
 

0 
 

 

 
COALTECH RESEARCH ASSOCIATION NPC 

 
 
 
 
 
 

PROJECT 2.5.7 
IMPROVED UTILIZATION OF 

UNDERGROUND COAL 
RESERVES 

 
 

By 

 
 

Nico van Eck 
 
 
 
 
 

October 2016 
1 

                                                
1   Copyright COALTECH  
This document is for the use of COALTECH  only, and may not be transmitted to any other 
party, in whole or in part, in any form without the written permission of COALTECH. 



 

1 
 

 
 
 

TABLE OF CONTENTS OF MINING METHODS 
                                                                                                            

                        Page no. 

1. PILLAR EXTRACTION...................................................................................................3 

2. NEVID STOOPING ….....................................................................................................28 

3. STOOPING......................................................................................................................64 

4. MOBILE ROOF SUPPORT.............    ............................................................................80  

5. RIB PILLAR EXTRACTION…………………………………………..................................105 

6. LINEAR MINING – AUGER MINING…………………………..........................................133 

7. PUNCH MINING.............................................................................................................147 

8. LONGWALL AND SHORTWALL MINING – SHEARER MINING …………….............166 

9. LONGWALL AND SHORTWALL MINING – PLOUGH MINING ………..…….............178 

10. BACKFILLING ………………………………………………………………………………191 

11. MAGATAR MINING ....................................................................................................203  

12. CRAWLER VEYOR …………………………………………………………………………232 
 
 
 
  



 

2 
 

 

 
 
 
 
 
 
 
 
 
 
 

PILLAR EXTRACTION 
 

 
 

 
 

 
 
 
 
 
 
 
  



 

3 
 

TABLE OF CONTENTS 
                                                                                                                                     Page no 
1. INTRODUCTION............................................................................................... ............. 4 
2. SAFETY FACTOR....................................................................................... ................... 4 
3. ESTIMATED PILLAR SIZES OF RESERVES........ ...................................................... 4 
4. RISK RATING SYSTEM.................................................................................... ............. 4 
4.1 Pre-feasibility study for pillar extraction ....................................................................... 4 
4.2 Best mining method selection flowchart. ..................................................................... 6 
5. DESCRIBTION OF PILLAR EXTRACTION METHODS (OTHER THAN NEVID)....... .. 7 
5.1 Pillar extraction at Boschmans Colliery ....................................................................... 7 
5.2 Pillar extraction at Gloria Colliery ................................................................................ 8 
5.3 Pillar extraction at Blinkpan Colliery ............................................................................ 9 
5.4 Pillar extraction at Greenside Colliery .......................................................................... 10 
5.5 Pillar extraction at New Clydesdale Colliery – 8,5 m² pillars............................... .......... 12 
5.6 Pillar extraction at New Clydesdale Colliery ................................................................ 12 
5.7 Pillar extraction at Ermelo Mines and Usutu Colliery (pillar size 10 14 m²) ................  . 13 
5.7 Pillar extraction at Sigma, Middelbult, Twistdraai and Zululand (18m centres) ............ 13 
5.8 Pillar Extraction at Springfield and Long ridge Colliery (19 – 25m centres) .................. 15 
6. APPLICATION OF FULL PILLAR EXTRACTION AFTER 2004.....................................17             
7. PARTIAL PILLAR EXTRACTION AFTER 2004........................................................... . 18 
8. IMPORTANT POINTS RELATIVE TO PILLAR EXTRACTION..................................... 19 
8.1 Approximate safety factor of snooks during the different phases of pillar extraction .... 20 
8.2 Direction of splitting of pillars ....................................................................................... 21 
9. GUIDELINES FOR SOUTH AFRICA STOOPING......................................... ................ 22 
9.1 Mine planning .............................................................................................................. 22 
9.2 Stoop freshly mined pillars .......................................................................................... 22 
9.3 Consider all interested parties in the stooping design .................................................. 22 
9.4 Protect the active intersection in stooping (Postma) .................................................... 23 
9.5 Horizontal and vertical stress ...................................................................................... 23 
 9.6 Breaker lines.................................................................................................... ............ 23 
 9.7 Containing violent goafs and air blasts................................................................ ........ 26 
 9.8 Practical experience .............................................................................................  ...... 26 
 9.9 Ventilation................................................................................................................ .... 27 
 9.10 Dust.......................................................................................................................... .. 27 
 9.11 Equipment............................................................................................................. ..... 27 
 9.12 Speed of extraction................................................................................................ .... 27 
 9.13 Management system............................................................................................. ..... 27 
10. ACKNOWLEDGEMENT ............................................................................................. 28 
11. REFERENCES.................................................................................................. ........... 28 
 
  



 

4 
 

1. INTRODUCTION (COALTECH 2.5.2 ABSTRACT – FEB. 2003) 
 
Research has  established that approximately 1.1 billion tons of potentially mineable coal is 
still  underground in the form of coal pillars left behind from  1970 to 1997. As a result of 
current bord and pillar mining practices, this number is growing by approximately 110 million 
tons per annum, and it is estimated that . 3.19 billion tons of coal has been left underground 
in the form of coal pillars to date (2016). Vast potential exists through the application of pillar 
extraction mining methods for the increased utilisation of the coal resource. Where it has 
become necessary to extend the life of the mine, high extraction mining methods are 
generally used but these are  not practiced simply to increase extraction ratios or production. 
At present, only Sasol Mining is practicing pillar extraction extensively in the Secunda area. 
The purpose of these pillar extraction criteria is to summarise findings of this research into 
best practises for pillar extraction methods.  
 
These best practises can be summarised as:  

 2. SAFETY FACTOR  
 
Pillars with a nominal safety factor of about 1.8 and higher (using the Salomon and Munro 
formula) can be successfully extracted ( Coaltech 2.5.2).  When thin seams are extracted, a 
safety factor of 1.5 is permissible provided the pillar width to height ratio is more than 10. 
(Solomon and Orvavecz 1976). 

3. ESTIMATED PILLAR SIZES OF RESERVES. 
 
Pillar size plays a major role in which stooping practise to apply. Madden et al. (1995) 
investigated the dimensions of underground bord-and-pillar workings for more than 350 
panels in South Africa. The average dimensions were given as: 
 Bord width: 6.0m 
 Mining height: 2.8m 
 Pillar width: 15m 
 Depth: 101m 
 Safety factor: 2.82 
While findings from this research are that the bigger the pillar size the more feasible it is to 
extract pillars,  it has been  proven that in certain circumstances pillars as small as 10m x 
10m  can also be safely extracted.  

4. RISK RATING SYSTEM 

4.1 Pre-Feasibility Study for Pillar Extraction 
The project proposes a rock engineering risk rating system to evaluate all potential pillar 
extraction panels for possible selection as future pillar extraction panels on a prefeasibility 
level (See figure below). This pre-feasibility study is incorporated into a spreadsheet and 
available to COALTECH 2020 participants. This is then followed by a full feasibility study for 
final selection. The Chamber of Mines Research Organisation (COMRO) also give good 
guidance in this regard in Design guidelines for pillar and rib pillar extraction in South African 
Collieries” (Beukes, , 1992) 
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Figure 1 - Pillar extraction Pre-feasibility risk rating system 
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4.2 Final selection of most feasible method 
Four basic approaches to the utilisation of coal left behind in pillars are proposed in the final 
selection of the most suitable mining method. The selected potential pillar extraction panels 
are finally evaluated in a decision support system based on the Analytical Hierarchy Process 
(AHP) to select the most suitable mining approach. Various detailed mining methods are 
included in the report for the selection of a specific method or to form the basis for the 
development of a new method. The outline of the AHP process may be summarised as 
shown below.  
 
The goal of finding the best method is set. Below the goal, the criteria are subdivided into 
disciplines. The relative weighting of each criterion is determined using pairwise 
comparisons. Finally, the alternative methods are evaluated, using pairwise comparisons 
against each of the criteria. The outcomes are manipulated mathematically to provide the 
best solution. The method has been programmed into a spreadsheet, so that users do not 
need to carry out the calculations themselves. The spreadsheet programme is specifically 
designed to evaluate the problem of mining method selection, using the criteria listed above. 
 

 
Figure 2 - Best mining method selection flowcharts 
 

5. DESCRIBTION OF PILLAR EXTRACTION METHODS (OTHER THAN NEVID) 
The purpose of this stooping history follow up is to update the reader with stooping practises 
of different size pillars that have taken place in South African Collieries. 



 

7 
 

5.1 Pillar extraction at Boschmans Colliery 
Dr Gavin Lind’s work on pillar extraction (Lind, 2004) reports as per below.  

5.1.1 Equipment 
 The process uses a Joy 12HM31B Continuous Miner (CM) (with the dust scrubber 
removed) with three 10t shuttle cars. 

5.1.2 Production rate 
The system produces an average of 47.310tpm derived from a three-monthly average. They 
operate on a two shift per day basis, with 15 personnel per shift. 

5.1.3 Pillar configuration 
The two-year-old panel consists of 10.5 m² pillars, 3.8m high at an average depth below 
surface of 60m. The bord widths 6.5m and the development safety factor 1.8. 

5.1.4 Coal Quality 
Sizing of coal product varied, resulting in larger coal sizes than during development and 
could be a consequence of pillar crushing during extraction. Therefore, the picks do not 
break to their burden (pick spacing) as the coal breaks out of the face prematurely. 

5.1.5 Cost 
This was an older panel at the time of secondary extraction, therefore panel rehabilitation 
was carried out before secondary extraction. This cumulative cost with the cost of secondary 
extraction resulted in higher costs than during primary (development) mining. The mine 
reported an increase of approximately 50% to the development cost. This information is 
validated by Van Rooyen, a production manager at Douglas (Van Rooyen, Personal 
communication, 2008). Kenny, the assistant general manager in his interview concurred 
(Kenny, Personal communication, 2008). The Boschmans’ sequence is the same as that 
used for Arthur Taylor. 
 

5.1.6 Application of method 
It is important to realise that this may be a suitable method for the extraction of small 
pillars. Small pillars are found in areas that were not originally planned for secondary 
extraction, and so engineers need to develop the means to extract this reserve. 

5.1.7 Comment by N van Eck, report author  
It is unclear why the stooping was stopped and problems experienced. It is important to note 
that the kickout fender, which was left to protect the active intersection, was not mined out 
and that stooping was done on one pillar at a time and that pillars were removed  in a 
straight line. One of the success factors of stooping the small pillars is the narrow board 
width of 6.5m. 
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Figure 3 - Extraction sequence at Boschmans Colliery (Lind, 2004) 
 
 

5.2 Pillar extraction at Gloria Colliery 
Lind reports:  

5.2.1 Equipment 
Use of various types of continuous miners (Joy 12HM31, Joy 12HM17 or Joy 12HM9) were 
made with either three, nine or 18t shuttle cars. The CMs were modified to use shuttle car 
cables (to aid speedy tramming and cable handling). 

5.2.2 Production rate 
They produced an average of 50 000tpm with 12 persons on a two shift per day basis 

5.2.3 Pillar configuration 
The pillars that had stood for between five to 10 years, were 17 - 21 m² with a height of 4.75m 
and designed to a safety factor of 1.7 – 1.8. A pillar width to height ratio of 2.2 – 3.1 is acquired 
at a bord width of 6.5m. The seam mined was the No.2 Seam that were 130 – 150m below 
surface. 

5.2.4 Extraction method 
“Partial extraction using the checkerboard method (extracting every second pillar, analogous 
to the red square on a red and black checker board) was used on two panels at the colliery. 
(See the cutting sequence and fenders left in the plan below.) The pillars were extracted on a 
90º line on retreat (Lind, 2004). This was substantiated in separate interviews by Kenny 
(Kenny, Personal communication, 2008) and Van Rooyen 
(Van Rooyen, Personal communication, 2008). 
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5.2.5 Coal quality 
Coal sizes were reported to be approximately five percent larger than  the sizes in a 
development panel. 

5.2.6 Cost 
Costs were reportedly less than development as less material was required for secondary 
extraction. 

5.2.7 Problems encountered 
Geotechnical problems such as slips in the pillars causing weaknesses and pillar 
fracturing at slips and dykes were encountered. No surface subsidence was noted,  an 
indication of a value of below two for the width of the panel to the depth ratio. 

5.2.8 Safety 
A code of practice and specialised training of personnel ensured that safety was not 
compromised. 

5.2.9 Pillar extraction layout at Gloria  
 

 
Figure4 - Extraction sequence at Gloria Colliery (Lind, 2004) 
 
 

5.3 PILLAR EXTRACTION AT BLINKPAN COLLIERY 

5.3.1 Equipment 
The mine used a Joy unmodified 12HM9 CM with three 10t shuttle cars 

5.3.2 Pillar configuration 
The pillars’  centres are at  12.2m  at a height of 4.2m. The bord widths 
were 6.8m and the depth below surface was 80m (which equates to a pillar width to height 
ratio of 2.9). The section consisted of seven  roads. Slips and stringers present in the pillars 
never affected the operation.  
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5.3.3 Production rate 
An average of 44 500tpm on a two shift per day basis with 14 personnel per shift was 
produced.  

5.3.4 Mining method 
The pillars were extracted on retreat using a 90º extraction line in a similar fashion as 
described for Boschmans colliery, with the pillars  designed to an original safety factor of 1.8. 
Lind (2004) confirms that Blinkpan practiced a two Seam partial extraction operation of 
checkerboard mining on 3.5-year-old pillars There was no surface subsidence and  no other 
geotechnical problems noted. 

5.3.5 Safety 
A code of practice and specialised training ensured that no safety incidences were reported. 

5.3.6 Cost 
The costs of the secondary operations were reported as being less than the development 
costs (Lind, 2004) with this  validated by concurring report (Kenny, Personal communication, 
2008). 
 

