mines using a specific spontaneous combustion combating technique

Figure 4—Formation and propagation of sinkholes from old workings 
voids (visited mine)
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➤  Load on the surface: The presence of heavy equipment 
working above a sinkhole may result in a collapse. This is 
also dependent on the maturity of the sinkhole.

➤  The position of the coal seam in relation to the old workings: 
The closer the seams are to the old workings; the quicker 
sinkholes can propagate to the surface.

➤  The moisture content of the rock: Wet areas in oxidized rock are 
more prone to sinkholes. Moisture reduces the strength of 
the material in oxidized zones and this can result in higher 
propagation rates.

➤  General geology of the area: The presence of faults, sills, and 
dykes in the surroundings or directly above the old workings, 
as well as natural or mining-induced cracks, can influence 
the rate of propagation of sinkholes to surface.

Incompetent roof beam and highwall

The safety of people and equipment working above the old 
workings depends on the conditions and competency of the 
overlying strata (beam layer) and highwall stability. The beam, 
as shown in Figure 5, is the immediate overlying stratum (layer) 
above the roof coal and the pillars. The competency of the beam 
layer is crucial for the stability of the working area. However, this 
is not critical in mines where buffer blasting is used. Incidents of 
machines falling into the bord voids have been reported. This is 
mainly due to the thickness and consistency of the beam being 
poorly understood or unknown. Furthermore, there are several 
restrictions regarding highwall stability, especially at shallower 
depths. Opencast pillar mines should be designed such that the 

highwall is always supported by pillars and does not hang over 
the bord voids, as demonstrated in Figure 6. Thompson (2005) 
suggested that the mining direction should be orientated at an 
angle relative to the pillars of the old workings, as shown in Figure 
7. This is to ensure that pillars are always present at the edge of 
the highwall.

Excessive dilution
Excessive dilution is one of the major challenges in opencast 
pillar mining. In principle, only the bord should collapse and 
the bord and pillar collapse techniques are designed to prevent 
spontaneous combustion. However, this can result in excessive 
dilution. The bord-only collapse technique was designed to 
incur an excessive amount of dilution for the sake of avoiding or 
preventing spontaneous combustion. This dilution is due to the 
waste material (overburden) which is blasted to collapse the roof 
coal and fill the bord voids. The purpose of this is to prevent the 
ingress of air or oxygen into the old workings. This method has 
been effective in preventing spontaneous combustion in some of 
the mines where it is employed. On the other hand, the bord and 
pillar collapse technique is expected to incur less dilution. In this 
case, the pillars are collapsed first to fill in the bord voids and thus 
preventing the ingress of air into the old workings. 

The amounts of dilution incurred by each mine with the 
different blasting techniques employed are depicted in Figure 8. It 
is clear that the bord-only collapse method incurs higher dilution 
than bord and pillar collapse. In Mine A, the amount of dilution is 
relatively low even with the bord-only collapse technique because 
the waste material around the pillars is loaded separately from 

Figure 5—Typical layout of the beam above old workings and the edge of the highwall supported by pillars

Figure 6—Highwall supported by pillars vs highwall hanging over bord voids
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pillar material. For example, an excavator would be used to clean 
waste material around the pillars. In Mine C and Mine D, the 
pillars are loaded together with the waste material, hence resulting 
in higher dilution. Mine B and Mine E have always employed the 
bord and pillar collapse technique, while Mine D utilizes the bord-
only collapse technique. Figure 9 illustrates how the bord-only 
collapse technique incurs higher dilution than bord and pillar 
collapse.

Pit flooding
Opencast pillar mining operations are also heavily affected by 
large quantities of water, which result in the pit being flooded as 
can be seen in Figure 10. According to the experts in this field, 
the flooding is caused by water that was pumped back into the 
old mines when they ceased operation. This water needs to be 
pumped out before the pillar coal can be extracted. However, it 
was observed that spontaneous combustion starts to occur after 
pit dewatering. This was also noted by Philip, Uludag, and Chabedi 
(2011).