5.4 PILLAR EXTRACTION AT GREENSIDE COLLIERY 

5.4.1 Equipment 
The mine used a Joy 12CM6 CM (modified to fit an automatic tram switch) and three 8t 
shuttle cars. 

5.4.2 Production rate 
The mine produced on a single shift operation, using 18 personnel, produced an average 
tonnage of 19 000tpm. 

5.4.3 Pillar configuration 
The bord widths were 7.5m and the original safety factor was 1.8.  Lind states: “The 13-year-
old pillars, 45m below surface, were extracted by the full extraction method”. 
 

5.4.4 Extraction method 
Lind (2004) verifies that Greenside Colliery has a long history of pillar extraction in the No.2, 
No.4 and No.5 Seams, using conventional, mechanised and checkerboard methods to extract 
pillars. The most recent on the No.5 Seam is discussed here. The operation caused surface 
subsidence of approximately one metre(indicating that the panel width to its depth below 
surface was greater than or equal to two).  

5.4.5 Extraction method for 10m²  pillars and smaller at Greenside and Ermelo Mines 
(Figure 5) 
 

 Breaker lines BL1 and BL2 were installed while the previous pillar was extracted 
 Fingerline FL1 an FL2 are installed before extraction commences 
 Breakerline BL3 and fingerline FL3 are installed after completion of cut 1  
 Fingerline FL4 was installed after completion of cut 2 
 On completion of cut 3 the CM  is trammed to the next pillar. 
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Figure 5 - Extraction method for pillars smaller than 10m  at Ermelo Mines and 
Greenside Colliery 

5.4 6 Coal quality 
The coal sizes produced were reportedly larger than a development panel attributed to the 
aging of the pillars. 

5.4.7 Safety 
Specialised training and a Code of Practice was in place. There were no adverse safety 
related incidents. 

5.4.8 Cost 
Lower overall costs of the operation were the result of lower pick consumption (Lind, 
2004). Information validated by Bob Smith, General Manager, retired,(Smith, 2008). 

5.4.9 Comment by N van Eck, research author 
These pillars were extracted by installing fingerline timber support. In today’s practise 
personal is not allowed to enter unsupported (Roof bolts) roof to install limber support. 
 
5.5 PILLAR EXTRACTION AT NEW CLYDESDALE COLLIERY – 8,5 m² PILLARS 
 “This full extraction, mechanised operation on the No.2 Seam extracted 
pillars that were over 20 years old and approximately 60m below surface. The pillars 
extracted were 8.5 m² and had a height of 3.6m (pillar width to height ratio of 2.4) designed to 
a safety factor of 1.8 with bord widths being 7.5m,” states Lind (2004.  
 
Furthermore he says that no layout was reported by the mine. A Joy 12HM9 CM (modified to 
fit an automatic tram reverse switch) with three 8 ton shuttle cars produced an average of 
38,000tpm on a two shift basis with 14 personnel per shift. Spalling of the sidewalls during 
extraction, together with high densities of slips and bands of sandstone and floating stone, 
were reported during extraction.  
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Surface subsidence of approximately 1.2m was noted (again a function of a large ratio, two or 
greater of panel width to depth below surface). Larger coal sizes than with development panels 
were reported. Costs were lower than for development panels, a result of lower pick 
consumption. A Code of Practice and specialised training resulted in no significant influence 
on overall safety being reported(Lind, 2004). 

5.5.1 Equipment 
A Joy 12HM9 CM (modified to fit an automatic tram reverse switch) with three 8 ton shuttle 
cars. 

5.5.2 Production rate 
The mine produced an average of 38,000tpm on a two-shift basis with 14 personnel per 
shift. 

5.5.3 Extraction Method 
No layout was reported by the mine. 

5.5.4Pillar Configuration 
Lind (2044) states that “this full extraction, mechanised operation on the No.2 Seam 
extracted pillars that were over 20 years old and approximately 60m below surface. The 
pillars extracted were 8.5 m²  and had a height of 3.6m (pillar width to height ratio of 2.4) 
designed to a safety factor of 1.8 with bord widths being 7.5m”.  

5.5.5Problems Encountered 
Spalling of the sidewalls during extraction, together with high densities of slips and bands of 
sandstone and floating stone, were reported during extraction. Surface subsidence of 
approximately 1.2m was noted (again a function of a large ratio, two or greater of panel width 
to depth below surface). 

5.5.6 Coal Quality 
Larger coal sizes than with development panels were reported.  

5.5.7 Cost 
Costs were lower than for development panels, a result of lower pick consumption. 

5.5.8 Safety 
A Code of Practice and specialised training resulted in no significant influence on overall 
safety being reported (Lind, 2004). 
 
5.6 PILLAR EXTRACTION AT ERMELO MINES AND USUTO COLLIERY  
(PILLAR SIZE BETWEEN 10 – 14m²) – Reported by Beukes 
At both mines the roof consisted of composite sandstone. The pillars were split at a 45 degree 
angle. The extraction method as well as the support used is shown on the stooping layout 
below. (Figure 6) 

 BL 1and 2 FL 1and 2 were already installed while stooping of the previous pillar took 
place 

 The first cut then being made and FL3 is being installed 
 Cut 2 is then made and FL4 installed 
 Then cut 3 is done and Fl5 installed and cut 4 completed and FL 6 installed 
 Then cut 5 is completed. 
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Figure 6 - Extraction method for a 13m pillar at Usutu Colliery and Ermelo mines 

5.7 PILLAR EXTRACTION A SIGMA, MIDDELBULT, TWISTDRAAI AND ZULULAND 
ANTRACITE COLLIERIES – 18M CENTRE PILLARS (J S BEUKES 1992) 
This stooping method was used at Sasol mining before the introduction of Nevid stooping.  
5.7.1 Machines description 
Joy on board HM 9 and 31 CM  with three nine-ton Joy shuttle cars 

5.7.2 Stooping method 
At Twistdraai mine the pillars of a seven road development stooping panel were mined out 
immediately after development. The stooping was done by mining one pillar out at a time and 
in sequence, although there are certain minor differences in the cut and support method. 
 
The extraction methods of the mines are very similar. Below is a layout of the stooping method. 
Breaker lines 1 and 2 were installed when the last pillar of the previous rows of pillars was  
extracted. The pillar to be stooped is  then split in the centre with a six or 7,2m development 
leaving a six metre rib on both sides. The individual rib is  then mined out with cut 1 to 6, 
leaving a small snook at the end of each cut. After completion of Rib 1, Rib 2 is mined out.  
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Figure 7 - Pillar extraction at Middelbult, Twistdraai and Zululand Anthracite Collieries 
 
Initially timber breaker lines were installed, but this caused a timber pole scarcity, so  the 
breaker lines were  changed to roof bolt breaker lines at a lower cost and improved safety 
with less manhandling of material 

5.7.3 Productivity 
Productivity was at least 20% higher than during the development phase and at lower 
cost/ton due to less roof bolting and improved pick consumption and higher productivity. 
 
5.7.3 Problems encountered 
Although this stooping method has been done successfully for several years at Twistdraai, 
Brandspruit and Middelbult mines, violent goafs were experienced, resulting in a fatality, 
when the CM  with the driver inside was overrun by the goaf. This has happens at least two 
to three times per year, per mine. Due to abovementioned incidents, miners tended to leave 
bigger snooks than planned causing very low coal extraction factors (See full description at 
Nevid stooping). 

5.7.4 Comment by N van Eck, report author  
During this stooping method period horizontal stress and the effect of it was not recognised. 
It is necessary to note  that the active intersection snook was extracted and that most of the 
machine closures happened near the active intersection. The initial safety factor of the ribs 
after splitting was too low causing unwanted rib failure. 
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5.8 PILLAR EXTRACTION AT SPRINGFIELD AND LONG RIDGE COLLIERY (19 – 
25MCENTRES) 
The pillar sizes at Springfield were 19.5m and 19m  at Longridge near the outcrop. As the 
mining depth increases under the mountain, pillar sizes increased to  
25m, then 33.5m and eventually 40m. 
 

5.8.1 Stooping method 
The original stooping method at both collieries consists out of two five metre wide 
developments that divide the pillar into three five metre wide ribs. As the mining height 
varied between 2.8 and 3.5m  and the width to height ratio is less than two , premature 
failure occurred. Changes made to the breaker-line support and extraction sequence at 
Springfield did not solve the problem. 
 
 

 
Figure 8 - Stooping at Springfield and Longridge Collieries 
 
As a result the extraction method was  The extraction method and support is as shown in the 
figure below. The cuts leave a fender at the end of the cut of two to 2.5m  and are left to 
crush. This change was proven to be successful. 
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5.8.2 Successful method of stooping the larger pillars at Springfield 

 
Figure 9 - Successful stooping method changes at Longridge Colliery 
 
Figure 10 below shows the changes made to stooping the larger pillars which proved to be a 
success. Take note of the Active intersection protecting snook that was left. 
In this case a second breaker line was installed after the completion of cut 2. 

 
Figure 10 - Longridge Colliery successful stooping method 
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5.8.3 Comment by N van Eck 
Note the fender on the left is not mined, to protect the active intersection. 

6. APPLICATION OF FULL PILLAR EXTRACTION AFTER 2004 
The pillar extraction processes discussed highlight developments prior to the research 
conducted by Lind (2004) that focus on recent techniques in the Witbank and Highveld 
fields. It must be remembered that significant rib-pillar extraction and its derivatives was 
practiced prior to 2000 and that the specific application of developing and extracting ribs has 
lost favour with the mines. Reasons for loss of popularity included lower outputs during 
development phases. The tendency is to go for smaller ribs (more pillar like) during 
development.  
 
The research by Beukes (1992) discusses this method, which  was widely practiced in the 
Sasol group.  
 

 The general concern that most mining companies have regarding pillar extraction 
relates to the safety aspect of the mining technique (Lind, 2004). Of the cases 
presented here, only two are still conducting pillar extraction. 

 The partial pillar extraction techniques are considered a lower safety risk than the full 
pillar extraction method which mines stopped largely because of risk (Lind, 2004). “In 
four cases the mechanised mining method was used. The choice of mining 
equipment appeared to be company dependant and determined largely by the height 
of the seam being mined (with general modifications to the CM, by either lowering it 
or removing the dust scrubber),” reports Lind (2004). 

 The physical dimensions varied, but none of the safety factors were less than 1.8. 
This is not surprising as these pillars are recent and were created using the pillar 
design formulae. A safety factor of 1.8 – 2.0 is recommended when pillar extraction is 
rapid and mechanised. 

 The depths of the operations also varied according to the seam being mined (which 
had an influence of whether there was surface subsidence). In all cases barrier pillars 
the same width as the panel pillars separated the panels. 

 Except for Arthur Taylor Colliery it is unclear whether these pillars were designed 
with the intention of being extracted. At Boschmans Colliery the age of pillars before 
extraction at imply that a decision to extract the pillars was done before the effects of 
ageing became a problem. 

 Apart from local geotechnical issues (such as slips and dykes in some 
circumstances) creating localised problems, the effects of ageing were (20-year-old 
pillars in the case of New Clydesdale Colliery) noted by three of the operations in that 
coal sizes produced were larger than the sizes produced with primary bord and pillar 
development. This factor also contributed to the pick consumption being lower, 
resulting in overall lower operating cost. The pillar slabbing present, did not adversely 
affect the safety of the operation (Lind, 2004). 

 For Arthur Taylor Colliery, where extraction immediately followed the development, 
no significant changes in coal sizing or operating costs was reported. Boschmans 
reported a cost increase of 50% to the development costs, due to panel preparation 
before secondary extraction could commence. 

 Surface subsidence was encountered with each of the operations ranging from 1.0 to 
3.0m which is a function of the depth of the panel below surface and the width of the 
panel (McKennsey, 1992). 

 Lind (2004) states that each of the operations conducted specialised training of the 
personnel and had a code of practice in place. 

 Production associated with pillar extraction was generally lower when compared to 
development bord and pillar panels. 
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 The number of personnel was dependant on the company protocol, but was 
generally less than bord and pillar development panels. 

 The panel extraction layouts were all on a 90º extraction line, extracting one pillar at 
a time in a sequence starting from the goaf edge. It is only with the NEVID method 
that they interact with the second pillar due to CM  ergonomics before completing the 
first pillar (Lind, 2004). 

 In all cases use of roof bolt breaker mines was made to prevent the goaf from 
entering the workings. This is considered normal practice in South Africa when CM 
are used (Galvin, 1993). Galvin (1993) further noted that burial of the CM  in South 
Africa was associated with taking the last one or two lifts of a fender. In terms of 
controlled goafing, snooks are deliberately left to act as a temporary support. The  
practice of leaving of snooks is not favoured by the old miners, who believe that it 
was bad practice as  it would transfer stress to unsuitable localities. This practice 
differs from operation to operation, but generally leads to approximately 85 to 90% of 
the pillar being extracted. Burial of the CM were reported at Arthur Taylor and 
Boschmans Collieries. No indication as to the repercussions in terms of production 
losses and extent of equipment damage was given (Lind, 2004). 
 

 7. PARTIAL PILLAR EXTRACTION, AFTER 2004 
The partial pillar extraction techniques discussed by Lind (2004) are  either 
Checkerboard, split and quartering - referred to as pocket and fender by Fauconier & 
Kersten (1982)) or the NEVID method. Lind (2004) notes the NEVID method can also be used 
as a full extraction method. “This mining technique intends to increase extraction from the area 
without causing goafing from the area. The major consideration with this technique is that the 
overall safety factor is sufficient to prevent collapse while engaged in pillar extraction.  
 
The factors of safety of these operations were either 1.7 or 1.8 when the development phase 
was complete, with the pillars ranging in size from 12.2m to 21m (square pillars). The split and 
quarter operations had 18m square pillars. The NEVID method however requires a minimum 
size of 24m². Generally a final safety factor of 1.2 is considered adequate for these partial 
pillar extraction operations. The age of pillars range from between one and seven years, with 
the operation mining the seven year old pillars reporting an increase in the size of coal cut as 
compared to those by primary bord and pillar developments. All the operations show very little 
in the way of structured planning (Lind, 2004) and subsequent design procedures and 
methodologies. What was used extensively was the now aged methodologies and the design 
considerations proposed by Livingstone- Blevins & Watson, (1982). It should not be ruled out 
that the pillar extraction designs were conducted by experienced rock engineering 
professionals (Madden, 1989b) and (Oldroyd & Van Rooyen, 1992). Lind (2004) identified the 
need for a standardised approach similar to that used in New South Wales, Australia (Mc 
Kennsey,1992). 
 
Lind (2004) developed such a standardised approach for application in South Africa to be 
used by all current and future underground pillar extraction operations to limit the possible 
impacts associated with this mining method. 

8. IMPORTANT POINTS RELATIVE TO PILLAR EXTRACTION 
To quote Prof Nielen van der Merwe - the important points relative to pillar extraction are: 

 When a pillar is split, the stress on the fenders increases because the load bearing 
area is smaller 

 The stiffness of the fenders is less than that of the pillar prior to being split, because 
the w/h ratio is less 
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 Therefore, the probability of the fender failing in the first place, and failing violently in 
the second place, is higher 

 The system stiffness depends on the number of pillars in a panel — the wider the 
panel, the softer the system and the greater the possibility of violent failure. System 
stiffness is reduced by non-continuity of the overburden — faults and dykes. Reduce 
the system stiffness and increase the probability of violent failure (Van der Merwe & 
Madden, 2002). 

 
Figure 11 shows that the next panel should be stooped in a direction which places the goafs 
together and mining direction is away from the goaf. 

 
Figure 11 - Stooping direction away from the old goaf (Van Der Merwe & Madden, 
2002) 
 
8.1 Approximate safety factor of snooks during the different phases of pillar 
extraction (Van der Merwe & Madden 2002) 

 
Figure 11 - Approximate safety factor of snooks during the different phases of pillar 
extraction (Van Der Merwe & Madden, 2002) 
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8.2 Ideal goaf position up to last line of snooks (Van der Merwe &  Madden, 2002) 

 
Figure 12 - Ideal goaf position up-to last line of snooks 
 
Due to the high risk of constant changing of horizontal stress concentration and the stooping 
team not always reading the change in horizontal stress, the  goafing activity must be kept 
away from the pillar extraction activity (D. Postma,).  

8.3 Direction of splitting of pillars  

 
Figure 12 - Pillars should always be split at right angles to the goaf (Van der Merwe & 
Madden, 2002) 
 
One of the most important factors to consider in the stooping and pillar splitting process is 
that the stooping crew always have an option to control the violence of the goafing action  by 
leaving a stopper pillar ( D Postma, ).  
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8.4 Pillar splitting direction (Van der Merwe & Madden 2002) 
Figure 13 shows the suggested pillar splitting direction for chequerboard mining. The pillars 
should be split uniformly in one direction at right angles to the long axis of the panel.  
 

 
Figure 13 - Correct stooping direction at right angles to the long axis of pillar 

9. ADDITIONAL GUIDELINES FOR SOUTH AFRICAN STOOPING PRACTICES  
These guidelines is written in addition to the guidelines written by JS Beukes in the COMRO 
report, Design Guidelines for Pillar and Rib Pillar Extraction in South African Collieries. 
(1992).  Below is a summary of the research done of the present stooping practices.  

9.1 Mine planning 
To optimise a stooping operation and reserve utilisation, the stooping of pillars should be 
considered in the mine design, thus  ensuring that pillar sizes are  optimal for stooping. The 
numerical modelling process, which is a non-elastic computer model, should be followed. 
The model has to be calibrated periodically with the operational observations for more 
accuracy (D.Minney).  

9.2 Stoop freshly mined pillars 
Stooping of freshly mined pillars is safer and  requires no re-support and is still near installed 
infrastructure. They are  mined at a higher production rate than development and are 
cheaper in rand/ton mined than older pillars away from the mine’s water, electricity and 
conveyor belt infrastructure. 

9.3 Consider all interested parties in the stooping Design 
During the stooping method design, one of the most important design members is an 
experienced rock mechanic engineer. The stooping design team must include all parties 
involved with the stooping operation. Different Rock Engineering Programmes exist and the 
rock behaviour must be simulated with such a programme before stooping starts ( D Postma 
& D Minney).  
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9.4 Protect the active intersection in stooping (D. Postma) 
The Safety in Mines Research Advisory Committee (SIMRAC) initiated research into fall of 
ground in South African collieries, led by Dr N van der Merwe, who says that it is not 
surprisingly that it was found that the majority of all roof falls occurred at intersections, 
responsible for 66% of the total. Bearing in mind that intersections account for approximately 
30% of the total exposed roof, it means, that one is more than four times as vulnerable to a 
roof fall injury, in an intersection, than in a roadway. The roof fall rate in the United States of 
America (USA) is eight to 10  times greater in intersections than in roadways (van der Merwe 
et al, 2001). Beukes (1989) also refers in his research report to the fact that most of the 
machine closures in Rib Pillar mining occur near the active intersection.   

9.4.1The following is an extract from an American magazine in connection with the 
high risk in not protecting the stability of the intersection where stooping operations 
are done from, called the active intersection: 
“Roof falls that occurred during pillar extraction have claimed the lives of 67 miners since 
1982. Of these, 21 were killed in 17 separate incidents involving the final stump or last lift 
(Christopher Mark, Chief, Rock Mechanics Section, NIOSH).  

9.4.2 Design of the active intersection with a protecting snook (kick-out fender) 
This design parameter was taken from abovementioned document: Preferably the attempt 
should be to design a stooping method without an active intersection. If an active 
intersection is in the stooping design the kick-out fender should be:   

 large enough to provide effective support to the roof above the intersection 
 small enough that it does not prevent the main roof from caving.  

The basic elements of the final snook design are described in abovementioned document 
(see Nevid stooping description at Exxaro Tavistock mine). In latest American and South 
African stooping practises, the last snook is left to protect the active intersection (called the 
stump or kickout fender).  

9.4.3 Roof span of the active intersection 
The roof span of the active intersection should not exceed the critical dimensions. This may 
occur with excessive sidewall scaling of old workings, off line mining practices, etc. The risk 
of excessive roof span should be controlled by special designed support methods (mine 
poles, roof anchors, additional roof bolts, etc.) 

9.4.4 Releasing gas and water pressure from the active intersection roof ( Postma, 
YEAR) 
Irrespective of horizontal and vertical stress on the active intersection roof, the parted roof 
layers get filled with water and gas which exert additional pressure on the roof strata layers. 
This increases the risk of an active intersection rooffall. It is important to drill effective length 
and density of gas and water pressure releasing holes at the active intersection centre. 
These holes must be kept open and inspected visually with a feeler gauge to evaluate 
vertical and horizontal roof layer movement before the intersection becomes an active 
intersection (See Tavistock Nevid report).  

9.5 Horizontal and vertical stress  
Research indicates that not enough consideration has been given to the role that horizontal 
stress plays in stooping operations. The only indication of this comes from the influence of 
horizontal stress at Bosjesspruit stooping and Tavistock stooping. From work done by 
reputable rock mechanic engineers, Postma,  van der Merwe and Dave Minney it is clear 
that horizontal stress at South African coal mines varies an estimated two to seven times the 
vertical stress. The nearer to the surface, the higher the horizontal stress ratio to vertical 
stress. The general direction of horizontal stress is localised for the mining area. The stress 
concentration constantly changes as the stooping or longwall goaf configuration changes.  
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Due to this fact, the influence of horizontal stress must be considered in the stooping layout 
design and managed during the full stooping operation. This horizontal stress phenomena 
also exists in Australian and American coal mines (personal discussion with mining 
engineers active in Australia).  

9.5 1 Horizontal stress training programme 
Coaltech specifically developed  a training programme with the aid of experienced rock 
mechanic engineers such as Minney and Postma, the  Coaltech Horizontal Stress 
Educational Programme.   

9.5.3 Training 
Training of all personal involved in the stooping operation is undertaken in order for them to 
understand that the influence of horizontal stress on the stooping operation is of utmost 
importance. This also assists  the stooping crew to understand the importance of standard 
cutting sequence. 

9.6 SELECTION OF BREAKER LINE SUPPORT 
The purpose of breaker line supports in pillar extraction is to prevent the immediate roof 
slabbing from the goaf side into roadways. The ideal breaker line forms a sharp edge across 
the roadway, causing the immediate roof to break off on the goaf side - hence the name. To 
perform this function, a breaker line must be stiff and strong enough be spaced close 
enough together. There are three basic types of breaker lines: mine poles, roof bolts and 
mobile hydraulic prop systems (Van der Merwe & Madden, 2002). 
 

9.6.1 Mine pole breaker lines 
A common type of arrangement for a mine pole breaker line is shown in Figure 5.8. It 
consists of a double line of mine poles spaced one metre apart, supplemented by a finger 
line running diagonally across the roadway. Breaker lines and finger lines have to be cut the 
right length and must be firmly wedged against the roof. It is customary for breaker lines to 
be installed a short distance from the pillar edges to prevent the mine poles being knocked 
over by rocks sliding out of the goaf. The disadvantages of mine pole breaker lines are that 
they are labour intensive to transport and install, cumbersome to install properly (especially 
at high mining heights) and require people to work near the goaf edge during their 
installation. At higher roof heights they occasionally still get knocked over by rocks sliding 
out of the goaf. Due to the risk involved this method, it is not favoured in the South African 
stooping operations. 
 

 
Figure 14 - Mine pole breaker lines(Van der Merwe & Madden, 2002) 
 

9.6.1.1 Advantages of timber breaker lines 
This has the  advantage of showing warning signs of an impending roof failure, such as 
cracking noises and obvious signs of increased load. To the experienced miner, ‘timber 
talks’, implying that it gives an audible warning (Van der Merwe & Madden, 2002). 
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9.6.1.2 Disadvantages of timber breaker lines 
 Where mining heights are in excess of 3.5m, it even becomes difficult to get mine 

poles of the right length 
 The inflow of goaf from time to time kick out some of the timber poles in the breaker 

line 
 It is labour intensive and difficult to install and places the installation team working 

near the goaf edge at risk.   
 
Research has shown  it is not used in modern stooping practises. 

9.6.2 Roof bolt breaker lines 
Roof bolt breaker lines perform the same function as timber breaker lines. They usually 
consist of a double line of full column resin grouted bolts across the roadway, spaced at one 
metre apart. Roof bolt breaker lines come into their own in relatively strong strata, as they 
are particularly successful in areas where a strong sandstone beam overlies laminated 
material. They are often the most economical safe solution at high mining heights. It is 
important for the roof bolts to be long enough to penetrate  the sandstone beam. They must 
be full column resin bonded for stiffness, and should ideally be installed during development, 
before the stooping- induced movements start taking place.  

9.6.2.1 Advantages of roof bolt breaker lines 
The advantages of roof bolt breaker lines (shown in plan in Figure 5.9) are that they:  

 Are easier to install 
 Can be installed during development (which is safer than working at the goaf edge) 
 Are not affected by mining height  
 Require less labour 
 If pre-installed, their installation does not hamper the process of pillar extraction” 

(Van der Merwe & Madden, 2002) 
 Are less expensive than mobile breaker lines or timber breaker lines 

9.6.2.3 Disadvantages of roof bolt breaker lines 
The major disadvantage of roof bolt breaker lines is that they give less warning of changing 
conditions. This problem is usually overcome by installing a single timber prop in the centre 
of the roadway, the so-called ‘policeman stick’. Research has  shown that roof bolt breaker 
lines are  favoured in modern stooping practises.  
 

 
Figure 15 - Roof bolt breaker lines (Van der Merwe & Madden, 2002) 
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9.6.3 Mobile breaker lines 
A mobile breaker line consists of a set of four hydraulic props in a frame. It resembles a 
longwall shield with a flat steel roof, mounted on cat tracks. The units are remote controlled, 
and are used in pairs, parked side by side in the roadway. 
 
Being mobile, they are moved forward after each cut into a pillar, following the CM. Beukes 
(YEAR) highly recommend MRS breaker lines to improve the affectivity of rip pillar extraction 
after the first trial run at Middelbult mine. 

9.6.3.1 Advantages of mobile breaker lines 
 The loads they generate can be adjusted to suit specific roof conditions. 
 They are always close to the CM 
 Safe to operate  
 Low on labour requirements.  

9.6.3.2 Disadvantages of mobile breaker lines 
 They require a relatively obstruction-free floor 
 High capital outlay as their use increases 
 Required maintenance and they may break down 
 The varying load cycles they impart on the roof has been seen to cause, especially 

on jointed roof, to fall and, in instances, where they are not moved forward on time, 
may themselves be covered by goaf collapse. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 16 gives a schematic of the positions of mechanised mobile breaker lines ( Minney, 
YEAR) 
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Figure 16 - Mobile breaker lines (Van der Merwe & Madden, 2002) 
 
They are not used locally, mainly due to the high capital cost (Van der Merwe & Madden, 
2002). 

9.7 Containing violent goaf and air blasts 
One of the highest risks in stooping is a goaf that hangs over a large area, which when  it 
comes down is violent, causing destructive air blasts and goaf overruns. Containing this risk 
must be considered in the stooping design (e.g. See Stopper pillars at Tavistock Nevid and 
Sasol mining Nevid). The stooping method design should be such that stopper pillars can be 
left to contain the violence of the goaf. The development of an effective goaf pre-warning 
system will assist the stooping crew when to expect such an air blast. New Denmark Colliery 
used such a system with success at the longwall faces, called the “Goafwarn” system. 
(Minney, YEAR).Sasol Mining is testing such a system, but still experience calibration 
correctness with it (Postma, YEAR). 