Highly undulating coal seams
One of the operations visited was found to be severely affected 
by excessively undulating coal seams. These undulating coal 
seams also contain some old workings. This makes the opencast 
pillar mining process even more complex. Figure 11 shows a 
stratigraphic section of the undulations.

Drilling and blasting technique
There are two main types of drilling and blasting techniques in 
opencast pillar mining; bord-only collapse and bord and pillar 
collapse. These drilling and blasting techniques are aimed at 
preventing the ingress of air into the old workings, stabilizing the 
beam, and eliminating the occurrence of sinkholes. During the 
field investigations it became apparent that opencast pillar mining 
operations often struggle to identify the most suitable technique. 
The mines visited were found to have switched between the two 
blasting techniques as shown in Table VI.

The changes in Table VI are a result of several factors such 
as dilution, coal losses, and health and safety. For example, 
Laybourne and Watts (1990) conducted a study in which a mine 
switched from the bord-only collapse to the bord and pillar 
collapse technique with the aim of minimizing excessive dilution. 

However, converting from one technique to the other has an effect 
on the drilling and blasting processes. The changes that can be 
expected when converting from the bord-only to the bord and 
pillar collapse technique are shown in Figure 12 and Table VII. 

With the bord-only collapse technique, the pillars remain 
intact (standing) or semi-collapsed after blasting. This results in 
waste material (blasted overburden) falling and filling the bord 
voids around the standing pillars. This technique may result in 
excessive dilution and minimal coal losses due to top-ofcoal 
scalping. On the other hand, the bord and pillar collapse technique 
results in good segregation between the pillar coal and waste 
material. This is due to the simultaneous blasting of the pillars 
and the overburden. Although dilution is significantly reduced, 
this technique may result in an interlock of roof coal and waste. 
Minimal dilution may still be experienced on the borderline of the 
roof coal and the overburden. The expected outcomes of the two 
blasting techniques are shown in Figure 13.

Deciding between the bord-only collapse and the bord and 
pillar collapse blasting techniques can be difficult, not only 
for new mines but also existing mines that seek to convert. 
In general, the major challenges expected were identified as 
spontaneous combustion, sinkholes, incompetent roof strata, 
excessive dilution, pit flooding, and tramp material. Any opencast 
pillar mining operation can expect to encounter one or more of 
these challenges. These challenges were found to originate from 

Figure 7—Orientation of opencast mining strips relative to the pillars in 
the old workings

Figure 8—Comparison of dilution between the bord collapse and the bord 
and pillar collapse techniques

Figure 9—Amount of dilution between pillars due to the bord collapse 
blasting technique

Figure 10—Water inundation in two of the opencast pillar mines visited
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risk factors associated with the old workings. The three main 
risk factors are (1) unknown conditions of the old workings, 
(2) partially known conditions of the old workings, and (3) 
inaccurate information on the pillars in the old workings. When 
the conditions of the old workings are unknown or only partially 
known, detailed information such as pillar dimensions, pillar 
centres, roof thickness, and coal seam undulation are unavailable.

As such, a process flow chart for selecting the most suitable 
blasting technique based on the availability of information is 
proposed. The flow chart (Figure 14) consolidates the findings 
from the mine visits and provides a guideline for the selection of 
the most appropriate blasting technique. This flow chart takes 
into consideration the risk factors and the possible challenges 
that can be experienced during operation, which are influenced by 

Figure 11—Stratigraphic section depicting excessive undulation of coal seams in an opencast pillar mining operation

   Table VI

   Changes in drill and blast technique

   Mine  Number of  Average thickness  Initial blasting  Current blasting  Reason for the 
 pillar seams of pillar seams technique technique change