9.7.1. Stopper pillars 
As described in the Sasol Mining and Exxaro (Tavistock) Nevid stooping examples, the 
purpose of a stopper pillar is to:  

 Compartmentalise goaf falls to prevent goaf machine overruns and reduce the 
violence of the goaf 

 Prevent roof overrun into the section in cases when stooping is done at 90 degrees 
with the horizontal stress direction. 

9.8 Practical experience 
The composition and local strata plays a major role in stooping and stooping sequence. 
Practical experience on collieries such as Ermelo Mines and Zululand Anthracite has proven 
that extraction sequence in one part of the mine can prove hazardous in another part of the 
mine as geological conditions and horizontal stress vary in different areas. The practical 
sizes of critical fenders need to be tested in practise (See Nevid stooping at Tavistock).  

 9.9 Good ventilation practices 
Ventilation to prevent a gob fire and to reduce the methane ignition risk is one of the most 
important factors to consider. In stooping, ventilation design parameters should include:  

9.10. Dust 
Due to the increased focus on dust, stooping needs to be done with the CM  dust scrubber 
on. This is one of the reasons why the goafing activity to be kept a distance away from the 
pillar removal activity. 

9.11. Equipment 
In most cases stooping is done with a remote control CM  and shuttle cars designed 
to the mining circumstances.  

The cut design must be such that the CM  can be retrieved in line in case of a 
machine breakdown or goaf overrun. This angle of cut varies between 45 and 60 
degrees on different mines. 
CM retrieval equipment should be considered part of the stooping equipment. The 
early retrieval of a CM  during stoppage or closure in the fender removal cut can 
prevent a catastrophic event and production delays. It is good practice to have a 
dedicated trained team to maintain and operate the equipment.   

9.12. Speed of pillar extraction  
Speed of extraction plays a major roll on the success of stooping. The fender and snook 
support ability (see Figure 8.11) diminish over time until failure. After splitting a pillar a 
limited amount of time is available to remove it. All stooping productivity downtime must be 
eliminated as far as possible.  
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A few examples of this:  

 All machine availability and maintenance must be of a high standard 
 Conveyor belt availability must be high 
 No pillar in the process of stooping to be left over weekends, Public holidays or the 

mines non-production time 
 Shift changeover must be such that there is no downtime when a critical portion of 

the pillar is in the process of extraction 
 The shift system must be such that it creates the minimum production downtime 
 Cleaning the coal floor with the CM  to prevent the machine getting stuck on loose 

coal and debris prevents machine removal downtime 
 Cable downtime can be of the highest downtimes experienced in stooping. This can 

be prevented by high cable standards and the prevention of cable damages 
 Breaker line support downtime can be delayed by pre-installation of roofbolt breaker 

lines or the introduction of mobile breaker lines 
 Retrieval of equipment availability, organisation and maintenance must be such that 

a machine can be recovered with the minimum time loss 

9.13 Management system (. Postma, YEAR) 
Modern stooping follows more a systematic approach. The elements of this approach 
include:  

 Cutting sequence; the cutting sequence must be easy to understand and be without 
steps that are not clear 

 Training of all personal involved in the stooping process in the stooping method so 
that the consequence of deviation from the cutting sequence is understood 

 Responsibilities of all  interested parties must understand, that ie, what their  role and 
responsibility in the stooping process is (see description of Nevid stooping).  

 Discipline must be adhered to through the stooping standards and specifically to the 
cutting sequence, which is important for the success of stooping. Any deviations from 
standards can only be done with permission of the delegated authority 

 There must be a trigger action plan in place for the stooping process to  enable the 
stooping crew to know what to do in certain circumstances. This is important 
specifically in horizontal stress changed conditions. 
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1. INTRODUCTION 
 

The NEVID stooping management system started its development at Sasol’s Bosjesspruit 
mine during 1998.  It was developed after Sasol Mining experienced difficulties in controlling 
goaf overruns while mining the number four lower coal seam. These overruns caused several 
Continuous Miners (CM) to be trapped in the goaf, requiring the retrieval of the machine at 
severe risk to personnel as well as high production and financial losses. 
 
Investigations identified  horizontal stress concentration as a major contributing factor to goaf 
overruns, while   the ineffective support of the highly stressed roof layers during stooping 
operations also caused rapid and uncontrolled goaf overruns. To mitigate the risk, and to 
control excessive horizontal stresses and to prevent roof buckling near pillar extraction 
activities the Nevid stooping management system was designed.  
 
Since 2006 when Nevid was implemented  Bosjesspruit mine has experienced no major 
uncontrolled roof collapses in stooping sections and the Nevid method has since been adopted 
by all other Sasol Mining operations.   
 
Apart from safety improvements, the Nevid method has also improved productivity. A seven 
road panel - with pillar centre sizes of 28mr x 28m, indicated an estimated extraction rate of 
42%. On implementing Nevid the extraction rate increased to an estimated 68%  - an 
improvement of 26% . 
 

 

2. MINING LOCALITY MAP 
 

The figure below is a location map of the mining area. 
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Figure 1: Mining Locality Map 

 

3. GEOLOGY OF NO 4 COAL SEAM 

 

The number 4 lower coal seam – which is mined throughout the area - varies in thickness from 
0m to about 5.5m. The Lower Seam is separated from the Upper Seam by a thick 
carbonaceous shale layer.  Mining of the Number 4 Lower Seam occurs between 50m and 
220m below surface, averaging at about 150m below surface.  
 

 
Figure 2: Stratigraphic column 

 

 

4. REGIONAL HYDROLOGY 
 

Groundwater flows are interrupted by dyke contacts, which frequently form localised 
groundwater storage zones. Groundwater inflow into the underground mines poses a problem 
in that it negatively influences mining activities and  has to be pumped out to maintain mining 



 

34 
 

operations. Rainfall recharge can be up to three percent for bord and pillar mining and up to 
10% for high extraction mining. 
 

 

4. NEVID STOOPING MANAGEMENT SYSTEM 
 

The following information was obtained from the Sasol Mining stooping standard and a 
comprehensive animated training programme, designed to explain the dynamic stress 
changes during stooping. The training programme is developed by the Sasol Mining Rock 
Engineering Department and STS3D. 

At Sasol Mining, Nevid is successfully done at a seam height of two to four metres  seam 
depth of 90 – 180m  and average board width of 7.2m. When odd size pillars are stooped, a 
detailed cutting design and sequence are drawn up by the rock engineer.  

The Nevid stooping management system comprises the following aspects and applies to the 
current Sasol Mining reserves. All the aspects of the management system described in the 
following sections are designed to ensure stability of the active intersection from where pillars 
are extracted. 

 

5.1 MANAGING HORIZONTAL STRESS  
 

5.1.1 Stress concentrations that form around the goaf 
 
During the planning phase future stress concentrations that form around the goaf are 
demarcated on the stooping layout. The following figure indicates the stress concentration 
changes pre- and post-goaf and the variation on the extraction line according to panel 
orientation in relation to the principal stress direction. Horizontal stress concentrations are 
indicated in purple in the following diagrams. 
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Figure 3: Stress concentrations 

5.1.2 Impact of horizontal stress concentrations on goaf edge 
 
The impact of the goaf and associated stress concentrations are minimised by maintaining a 
distance between the active intersection where extraction takes place and the goaf. This is 
achieved by compartmentalising the goaf with stopper pillars that are left in-situ. The stopper 
pillar positions are aligned with the risk areas created by the horizontal stress concentrations 
relative to the orientation of the panel. 
 

 
 

Figure 4: Stopper pillar placement for different panel orientations 



 

36 
 

 

 

Figure 5: Example of most likely direction of gutter formation for a panel mining N-N-E 
direction 

 

 
 

Figure 6: Stress concentration associated with adjacent panels 

 

5.1.3 Breaker line support 
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Roof bolt breaker lines are installed to arrest roof failure. 
 

 
 

Figure 7: Depiction of breaker line standard 
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5.2 MANAGING INCREASED VERTICAL STRESS  
 

5.2.1 Design Tool 

 

The Nevid stooping works on the premise that the goaf will be managed away from the 
active intersection. Therefore a tool had to be developed to estimate the resulting vertical 
stress created by the hanging goaf. Sasol Mining Rock Engineering developed this 
mathematical tool in conjunction with SRK Consulting to determine vertical stress on the 
extraction line as the hanging goaf increases. 
 
The following is the mathematics used to determine the stress that will be induced by a 
hanging goaf.   
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Figure 8: Vertical Stress Calculator  
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5.2.1 5.2.2 Fender design 
 
Research in South Africa and the United States of America (USA) indicate that the majority of 
fatalities occur at intersections. Compliance with fender design is fundamental in ensuring 
stability of the active intersection. A fender stability design chart (Figure 8) was developed by 
Sasol Mining Rock Engineering and SRK Consulting. The direction and position of the cuts 
are demarcated underground in the roof to ensure control over fender and snook dimensions 
during cutting. 
 
 

 
Figure 9: Fender Stability Design Chart 

5.2.3 Pillar corner support 
Pillar corners are supported with side bolts to safeguard personnel from corner slabbing, 
especially where the operator of the continuous miner is positioned. The following figures 
depict the pillar corner support standard for stooping panels.  
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Figure 10: Pillar corner support standard 

5.3 Monitoring  
In addition to tell tales installed in the intersection, timber poles are also installed at pre-
determined places to detect the onset of massive failure that may not be detected with a tell-
tale. 

 
Figure 11: Policeman installation sequence 

S1 - Installed Policeman prior to cut 1 
S2 - Installed Policeman prior to cut 2 and 3 
 
 
5.4 Trigger Response Action Plan- TRAP 
 
The operators must be trained in the lead indicators that precede failure. 
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TRAP INDICATORS CM OPERATORS AND SHUTTLE CAR OPERATOR 

RED CONDITION 

The highest risk is massive ground failure on both CM and Shuttle car. 
 Ground failure on CM and/or shuttle car 

 Tell-tale triggered at workstation 

 Active joints – crushing around joint at work station 

 Spitting of pillar corners / roof 

 Fractures / cracks opening up during cutting 

 Damage to support units / buckled plates 

 Bumping, drummy  roof when cutting 

 Non-compliance to Doc. 3 parameters: 

 Road width and intersection cut too wide 

 Road cut too deep 

 Incorrect mining height 

 Policemen/ fender failure in active intersection during stooping 

YELLOW CONDITION 

 Loose slabs 

 Machine capability to enable cutting depth control 

 Defective equipment: 

 Traction control to enable online cutting 

 Indicator to enable road width control 

 Mining height control 

Table 1: CM and shuttle car operator trap 

5.5 Cutting sequence 
 

P5.5.1 Panel cutting sequence 
 
The cutting sequence is designed to ensure no stressed remnants are created. This is 
achieved by: 
 

 Pillar numbering and the extraction of pillars from the left towards the right side of panel 
 Exercising governance over pillars that must be left in situ i.e.  pillars to protect 

underground and surface infrastructure  
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 Sign-off of the stooping layout by responsible persons. 
 
The panel stooping sequence is indicated by pillar numbers P1 to P18 in the following diagram. 
The in-pillar cutting sequence from each active intersection is indicated by CUT 1 to CUT 3. 
 

 
 

Figure 12: Panel cutting sequence 

 

                   Pre-installed breaker lines      Completed pillar cuts      Planned in pillar cuts 
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5.5.2 In-pillar cutting   
 
The following figures indicate in-pillar cut positions and directional lines for 28m x 28m pillar 
centres. 
 
Where a change in ground condition is observed such as discontinuities, mining error and 
unstable skin, the in-pillar cutting methods is adjusted to mitigate the impacts of such changes. 
Adjustments could include reducing the cutting depth or abandoning the cut completely.  

 

 

 

Figure 13: In-pillar cutting 
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5.5.3 Cutting of individual lifts in normal ground 
 
Two double lifts are cut through the pillar in the top right corner, similar to the cutting of all 
pillars next to the right barrier. These pillars - with only one or two lifts cut - are left to establish 
the rest of the bleeder road around the panel.  
 
Cutting always follows the sequence as depicted in the following figure; starting from left of 
the panel, then moving to the right. All cuts are taken at a 45-degree angle to the centreline of 
the original development. Demarcation lines are installed on the roof on the side of the first lift 
(“a”-cut) to be made by the CM. This ensures that the CM operator can always easily control 
the cutting direction from a safe position.   
 
The “a” lift is cut first. The “a” lift is always shorter than the “b” lift. This enables breaking 
through into the return air side of the pillar in the shortest possible distance. The “a” lift also 
secures ‘through ventilation’ and improves dust removal and methane drainage. The “b” lift is 
taken against the most solid side of the remaining portion of the pillar being mined. This 
provides maximum protection to the CM and also makes retreat easier in the event of a 
collapse. 
 

 

Figure 14: Depiction of individual in-pillar cuts 

 

 

5.6 Demarcation of risk zones in stooping panels 
Risk zones are defined by the following: 
 
Condition ‘green’ zone: 
 Inherently stable roof and pillars – where the dimensions have not been reduced by in-

pillar cutting. 

b 

a 
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Condition ‘yellow’ zone: 
 The pillar Safety Factor in process of being reduced by in-pillar cutting 
 The roof span is in process of being increased 
 The active intersection from which in-pillar cutting is taking place. 
 
Condition ‘red’ zone: 
 Pillars where extraction is completed and the Safety Factor is reduced to less than one. In 

this zone conditions, such as overburden, roof and sidewall failures can be expected due 
to the increased stress levels and time dependent failure of the rock mass 

 The active intersection when it is within a lateral stress concentration zone 
 The goaf edge over a distance of ~10m into the working area where the highest stress 

increase occurs. The rock mass can be expected to spit and spall in this area and ejected 
into the working area 

 The goaf edge where the highest air velocity is expected during goaf formation. 
 

The following figures depict the progression of risk zones during the in-pillar cutting 
process.  
 

 
  Corner bolt 
 

  Policeman stick                 Condition Green / Low Risk 
 
  Condition Yellow / Moderate Risk                  Condition Red / High Risk 
 

Figure 15: Risk zones during Cut 1 
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  Corner bolt 

 

  Policeman stick                 Condition Green / Low Risk 

 

  Condition Yellow / Moderate Risk                  Condition Red / High Risk 

 

Figure 167: Risk zones during Cut 2 
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  Corner bolt 

 

  Policeman stick 

 

  Condition Green / Low Risk 

 

  Condition Yellow / Moderate Risk 

 

  Condition Red / High Risk 

 
Figure 17: Risk zones during Cut 3 
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  Corner bolt 

 

  Policeman stic                      Condition Green / Low Risk 

 

  Condition Yellow / Moderate Risk                Condition Red / High Risk 

 

Figure 18: Airblast risk zones during onset of goaf 
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5.7 Stooping assessment system 
 

The following assessment document is used to evaluate rock mass response in stooping 
operations and enable implementation of appropriate controls where required. 
 

 

 
 

Table 2: Underground stooping assessment 
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5.8Air blast management 
 
Air blast is managed by compartmentalising the goaf with stopper pillar placement. An air blast 
calculator was developed by Exxaro (Snyman) to manage the longwall air blasts. Sasol Mining 
adopted the calculator to determine the air blast risk of a hanging goaf area. 

 

 
 

FIGURE 192: AIR BLAST RISK CALCULATOR 

 

6. NEVID STOOPING ROLES AND RESPONSIBILITIES 

To manage the risk associated with stooping, detailed responsibilities are stipulated for 
different designations. Prior to stooping the teams must be conversant with the following roles 
and responsibilities. 
6.1 General Manager 
The General Manager shall ensure all necessary resources to enable safe stooping and 

retrieval are available. The General Manager shall also verify that an issue-based risk 

assessment is completed by all functions and adequate controls implemented prior to: 

 Stooping within or in close proximity to shaft/decline protection pillars or barrier pillars 

adjacent to main entries, sealed off areas, water compartments, etc.; 

 Changing mining method where there is no history of such mining; and 

 Stooping with on-board equipment.  

6.2 Senior Manager Engineering 
The Senior Manager Engineering shall ensure: 

 Retrieval equipment is available to enable safe and effective retrieval operations 

 Maintenance system on retrieval equipment is implemented and compliance audited  

 Licensed operators for retrieval equipment are available 
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 Competency and training of individuals expected to work in the risk area is verified 

 A system is in place to audit compliance to requirements 

 Periodic rescue drills are conducted to verify competence to use retrieval equipment 

 Relevant Planned Task Observations are performed. 
 

6.3 Mine Manager  
The Mine Manager shall: 

 Verify that all risks are identified, assessed and mitigated prior to issuing a permit to stoop 

 Verify that retrieval equipment is available and maintained to standard 

 Ensure that a mine specific standard for management of bleeder roads is in place 

 Ensure that an issue-based risk assessment is completed and that adequate controls 

implemented prior to: 

 Stooping within or in close proximity to shaft/decline protection pillars or barrier pillars; 
Ensure sign-off by the General Manager 

 Changing mining method where there is no history of such mining 

 Stooping with on-board equipment. 

6.4 Mine Overseer 
Prior to stooping the Mine Overseer shall: 
 
 Obtain a working plan of the area with updated geological mapping and information; 

 Follow document 6 and 3 process 

 Determine pillars and/or cuts to be abandoned due to the identified risks. Indicate identified 

stooping hazards on plan. In-pillar cuts may be abandoned or reduced, but not increased  

 Provide surveyor with the working plan for drafting of the layout 

 Obtain a permit to stoop from the Mine Manager prior to stooping 

 Issue Document 3, stooping layout, permit to stoop to the Shift Boss 

 Follow the Trigger Response Action Plan (TRAP) standard where current/available 

controls may prove inadequate. 

 
During stooping operations the Mine Overseer shall: 
 
 Adhere to the stooping standard 

 Audit adherence to stooping layout and standards, stooping Document 3 controls and 

special instructions 

 Update stooping plan as stooping progresses and submit to Surveyor 
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 Ensure that the guidelines for in-pillar cut position and direction are adhered to. This is to 

prevent a sudden goaf due to pillar robbing, and inadequate diagonal fender protecting the 

intersection and the CM 

 Ensure that policemen are installed to standard to enable monitoring of ground movement  

 Ensure that breaker lines for the active intersection are installed according to the breaker 

line standard prior to taking cuts 

 Ensure that pillar corner support is installed according to the standard for pillar corner 

support in stooping sections before CM operator takes up work position 

 Ensure adherence to the stooping risk zones  

 Ensure that the mine specific standard for management of bleeder roads is adhered to; 

 Ensure adherence to the cutting sequence 

 Align cutting depth, number of in-pillar cuts and stopper pillar positions with rock mass 

response as mining progresses and conditions change 

 Follow TRAP standard where current/available controls are inadequate.  
 

 
6.5 Chief Foreman 
The Chief Foreman shall ensure: 
 
 Maintenance system on equipment is implemented and compliance audited 

 Pre-use checklists for equipment are available to verify that equipment is operational  

 Pre-use checklists for equipment enable the Operator to verify that machine settings are 

aligned to Document 3 requirements 

 Checklist prompts appropriate action where deviations are found. 

6.6  
Chief Safety Officer 

 The Chief Safety Officer to audit adherence to: 
 Approved stooping layout 

 Stooping Document and special instructions. 

6.7 Learning Manager 
The Learning Manager shall: 
 
 Assess the competency of the crew prior to stooping  and provide feedback in the Permit 

to Stoop 

 Ensure miner and crew have completed stooping training. 

6.8 Shift Boss 
 
The Shift Boss shall: 
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 Comply to the stooping standard 

 Obtain Document 3, stooping layout, permit to stoop and issue to the miner 

 Ensure that the miner and crew understand the risks and adhere to the stooping layout, 

stooping Document 3 and note special instructions issued 

 Ensure that the Miner has a stooping permit and working plan 

 Notify the Mine Overseer of the first goaf to give permission for mining to continue.  

 
6.9 Miner 

 
6.9.1 Control over pillar extraction sequence 

 
The miner shall: 

 Comply to the stooping standard 
 Comply to Document 3 specification by ensuring: 

 Compliance to the correct cutting sequence according to the stooping layout 

 Only pillars indicated on stooping layout are extracted 

 Stopper pillars are left according to layout to compartmentalise and control the goaf 
away from the extraction line. This ensures that the risk of violent goaf and resultant 
air blast is managed 

 In-pillar cuts are correctly positioned and diagonal fender is mined to the correct 
dimensions 

 In-pillar cutting sequence is according to the Sasol Mining picture guideline for 
stooping. 

 
6.9.2 Control over in-pillar cutting 

 
The miner shall: 

 Demarcate the correct cutting width and direction lines against the roof and sidewall to 
ensure the correct diagonal fender dimensions 

 Ensure the direction line is visible from normal operator work area 
 Pro-actively install breaker lines and corner support in the last row of intact pillars, together 

with other preparations prior to stooping 
 Ensure the in-pillar cutting width does not exceed the width stipulated on Document 3 
 Ensure no single lift in any of the in-pillar cuts is deeper than the cable arm position to 

reduce the probability of the machine getting “trapped” between the side walls 
 Abandon unfinished cuts from previous shifts and/or following a breakdown 
 Ensure the standard three in-pillar cuts are mined to avoid back-to-back mining. 
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6.9.3 Ensuring stability at active intersection and work area 
 

The miner shall: 

 Ensure pillar corner support is installed before the CM Operator and Cable Handler take 
up work position next to the sidewall 

 Ensure breaker lines for the active intersection are installed prior to taking cuts 
 Declare the active intersection safe prior to installation of policemen  
 Supervise the installation of policemen 
 Ensure policemen are installed to standard, to monitor ground movement 
 Prohibit entry by personnel beyond in-pillar cuts towards the goaf 
 Prohibit work next to unsupported sidewalls or pillar corners. Where practicable, personnel 

must remain in the middle of the road as opposed to next to the sidewalls. 
 

The miner shall also: 

 Assess the roof, sides and pillars prior to making cuts and as stooping progresses  
 Monitor warning instruments 
 Be present when the final in-pillar cut is mined to assess conditions and give the 

permission to continue or abandon the cut according to conditions assessed. This cut has 
the biggest effect on changes in vertical stress at the operator position and could be more 
prone to instability 

 Search for indicators of failure. 
 

6.9.4 Managing effects of stress changes during stooping 
 

The miner shall assess: 

 Roof, sides and pillars prior to making cuts and as stooping progresses 
 Rock mass response by means of tell tales, policeman and rate of bumping 
 Conditions during the final cut and give the permission to continue or abandon the cut. 

This cut has the biggest effect on changes in vertical stress at the operator position and 
could be more prone to instability 

 TRAP indicators. 
 

The Miner shall also implement the applicable controls when ground conditions change: 

 Limit or abandon cuts if operator position, shuttle car or CM is at risk, for example limiting 
cutting depth to ensure CM  bumper remains at last line of bolts 

 Hole through cut1 and cut2 to minimise methane risk or limit to less than 10m; 
 Leave a stopper pillar 
 Apply the TRAP process where TRAP indicators are identified and consult with the Shift 

Boss and/or Mine Overseer in the case of uncertainties 
 Ensure that TRAP indicators are communicated to the miner on the following shift. 
 

6.9.5 Access control  
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In High risk zones the miner shall: 

 Fence off by applying the same process as for development sections, to prohibit entry of 
unauthorised personnel as high risk zones are no-go areas 

 Ensure permission is obtained as per standard Managing Entry into High Risk Areas where 
entry is required for retrieval purposes. 
 

To manage the changed risk profile during the onset of a goaf, the miner shall: 

 Withdraw personnel into the normal risk zones  
 Withdraw machinery as far as practically possible into the moderate risk zone.  

 
In high risk zones the miner shall prohibit the following: 

 Entry without permit 
 Installation of policemen 
 Installation of ventilation brattices and/or walls 
 Work on ladders 
 Equipment maintenance in air blast routes. 

 
In moderate risk zones the miner shall limit entry: 

 Into the active intersection, bleeder road and goaf edge  
 To personnel directly involved with the mining process or performing inspections 
 By fencing off applicable areas. 
 

In normal risk zones, the Miner shall comply to and enforce compliance to normal ground 
control standards. 
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3. NEVID SECTION EQUIPMENT  
 

7.1 Section equipment 
 
The in section equipment are as shown in the following table. 

 

Equipment description Number 

Continuous miner(Type depends on working height) 1 

Twin boom Fletcher roof bolter 1 

Shuttle cars 3 

Light delivery vehicles 3 

Tractor and trailer 1 

Feeder breaker 1 

Maintenance unit 1 

Miner box 1 

Artisan box 1 

TABLE 3: in-section Equipment 

 
7.2 CM extraction tool 
 
An emergency removal tool, with a specialised crew, is on standby at each mine to respond 
to situations where a continuous miner or other stooping equipment is trapped during stooping 
operations. The following figure indicates the extractor tool when in position for extraction. It 
is essential that the tool operating area is well lit. 
 

 
Figure 20: Equipment extraction tools 

Four cylinders 

Extraction chain 

Wheel 
mounted 

Chain pulling cylinder 

Operator cab 
position 
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7.3 Additional retrieval equipment 
 
The following additional equipment is used in the retrieval operation: 
 

Equipment description Application 
Load haul dumper Loading rock  
Pulling machine To pull retrieval machine 
Diesel tanker To supply diesel 
Single boom diesel Fletcher Near goaf roof support 
Single boom face drill Drilling holes for blasting big rock 
Gehl skid steer loader Moving chains of retrieval machine and other 

necessary work 
Table 5: List of retrieval equipment 

 
The following figure indicates a steel girder set that was assembled near the trapped 
continuous miner and then pushed into the goaf to enable the safe retrieval of the continuous 
miner.   
 

 
Figure 21: Steel frame retrieval set 
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8 DISCUSSION OF VARIOUS ASPECTS 
8.1 Mining method 
The cutting sequence of each individual pillar, in conjunction with the extraction sequence of 
subsequent pillars, affords maximum protection to the CM at all times. The CM always has a 
solid pillar or the strongest remaining snook next to it.  
 
The 45-degree cutting angle provides the fastest possible retreat for the CM should conditions 
require such action. Each individual pillar is marked off in terms of cutting position and direction 
prior to any cutting, with marking off according to a predetermined pillar design. The 45-degree 
cutting angle allows for much easier cutting and direction control. It further improves the 
vantage point of the continuous miner operator – enabling better control of the continuous 
miner without exposing him to high risk areas. 
 
Strict adherence to this layout ensures the consistency of fenders in situ. This provides for a 
fairly consistent - if not predictable - goafing pattern. The principal aim is to ensure that the 
goaf is kept away from the extraction line as doing so eliminates horizontal stress 
concentration on the edge of the goaf at the position where the pillars are removed.  
Maintaining the stress concentration, associated with the goaf cavity, away from the extraction 
line is achieved by means of a stopper pillar strategy. The consistency and size of the fenders 
ensures a steady and moderate goaf. 
 
During the planning stage the air blast design is done to determine the stopper pillar positions 
and spacing. The competency of overburden strata experienced, caused delayed goaf 
formations and with geological discontinuities caused cuts to be abandoned and large snooks 
to be left in situ which further delayed goaf formations. 
 
Special care must be taken in the event of mining on the weak side of joints. This includes the 
cutting of single lifts or abandoning cuts.  Should the goaf hang over an extensive area, a 
violent goaf and airblast will occur. This risk must therefore be pro-actively managed by 
applying pre-determined stopper pillar placement.  
 