   A  1  3 m roof and 4 m pillars  Bord-only collapse  Bord and pillar collapse  Failure of the beam strata above old  
     workings – machines falling into bord voids
   B  3  8.5 m, 7 m and 5.8 m pillars  Bord and pillar collapse  Bord and pillar collapse  Highly undulating coal seams
   C  1  3.2 m pillars only  Bord and pillar collapse  Bord-only collapse  Machines falling into sinkholes  
     originating from bord voids
   D  3  1.5 m roof, 4 m pillars, and 1 m floor  Bord-only collapse  Bord-only collapse  Excessive dilution incurred
   E  2  Unspecified  Bord and pillar collapse  Bord and pillar collapse  Excessive spontaneous combustion

Figure 12—Drilling and charging patterns for (a) bord-only collapse and (b) bord and pillar collapse

   Table VII

    Comparison of the drilling and blasting changes when converting between the bord-only collapse and the bord and pillar collapse 
techniques

   Parameter  Bord-only collapse  Bord and pillar collapse

   Number of drilled holes  Unchanged  Increased (pillar centre holes)
   Total drilled metres  Unchanged  Increased (drilling to pillar floor)
   Duration of drilling  Unchanged  Increased
   Total explosives per delay  Unchanged  Increased
   Total blasting accessories used  Unchanged  Increased
   Stemming length  No stemming (hot holes)  Stemming required
   Stemming material  No stemming  Chippings or slag
   Hole diameter (mm)  250 to 311  127 to 165
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the availability of information regarding the old workings. Based 
on this information, the appropriate blasting technique can be 
selected.

Health and safety
As opencast pillar mining is a complex and challenging 
undertaking, health, safety, and the environment are other major 
aspects for consideration. A number of unique incidents and 
accidents have been reported from the opencast pillar mines 
which were visited. These incidents were found to be directly 
related to the risk factors and challenges associated with the old 
workings. A total of 21 incidents were identified. These incidents 
include first aid cases, lost time injuries, recordable injuries, and 
fatalities, and involved both machines and persons. The major 
and frequently occurring incidents are summarized in Figure 15. 
All these incidents can be seen to be directly associated with the 
challenges and risk factors identified. Examples of these accidents 
include premature detonation of explosives due to hot holes, 
damage to trucks loading and transporting burning coal, and 
machines falling into sinkholes.

Conclusion
The extraction of pillars and remnant coal in previously mined 
underground bord and pillar operations using opencast mining 
methods involves some serious challenges. These challenges 
are mainly due to risk factors associated with the absence 
or partial availability of information pertaining to the old 
workings. The major challenges affecting opencast pillar mining 

were investigated. These challenges and risk factors need to 
be managed very well as they can have an adverse impact on 
productivity and safety.

A significant and valuable amount of coal can be effectively 
extracted from pillars in old workings. This requires the risk 
factors and challenges associated with opencast pillar mining to 
be managed properly. These challenges are managed differently by 
each mine as the conditions differ depending the way in which the 
underground mines operated. This requires a good understanding 
and management plan to deal with the challenges and risk factors. 
Drilling and blasting techniques and can be selected based on the 
conditions of the old workings.

Figure 13—Comparison of blast profiles between (a) bord-only collapse and (b) bord and pillar collapse

Figure 14—Guideline for selection between the bord-only collapse and the bord and pillar collapse techniques

Figure 15—Incidents related to the risk factors and challenges associated
with opencast pillar mining
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Suggestions for further studies
➤  A significant amount of coal continues to be lost due to 

spontaneous combustion. However, no study has been able 
to quantify the amount of coal lost due to spontaneous 
combustion in opencast pillar mining operations. Therefore, 
some method of quantifying thee losses needs to be 
developed.

➤  The biggest risk factor in opencast pillar mining is the 
paucity of information regarding the old workings. 
Therefore, a study of the feasibility of locating and assessing 
the condition of pillars in the old workings should be 
conducted to obtain the essential information required. This 
information can be used to extrapolate the parameters of the 
pillars and bords.

➤  The amount of water being pumped out from the old 
workings is still unknown. A study should be conducted to 
quantify the amount of water present in the old workings.

➤  An investigation into the effects of spontaneous combustion 
on the health and safety of employees and the nearby 
communities. This can be conducted through measuring the 
amount of emissions due to spontaneous combustion.
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