The in-pillar cuts positioning plays a critical role in the strength of the remaining fender and 
subsequent goaf development and is essential to the success of this method.  Different pillar 
sizes may require different distances and even possible variation in the taking of single or 
multiple lifts through the pillars. 
 
Roof bolt breaker lines are used throughout the stooping process. They are easy to install and 
may form part of the initial systematic roof bolting during development and are provided at low 
cost. The breaker lines provide sufficient support for various pillar extraction methods in South 
Africa. Policeman sticks must be installed before commencing with cutting on the adjacent “a” 
cut. These are required as early warning devices for any potential snook failure and/or roof 
movement. 
8.2 Productivity 
 
On average the Nevid stooping gave a 15% productivity increase when compared to room 
and pillar development with the same equipment at the Secunda mining complex. 
 

8.3 Reserve utilisation  
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During development an average of 42% coal is extracted from a panel. With Nevid pillar 
extraction this increases to an average of 68%, a 26% extraction improvement. This estimate 
was done for a seven-road panel with pillar centre sizes of 28m x 28m. 
 

8.4Ventilation system 
 

Ventilation curtain installation procedure: 
 
 Install curtain at “A” after completion of cut 1 
 Remove curtain at “B” after completion of cut 2 
 Measure the velocity at point “B”, when above 1m/s proceed with cut 3& 4 
 If the velocity at points “B” is below 1m/s install curtain “C” 
 Do not remove curtain “C” if installed because it is then in the goaf area 
 After completion of cut 4, install curtain “D” and maintain the approved cutting sequence. 
 

 
Figure 22: Typical stooping ventilation layout 
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8.5 Staffing requirements 
 

A Nevid section is staffed with 13 in section workers per shift (See Table 4). Most sections 
operate on two production shifts and one maintenance/belt extension shift. Below is a detail 
description of the labour categories. This excludes the mining, engineering supervisory staff 
and services staff who partially serve this section. 
 

 
 
 
 
 
 
 
 
 
 

 

TABLEBLE 4: IN-SECTION STAFFING 

 
8.6 NEVID unit cost compared to room and pillar development 
 
In comparison with room and pillar development – using the same equipment, Nevid is on 
average 28% cheaper when measured in rand per tonne. This is due to higher productivity, 
lower pick consumption (cutting more fractured coal) and fewer roof bolt support installations. 
 
8.7 Safety 
 

8.7.1Safety history 
Sasol Mining has experienced 206 ground fall incidents from 2006 up to June 2016. Of these, 
only 4 occurred in the Nevid sections (two percent). Nevid pillar extraction is on average 12% 
of total production. The remainder 88% coal delivery is from development and blasting 
sections.  
 
8.7.2 Equipment safety 
To prevent damage to mobile machinery, the CM, shuttle cars and roof bolter are all equipped 
with proximity control sensors. Recent developments attempt to completely remove the 
operator from the risk areas. 
 
8.7.3 Goaf overrun incidents at Sasol Mining 
Since the introduction of Nevid stooping the goaf overrun incidents reduced from 14 per year 
to zero. There has not been a single incident in the last five years. To detect goaf behaviour, 
Sasol Mining is currently testing a goaf pre-warning system.   

Category Number 
Continuous miner operator 2 
Shuttle car operator 3 
Load Haul Dump operator 1 
Roofbolter operator 2 
General workers 2 
Miner 1 
Electro Mechanic 1 
Engineering assistants 1 
Total personnel 13 



 

62 
 

 
 

FIGURE 23: GOAF OVERRUN OVER CM 

 

 
Figure 24: Goaf overrun incidents per year 

 

8.7.4 Spontaneous combustion 
 
There is no record of spontaneous combustion incidents in a Nevid stooping operation. 
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4. CONCLUSION 
 
The Nevid stooping method has been safely implemented by Sasol Mining for over 18 years, 
and can quite fruitfully be applied wider in the coal mining industry. The Nevid stooping method 
is most effective with predetermined pillar sizes - stooping of awkward size pillars will need an 
altered stooping design.  
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NEVID STOOPING OF SMALL PILLARS AND SHALLOW DEPTH AT TAVISTOCK 

COLLIERY 

 
1. INTRODUCTION 

Pillar extraction at shallow depths with small pillars that were not originally intended for 
secondary extraction can provide a huge benefit to the coal mining industry in areas where a 
significant percentage of the remaining coal reserves are locked up and where opencast 
mining methods are simply not as cost-effective and practical to implement. A system 
considering all the pertinent geotechnical and mining aspects for the safe and efficient pillar 
extraction of small pillars at shallow depths at Xstrata Coal South Africa (XCSA) has been 
further developed and implemented as part of an ongoing improvement process addressing 
all of the relevant legal and associated risk aspects. This work follows on from the previous 
pillar extraction work carried out at the ATC, Boschmans, and Spitzkop Collieries. The 
process involved a number of in-house workshops and sessions arranged with all key 
personnel from Tavistock Colliery as well as also including Prof Nielen van der Merwe of the 
University of the Witwatersrand (Wits) and Brian Voster (Rock Mechanic Engineer at  
XCSA), a world renowned authority on pillar extraction, towards reviewing and developing 
the Modified NEVID method of pillar extraction system employed previously at Boschmans 
Colliery. The system was employed at Tavistock Colliery with success and no major 
accidents. In total 655 000t of coal having been successfully extracted from the pillar 
extraction panels. 

 

2. PLANNING PLAN OF TAVISTOCK COLLIERY 

 

 

Figure - 1 Planning plan of Tavistock Colliery 

3. MINING METHODS AT TAVISTOCK COLLIERY 
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Historically, the mining of the available coal reserves took place without considering  the 
intention to conduct pillar extraction on retreat. Hence the original pillar design was usually 
based on the maximum percentage extraction to be achieved during the primary development 
mining phase. Bord and pillar mining has been the prime method employed for coal extraction 
since production commenced at Tavistock Colliery. At first, mining was carried out entirely by 
conventional methods (drill and blast) until the introduction of mechanised mining using a 
Continuous Miner (CM) during 2004. 
 

4. PILLAR EXTRACTION EXPERIENCE AT XCSA 

Pillar extraction was initially carried out making use of a total pillar extraction mining method 
at the Arthur Taylor Colliery (ATC), with goafing occurring concurrent with the mining. Although 
no fatal accidents were recorded, there were at least two recorded cases of a CM burial and 
one major windblast accident during this period. This was formally addressed through the re-
design of the pillar extraction method to mitigate any CM burials and windblast accidents. The 
group rock engineer at the time, Mr B. Vorster, employed a modified NEVID method based on 
the pillar extraction mining method developed by Sasol Mining. This method of pillar extraction 
was then carried out at Spitzkop Colliery, ATC, and later at Boschmans Colliery, with no 
recorded cases of a CM burial or any windblast accidents. It must, however, also be pointed 
out that the method was not effectively designed for goafing to occur concurrent with the 
mining operation. There are at least three recorded cases of surface subsidence’s having 
occurred at Boschmans Colliery after the pillar extraction operations had formally ceased. 
There is no recorded case of any surface subsidence at Spitzkop Colliery where pillar 
extraction operations were carried out. Pillar extraction at ATC was carried out on only the No. 
4 Seam with no pillar extraction carried out on the No. 2 Seam. Interestingly, pillar extraction 
was also carried out on the No. 4 Seam in areas where the No. 2 Seam had previously been 
mined out below, in addition to those areas where the No. 2 Seam was not mined out 
previously. The modified NEVID method employed at ATC and Boschmans consisted of taking 
only three cuts per pillar where possible. 

 

5. COST AND PRODUCTION 

Based on the comprehensive mining exercise carried out on the available pillar extraction 
panels, the pillar extraction method was deemed a viable option due to its positive NPV 
contribution and minimal capital input required. The ROM production was originally forecast 
at 55 000t/month for a three month period with the intention to ramp up to 80 000t/month. 
Production commenced in March 2010, and was stopped for two weeks due to a fall of ground 
that necessitated the panel to be relocated following an extensive analysis on the failure 
mechanism carried out by various rock engineering experts, as discussed later. It was in 
November 2010 that Tavistock finally achieved 86 000t/month from the pillar extraction section 
for the first time. 

 

6. EQUIPMENT 
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A strategic decision was taken to gradually phase out all single-pass CM  in preparation for 
mining remnants and pillar extraction. Two ABM30 and one ABM12 CM were decommissioned 
and replaced with three HM31 CM. Provision was also made in the budget to replace the 
existing RHAM single boom with RHAM twin-boom roof bolters in order to match the roof 
support requirements. A machine extractor ‘tande-trekker’ was also purchased to be on 
standby, in the event  the CM becomes stuck or buried by the goaf. 

 

7. STOOPING PLANNING AND DOCUMENTATION 

Prior to pillar extraction taking place in a specified panel, the various affected stakeholders 
(departments) come together in a formal manner to identity all the possible hazards and the 
likely related risks anticipated during the pillar extraction process, and through this consultative 
process define the controls required to reduce the risks to the underground personnel (Figure 
4). The process is carried out by critically considering and assessing the following key issues: 

 The geological features and structures, as well as the influence on the roof and pillar 
conditions 

 Geometry of the panel (panel length, mining heights, bord width, and the panel width) 
 Primary method of mining and age of workings 
 Type of support installed during the mining process 
 The prevailing roof, pillar, floor, and support conditions 
 The existing surface restrictions 
 Technical data relating to the panel (the actual safety factor, width-to-height ratio of 

the pillars, minimum span of the panel, regional and local stress effects, percentage 
of sandstone constituting the overburden) 

 Previous mining in the area either as overlying or underlying mining panels 
 The recommended method of goaf and subsidence monitoring, as well as the 

ventilation structures and layout required. At the conclusion of the meeting the 
completed pillar extraction panel pre-emptive document is duly signed off by all 
parties and a permit to mine signed and issued by the Operations manager. 

 

Figure2 -.Example sheet showing the panel and geological structure /structure 
parameters considered in the pillar extraction panel document 
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8. DAILY INSPECTIONS 

To ensure compliance and discipline, the miner and shift boss reported daily on the checklist 
as displayed below. 

 

Figure 3 - Miner and Shift Boss checklist 

 

Figure3 - Continued - Miner and Shift Boss checklist  
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9. TRIGGER ACTION RESPONSE PLAN (TARP) 

A TARP was also developed for the pillar extraction towards managing the various critical 
aspects that would affect the extraction operations and was included as part of the training 
process provided to the mining personnel.  

10. CUTTING SEQUENCE 

Figure 4 shows three cutting sequences that were followed for the 10.5m x 10.5m pillars. A 
cut means a lift taken by the CM. The 3, 4 and 5 cut method is mainly to control the size of the 
snook that protect the active intersection called the “Kickout fender”. Figure 5 is a plan that 
indicate the sequence of cutting the pillars (numbered in red).  

Figure 4 - Three different cutting sequences for pillar extraction  

 

Figure 5- Stooping panel with stopper pillar 
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11. STOOPING MODIFICATIONS 

The pillar extraction operation at Boschmans Colliery was carried out by means of taking only 
three cuts per pillar where practicable, and mining four to seven rows of pillars in this manner, 
after which two rows of intact pillars were left as stopper pillars. The intention of the stopper 
pillars was to mitigate the effects of a windblast. Although this method was found to be a much 
safer way to carry out pillar extraction, with a very low risk of CM burial and windblast 
accidents,  compared with the earlier total pillar extraction carried out, there was no recorded 
goaf that occurred concurrent with the pillar extraction mining. Due to the risks inherent in the 
non-goafed panels, a meeting was arranged with all stakeholders and experts towards 
reviewing, and where possible amending, the pillar extraction cutting sequence employed at 
Boschmans Colliery for implementation at Tavistock Colliery,  

The summary of this discussion is:  

 Taking five cuts per pillar (See Figure 4) instead of only three cuts where practicably 
possible  

 Mining of five rows of pillars and leaving only one solid pillar in the centre of the panel 
of the fifth row, acting as a cushion pillar (compartmentalizes the goaf) 

 All geological discontinuities identified during the pillar mapping exercise were 
incorporated into the designing and positioning of the required cushion pillars as far 
as practicably possible. Once the goaf in a panel has been initiated and progresses 
with the subsequent mining, the cushion pillar requirement falls away and the pillar 
can be mined depending on the outcome of the pillar mapping exercise. During this 
exercise a simple and effective process flow was developed for the pillar extraction 
operation mining at Tavistock Colliery (Figure 6). 

  
12. GEOTECHNICAL BOREHOLE LOGS 

Due to the poor quality of the information available on some of the older geological borehole 
logs and the lack of adequate geological coverage in the pillar extraction area of interest, it 
was decided that initially at least two new geotechnical boreholes would be drilled per pillar 
extraction panel and logged. The geotechnical boreholes would be drilled from surface to a 
position just above the immediate roof and located in the centre of the pillar extraction panel. 
The main purposes of these boreholes were firstly to enable the calculation of the minimum 
spans for the various panels. Using the available geotechnical information, the minimum spans 
required for overburden failure to occur were calculated for each panel considering only the 
strongest sandstone layer and assuming a tensile mode of failure. 

13. Numerical modelling – LAMODEL 

For the modelling exercise the LAMODEL numerical modelling software package was used 
and the table as shown below developed that determined the amount of cuts/pillar. 

 

Table 1 - Minimum span, percentage sandstone in the immediate roof, cuts 
taken, and instrumentation for the pillar extraction 
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14. ROCK ENGINEERING FLOWCHART 

A rock engineering stooping design flowchart was used as shown in Figure 6 
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Figure 6 - Rock Engineering Pillar Extraction Design Process Flow Chart 

 

15. PROBLEMS ENCOUNTERED 
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Scaling of pillar corners in areas where the previous mining was carried out using a Voest CM. 
Scaling occurred during the extraction of pillars that were originally mined using a Voest CM, 
which tends to create a rounded pillar corner in the roof (Figure 7). This corner tends to scale 
off with the stress changes associated with the pillar extraction operation. Two incidences 
were also reported of the Hilti gun causing this fractured piece of rock to become dislodged, 
resulting in an injury to an employee during the normal installation of brattices required for 
ventilation control. 

 

 

Figure 7 - The corner created by the Voest CM showing the scaling that has 
taken place 

15.1. Goaf overrun and fall of ground  
 

There has been one recorded incident of a fall of ground (FOG) and a goaf overrun since the 
inception of pillar extraction operations at Tavistock Colliery. The FOG occurred in panel 
1W4SB1E where the pillar extraction operation commenced (Figure 1). The FOG occurred on 
the off-shift during cutting of the third row of pillars, and was noticed along the roadway R3 
from split 14 to split 19 (Figure 8). The fall progressed up to split 12 located adjacent to the 
waiting place. All the operations were ceased in this panel for the safety of the underground 
personnel. An extensive investigation was conducted by the rock engineering department 
towards understanding the mechanism of this FOG, and  Jaco van Vuuren of Saxum Mining, 
Prof Nielen van der Merwe, and David Postma, the group rock engineer at Sasol Mining, were 
consulted. The FOG was attributed to the combination of the floor roll, water in the roof, and 
the stress changes associated with the east-west orientation of the pillar extraction panels 9, 
13, and 14. Following this incident it was decided that all floor rolls will be mapped and 
captured on the survey plan to ensure that this is taken into consideration during the design 
of the pillar cutting sequence. In addition, deeper bleeder holes (3.9m in length) will be drilled 
at the roadway R3, roadway L3, and the belt road for every third split for the draining of any 
water from the immediate roof, in order to prevent the build-up of any hydraulic pressure, 
which tends to cause strata problems. Intensive monitoring of the ground conditions will also 
be carried out while mining the panels in the east-west or west-east direction. 
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Figure 8 – FOG plan showing planned and actual pillar extraction cuts. The 
extent of the FOG  that occurred 

 

15.2. PILLAR CRACKING 
 

The mining of panel F11W1 was successfully carried out with a goaf occurring as planned, 
though not up to surface, and with no abnormal pillar and roof conditions observed prior to the 
commencement of the pillar extraction operation. It was, however, noted during the process 
of extracting pillars in this panel that the southern barrier pillar started to develop guttering on 
the right-hand side of panel F11W2 (northern side – Figure 8). After completion of the pillar 
extraction in panel F11W1, preparations were made to commence with the pillar extraction in 
panel F11W2. The first goaf happened after nine rows of pillars had been extracted, and this 
also did not progress up to the surface. After mining a further two rows of pillars the next goaf 
occurred, which triggered all  the uncompleted goafs (the goaf in panel F11W1 and the first 
goaf in panel F11W2) to progress. The goafing then proceeded to alternate between the two 
panels for about an hour. Following this it was noted that the pillars extending from the goaf 
line backwards had developed an interesting tensile crack extending from the top to the bottom 
of the pillar corner (Figure 9). This was observed in panel F11W2 and F11W3, the next panel 
planned for pillar extraction. These tensile cracks were observed on both the eastern and 
western sides of the pillars, with minor guttering noted on the southern side of the pillars. It 
was concluded that the damage to the pillars observed was a result of lateral displacement, 
due to the sudden release of horizontal compression accompanying the progression of the 
goaf in the adjacent panel. The layout plan was altered to leave four rows of pillars to stiffen 
up the system, and pillar extraction resumed. A special modified cutting sequence was 
developed for panel F11W3, taking cognisance of the cracks and guttering. In this sequence 
the planned cuts on the sides of the pillars where the cracks had developed were removed, to 
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prevent the already fractured dislodged corners from falling and, thereby, causing injuries to 
personnel or damage to the equipment. In conclusion, pillar extraction of the panels orientated 
in the east-west or west-east direction, probably coinciding with the direction of maximum 
horizontal stress, can present challenges that need to be managed. 

 

 

Figure 9 - Photograph of a pillar and where it occurred, showing the guttering cracks 

16. PILLAR EXTRACTION SUCCESS (VAN DER MERWE) 

The pillar extraction operation at Tavistock Colliery started during April 2010 with the panels 
situated on the eastern side of the mine, viz. 1W4SB1E and 1W4SB3E (Figure 1). To date the 
pillar extraction has been effectively carried out on a total of 13 panels, with goafing  in eight 
of the panels (Table 2). A summary of the goafing information for the pillar extraction panels 
as well as their orientation is provided in Table 3. As stipulated in Table 2, only 62% of the 
pillar extraction panels have goafed while mining was being carried out. It is pertinent to note 
that the pillar extraction in three of the non-goafed panels was undertaken by using five cuts 
on each pillar, whereas the remaining two were extracted using four cuts per pillar. In all  the 
panels where goafing occurred during mining, the pillar extraction was undertaken by using 
five cuts on each pillar where practicably possible. It is important to take note of the central 
remnant portion of a pillar left during pillar extraction (“kickout fender”) that is created with the 
three different mining options used at XCSA. In this regard the area of the “kickout fender” 
increases from 12m²(1.4m thick) to 17.5m² (2.1m thick) and to 23m² (2.8 m thick) for a five 
cuts, four to three cuts per pillar.” 

 

 

Table 2 – Goafing information of pillar extracted panels 
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Table 3 – Pillar extraction information relating to the mining cuts taken and goafing 

 

17. CONCLUSION 

The following remarks was made by van der Merwe in Managing the geotechnical and mining 
issues surrounding the extraction of small pillars at shallow depths at Xtrata Coal South Africa:  

“The pillar extraction process designed and carried out at Tavistock Colliery has proved to be 
a success in terms of safety and efficiency, and has enabled a better understanding to be 
gained of the behaviour of small pillars at shallow depths during pillar extraction. The work 
has shown that it is possible to extract old, small, shallow pillars that were not originally 
intended for secondary extraction, provided that detailed prior investigation is done and that 
the mining is planned in great detail and executed according to plan. Based on the experience 
to date, there is still, however, further numerical modelling work that needs to be carried out 
towards understanding the behaviour and interaction of the “kickout fender” and the immediate 
roof response during pillar extraction operations for various panel geometries, stress 
orientations, and depths towards formulating guidelines.” 
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1. INTRODUCTION 

1.1 First Prototype Mobile Roof Support (1979) 
 

The first prototype of a Mobile Roof Support (MRS) was developed through the guidance of 
the Spokane Group of what was then the U S Bureau of Mines. This unit was a modified roof 
bolter chassis with two cylinders for roof support mounted within the chassis and two additional 
cylinders. These cylinders were attached to arms, which could be jettisoned from the chassis. 
The roof support cylinders lowered to the mine floor and raised the rubber tired chassis off the 
floor. A pod was attached to the top of the cylinders which spread the contact area against the 
mine roof. This first-generation unit was tested in 1979 at Inland Steel, Sesser, Illinois with 
unsatisfactory results. 

1.2 Second generation MRS (1984)  
 

The second-generation system was modified to a crawler drive and the three point contact 
pods on the chassis roof cylinders were replaced by rails. Each cylinder on the support was 
rated at 50 tons capacity. This system was tested with much more favourable results at 
Southern Utah Fuel Co., near Salina, Utah, from April to November in 1984. A single support 
was set in the entry, and one in the pillar split. These two supports replaced all but two of the 
wing and roadway posts. The concept evolved into a machine with a smooth canopy, similar 
to a longwall shield. This design direction was followed by several mining equipment 
manufacturers. 

1.3 First Test in South Africa (1987) 
 

 Prototype units, constructed by Voest Alpine Mining and Tunnelling, were observed in 
operation in 1987 at the Middelbult Colliery at the SASOL mining complex near Secunda in 
South Africa (described at Rib Pillar Mining). These supports, referred to as Breaker Line 
Supports are utilised in pairs, with two supports set in each entry. Structurally, the BLS is a 
crawler driven chassis with a flat, lemniscuses guided canopy supported by four cylinders. 
This support was rated at a total capacity of 600 tons. The first commercial application of the 
BLS in the U. S was in early 1988 at the Donaldson operation of the Valley Camp Coal Co. 
near Charleston, West Virginia. In 1988, J. H. Fletcher & Co. began production of a set of 600 
ton supports that were installed later in that year, in the mines of Martin County Coal, near 
Inez, Kentucky. This mobile support was the result of design and prototype evaluation 
conducted by J.H. Fletcher since 1984. The application of MRS to retreat mining in Australia 
began in 1987 and has continued successfully to date with many systems in use.  

1.4 Second MRS test in South Africa 
 

A set was ordered by Goedehoop Colliery to extract high quality coal left in two Seam pillars 
in the period 2002/2003. Currently there are no MRSs in use in SA, but the technique offers 
an opportunity to extract coal left in pillars, productively and safely. 

1.5 Worldwide use of MRS supports 
 

 J.H.Fletcher in the US  has supplied over 800 sets worldwide. At present there are 400 units 
in service, utilised in  the US, Mexico, China and Australia. 
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2. DESCRIBTION OF A MOBILE ROOF SUPPORT 

2.1 Front view of Mobile Roof Support (Figure1) 
 

The MRS has four telescopic lift cylinders, and may have two or three stages of extension. An 
important difference between a face shield used in longwall support is that the MRS cylinders 
project the support load through the crawler frame, and not directly onto the floor. 

 

Figure 1 - Front view of Mobile Roof Support 

 

2.2 Rear view of Mobile Roof Support 
Figure 2 is a rear view of the Mobile Roof Support 

 

Figure 2 - Rear view of Mobile Roof Support 

2.3 Side view of the curtain protection 
 

Figure 3 is a side view of the MRS with the curtain protection. 
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Figure 3 - Side view of Mobile Roof Support 

 MRS pushing through loose coal.  

Figure 4 shows the loose coal a MRS must be able to pass through. 

 

Figure 4 -  MRS pushing Through loose debris  

 2.5 MRS roof extensions 
Boxed sections can be added (600mm lift) if the mined height exceeds the reach of the canopy. 
Figure 5 is a photo of the Roof extensions used at Goedehoop mine. 
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Figure 5 - Roof plate extensions for a MRS 

3. CABLE HANDLING OF THE MRS 

Cable handling is one of the most important activities in preventing MRS downtime. 

The photo below show the near machine cable handling and cable hooks used at Goedehoop 
mine. 

 

 

Figure - 6 Cable handling near Mobile Roof Support 

Cable handling arrangement must be such that cables can be retracted easily. A wire clip 
arrangement works better in high workings. 

 

Extension plate 
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Figure 7 - Wire clip arrangement for improved cable handling  

3.2 Typical section MRS cable outlay when stooping from right to left (Figure 8) 

 

Figure 8 - Cable routing in a MRS Section 

 

 

4. STOOPING METHODOLOGY WITH A MRS 

The detail methodology in stooping methods when using MRS is described in detail below. 
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4.1 Moving the MRS While stooping 
 

MRS are set in the entry and crosscut around the pillar to be extracted. They are utilised in 
pairs and generally positioned with one slightly ahead of the other in an arc. The CM extracts 
the wing to the right. After the lift is completely mined, the gob, or goaf side MRS is retracted 
a few inches from the roof and trammed forward approximately one-half the length of the 
support, or 1.8 to 2.1m. The roof plate is then reset. The adjacent MRS is lowered and 
trammed forward a similar distance, then reset against the roof. This process continues until 
the supports are positioned for the next lift. This cycle time should require one to four minutes 
and can usually be accomplished while the CM is repositioned and its cable slack pulled back.  

4.2 Outside Lift Method (Figure9) 
 

This method, where a pillar is extracted only from one side or entry, is referred to as the outside 
lift, or one sided lift approach (See figure 9). This lifting sequence is applied generally in seams 
with 180m of overburden or less, although its use has been observed in some areas with very 
strong coal and competent immediate strata at depths well over 300m. Mining of the lifts 
continues until the pillar has been completely extracted from the entry. The MRS in the entry 
is then positioned at the intersection. The outby end of the pillar is then mined with the other 
pair of MRS. The final stump or pushout is extracted with four supports set in close proximity 
in the crosscut and intersection. After the pushout is completed, the four supports are moved 
together and set against the roof in the intersection for their protection, and as they are 
removed from the intersection, they are trammed to the same positions to start mining in the 
next pillar. 

 

 

Figure 9 - Outside lift MRS mining with the typical pillar retreat plan with MRS positions 

4.3 MRS twinning mining 
 

MRS Supports are also used to extract the pillars by mining lifts to the left and right out of the 
same entry or breakthrough. This is referred to by a variety of different terminologies, such as 
twining, left and right, Christmas treeing, tree topping, and other appellations too numerous to 
relate. This plan is the most commonly applied technique for MRS, being utilised on 
approximately 65 to 70% of the sections. Twining requires that the lifts be kept to the proper 
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width dimension as mining takes place in the entry. If this is not done, the operators will be 
working with an unsupported, open lift to their backs. Coordinating the CM operator’s moves 
and those of the MRS operator can alleviate this problem. Move time for the MRS is shorter 
per lift when twinning and fewer moves are required per ton mined than in the outside lift plans. 
Because this method is applied in deeper seams, or higher grind, lower strength coal beds, 
the pillars are generally larger and several lifts must be mined from the back, or breakthrough 
side of the pillar. In twining, the two MRS positioned in the crosscut play a more important, 
and in some seams, a critical role in the protection of men and equipment. Figure 17 and 18 
shows the positioning of the supports while the mining of the final stump or pushout takes 
place. 3. The broad spectrum of mining plans that have been written and applied are variations 
of the outside lift and twinning lift sequences. 

Position of MRS for cut 1. 

 

Figure - 10 Phase 1 the Twinning mining method 

 

 
 
 
 
 
 
 
 
 
Mining of cut 1 
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Figure 11- Cut 1 Twinning mining 

 

After completion of cut 2 both MRS are moved forward 
 

 

Figure 12 - Cut 2 Twinning mining 

Cut 3 is completed and this cut MRS is moved forward 
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Figure 13 - Cut 3 Twinning mining 

In this sequence of moving the MRS cut 4-10 is completed (Figure14) 

 

Figure 14 - Cut 4-10 Twinning mining 

Cut 11 and 12 is then completed (Figure15) and the MRS are in the intersection 
protection position. (See Figure 16) 
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Figure 15 - Cut -11, 12   Twinning mining 

 

 

 

Figure 16 - Final intersection position of MRS Twinning mining 

 

 

Figure 17 and 18 illustrates the sequence of moving the MRS’s out of the intersection. 
Note the Kick out fender is left to protect the intersection. 
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Figure 17- Moving MRS out of Intersection in Twinning mining 

 

Figure 18 - Moving MRS out of Intersection and Installing of breaker-Line       
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After tramming MRS 1 and 2 out of the intersection to the next pillar position and MRS 
3 and 4 is moved into the intersection centre a timber breaker line is installed. This is 
to prevent the flushing in of roof debris. 

 

4.4 Continuous haulage pillar extraction at shallow depths 
Figure 19 indicates a layout for extracting a continuous haulage panel at shallow depths. 

 

Figure 19 - Plan for extracting continuous haulage pillars with MRS 

 

5. ADVANTAGES OF MRS MINING (AMERICAN PERSPECTIVE) 

The MRS provide an upward, active force on the immediate roof strata. When two supports 
are positioned and set in an entry, there is a total active force of at least 300 to 400 tons 
applied to the roof. This results in the normal cave line of the roof being pushed back into the 
goaf by several meters (Figure 20).  
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Figure 20 - Compares goaf line position with timber against MRS breaker-line support 

The control of the roof in the immediate area of the pillar extraction provided by the MRS can 
yield substantial benefits in a broad range of areas that are critically important to mine 
operators. These include safety, productivity, and mine cost.  

The positive aspects resulting from the application of MRS are summarised as:  

 Forcing the cave line further into the gob allows for a wide or thicker fender to be mined 
on retreat 

 When radio controlled continuous miners are utilised, “fenders” as thick as 12.2m have 
been mined on retreat. This eliminates the costly and relatively unproductive cycle of 
splitting the pillar and the supporting the pillar split 

 A higher percentage of the reserve can be mined on retreat. Production is derived 
without the roof support material and the infrastructure costs that accompany mine 
development and receding faces. Dramatically lower overall cost of production is 
realized  

 The exposure of workers that is associated with setting turn posts, and in some 
regions, breaker timber, is eliminated. Radio remote control of the MRS and the proper 
installation of cable hangers that can break away from the roof can ensure this 

 Where breaker posts are set, an MRS can be utilised to protect those setting these 
posts. It is the opinion of many mine personnel that the benefits of breaker posts are 
not offset by the hazard and expense of installing them. An increase in the overall level 
of safety may be achieved by not setting this support and keeping the workforce out of 
the area; as is the case in South-western Virginia. However, in those seams where 
overrunning caves are a factor, breaker posts should be maintained 

 The CM produces at a higher average rate. With older, timber retreat plans, coal 
fenders were only 4.6 to 5.5m wide and the CM spent a large portion of its production 
cycle turning into the lift, with the cutter drum only partially engaged. The thin fenders 
were then mined through quickly. The miner operators spent the majority of the shift in 
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the unproductive cycle of turning the miner into the coal rib. With MRS, the CM  is able 
to mine a large volume of coal without tramming to another place. Accordingly, the 
efficiency of the haulage setup becomes even more critical  

 Those mines with very efficient haulage layouts, especially continuous haulage, can 
produce substantially higher output on retreat, as compared to development  

 Operating the supports realises a dramatic reduction in the usage of timber and the 
accidents that are often associated with timber handling. This includes the cost of the 
posts and the labour to supply and set the prop 

 The operation of MRS eliminates the need for roadway, wing, and in some regions, 
breaker posts  

 Less time is required to set up for a lift with MRS than when setting wing posts. 
Especially when mining lifts both left and right, the MRS can be advanced before the 
miner is ready to turn the next lift. Depending on the mining cycle utilised, the 
repositioning of MRS is four to five times faster than timber setting 

 MRS’s allow for higher reserve recovery. A higher percentage of the coal in the pillar 
is recovered safely with MRS than with timber. A larger pillar can be safely and more 
completely extracted. Fewer stumps are left remaining and those that are left are 
smaller. Many operations profess to achieve a high pillar extraction rate without 
supplemental support. Observation of the mining in these sections utilising timber, or 
no support, indicates that large amounts of resource are left behind. In some situations, 
this incomplete recovery causes severe strata instability as a direct resulting from 
incomplete caving of the roof 

 Total reserve recovery can be realised as high as 85% when utilising the roof supports. 
When compared to the recovery of 45 to 60% for five developing rooms only, this can 
be significant addition to mine life. Actual in-pillar recovery can be above 90%. 
However, pillars must be left in bleeder entries and sub mains development. This 
reduces overall reserve recovery  

 

Photo of full pillar removed and a small kickout fender left to protect the intersection (Figure 
21) 

 

Figure 21 - Final snook left after mining with MRS 
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 Complete pillar recovery and the ability to mine a larger pillar results in a more stable 
pillar line  

 Generally, the sections utilising MRS do not have rides, squeezes, and pressures 
overriding the immediate face. This can add a substantial factor of safety for the work 
force, and smooth production from the pillar line 

 An observation of pillar extraction on the same section before the use of the roof 
supports, and after the utilisation of them, has shown a dramatic reduction in roof and 
floor heave problems and sharply higher stability of side walls. All this occurs in areas 
that mine personnel must spend their working shift 

 Fewer personnel are required on a crew retreating with MRS than on a developing 
panel, or on a retreat panel with timber. Due to the more complete recovery associated 
with the operation of roof supports and the larger pillar size, caving becomes more 
regular and somewhat predictable  

 The hazards associated with unexpected or premature caving are substantially 
reduced. However, no guarantees are made or implied in this matter. Caving patterns 
are, by nature, individual to each mine and can vary according to the strata present at 
any given location. Variations in the mine roof must be noted by crews and supervision 
with in-mine experience 

 When unexpected caving does occur, the fall is stopped with a very high degree of 
reliability by the MRS. Roof falls which would have caught the CM and required two 
days to a week to recover are reduced to no delay or less than two hours for recovery  

 The recovery process with MRS is also much safer than with posts and cribs. MRS 
have often been used as auxiliary support in these situations, both to increase the level 
of safety and to speed the recovery process. Daily production can be mined at a higher 
yield on retreat. 

 The support provided by the MRS, combined with a more stable pillar line contributes 
to less deflection in the roof, minimising the contamination of the product by out of 
seam contamination 

 A more stable pillar line can decrease floor heave and minimise the need to load floor 
material. The operation of MRS represents a very different mining situation to many 
mine managers and equipment operators. 

  
 6. WHY USE AN MRS OVER OTHER PILLAR EXTRACTION METHODS (MINNEY) 

The correct use of the MRS result in the actives goafing line being slowed down, protecting 
people and equipment in the active mining area. 

 

7. DISADVANTAGES OF MRS MINING (MINNEY) 

 Flushing” in often occurs in the centre of the panel when the MRS are not standing 
there. This can cause the MRS to be positioned incorrectly for the first cut. 
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Figure 22 - Goaf overrun into intersection preventing MRS to be correctly positioned 

 Non-negotiable discipline with regards to moving and positioning the supports. 
Deviation can result in entrapment and delays while it is released 

 Downtime of MRS’s can cause production delays 
 The high cost of MRS mining 
 MRS mining is more applicable to the extraction of larger than smaller pillars. 

 

8. FACTORS FOR RELIABLE AND SAFE OPERATION OF THE PILLAR LINE WHILE 
UTILISING MRS. 

 Always position the MRS as close to the CM  for maximum protection of the equipment 
and personnel 

 Do not try to mine more than one lift without advancing the pair of MRS. However, 
allow adequate space for the miner operator to rapidly exit the lift and ensure that the 
miner is not “wedged” by rib slough age 

 Do not use them separately. Work the MRS’s in pairs only. Retraction of the roof plate 
(canopy) can trigger a fall 

 Do not lower more than one MRS roof plate at a time when advancing the machine to 
another lift. If this occurs, or caving begins while advancing the support, reset the roof 
plate immediately and let the support “ride out” the fall 

 The lack of timber (breaker posts are knocked out when the MRS are first positioned 
in the entry) does not allow the warning that is given in a full timber plan by timber 
failure. This circumstance can create discomfort among those accustomed to using 
wood. Since a very high percentage of the pillar is recovered with MRS,  

 It is sometimes advisable to leave a small stump, “peg”, or fender of coal to give a 
warning or protect the equipment, especially while moving out of the pushout area. 
These must be sized to crush out later. Each mine represents a different situation 
regarding the size and placement of these protective stumps  

 There is no substitute for training and experience in full retreat mining. This is 
especially true when the initial break of the main roof occurs on the panels. 

 Do not become over confident with the operation of any roof support. The MRS 
provides support of the immediate roof only, and cannot “hold up the entire mountain” 
as is sometimes commented. 
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9. MRS DESCRIBTION 

The earliest supports were intended to replace the rows of breaker posts, both in design and 
function. The post (cylinder only) type support had obvious problems when the immediate 
roof was broken or caved upon the retraction of the cylinders. Advancing a single machine 
with no adjacent support in place proved risky all too often. This design was replaced early 
on most drawing boards by the smooth canopy type of design that is seen today with the 
MRS utilised in pairs for additional support while advancing the MRS. 
 
A MRS consists of a roof support plate (canopy), lemniscuses linkage with a caving shield 
incorporated into it, support cylinders, chassis, side curtains, and plough, which contains the 
cable reel, electrical controller & motor, and hydraulic power system. Some of the early 
supports trammed slowly and were frequently stopped by debris left in front of the machine. 
Spillage from the CM shovel can leave large volumes of material in front of the roof supports. 
Each MRS must tram through this debris at some point in the mining cycle. Caving often 
damaged side protection. Cable reels were not included in earlier designs, and the cable, 
which had to be “figure eighted” on the plough, was bulky, hard to control, and sometimes 
damaged. Gauges to read cylinder pressure were non-existent or small and difficult to read. 
Hydraulic 11 systems were sometimes difficult to keep on stroke and components were hard 
to access, especially in poor rib conditions. Machine size and the expected benefits of the 
concept were thought to limited applications to working heights of approximately seven feet 
or less.  
 
Currently, there is strong interest in MRS applications in working heights as low as 890mm. 
Reliability is a critical requirement for an MRS system. A bulky, unpredictable support can 
mean more than just lost production on the pillar line. A mobile support is subjected to 
severe duty and must be capable of surviving the repeated abuse dealt in this environment.  
 
The MRS manufactured today is an electro-hydraulic unit with a 37 or 55 kW motor driving a 
piston hydraulic pump. All functions are hydraulically operated and controlled by radio 
remote. The unit has hydraulic tram motors equipped with variable torque/speed control. 
These motors are equipped with valve blocks that reduce tram speed from a normal speed 
of 23 mpm if impediments such as debris or hills are encountered, and automatically 
increase the available torque to handle such obstructions. This is especially valuable in 
situations where caving has flushed loose rock around the support or the continuous miner 
has left a deep pile of coal in front of the MRS. 
 
H. Fletcher & Co. previously manufactured supports with a capacity of 544 tonnes. At 
present, only 727 tonne capacity supports are manufactured. The higher capacity MRS have 
a greater reliability for a variety of reasons, including cylinder design and lemniscuses 
strength.  
 
The MRS were utilized with two radio transmitters and two umbilical, hard wired controls. 
Due to a need to ensure greater operator safety, the umbilical controls have been 
eliminated, and four radio transmitters, one per MRS, are supplied with each set. The plough 
contains the electrical enclosure, cable reel, and hydraulic valve chest. The location of all 
controls in the plough makes troubleshooting safer and easier. It is raised and lowered by 
cylinders capable of raising the crawlers off the ground. High strength steel linkage connects 
the plough to the chassis and is designed to allow the use of up to a 140 tonne retrieval 
system. Control of the support is through a radio transmitter/receiver whose outputs are 
directly connected via intrinsically safe circuitry to the valve bank and its pulsar type 
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solenoids. This eliminates interface relaying and enhances reliability. The transmitter can 
operate up to eight MRS and the pendant can control any machine to which it is connected. 
Various safeguards are in place to make sure that each support can be operated by only one 
remote at any time. 
 
Twelve roof plate cylinders are available in two or three stage versions, with the three- stage 
preferred because of the wider operating range that it affords. Cylinder capacity is 181 tonnes 
yielding a total support capacity of 727 tonnes. Each cylinder contains a low volume yield valve 
and a high volume atmospheric relief, or rock burst valve to protect the MRS in case of heavy 
or sudden loading.  
 
It should be noted that the MRS has gone through several design evolutions and is comprised 
of high strength steel. Compromising the strength of the steel during repairs and maintenance 
can dramatically affect the durability and reliability of the support. As each mine has individual 
characteristics, a wide variety of height ranges are manufactured. In thin seams, a 812mm 
(collapsed height), 600 ton support (figure 18) is utilised. The lowest MRS built to date in the 
800 ton (727 tonne) size has been a 1 100mm collapsed height machine. However, a 975mm 
collapsed height support is currently being designed. At the other end of the spectrum, 544 
and 727 tonne MRS have been manufactured which ranged up to 5.0m (figure 19). The higher 
systems can also have a tilt frame incorporated into the structure. This allows the controlled 
tilting of the canopy in higher seam applications and ensures that the roof plates of adjacent 
supports do not collide if the MRS is trammed over uneven ground or loose debris (Figures 
20 & 21). The higher MRS have been utilised in thicker seams that were mined all in one pass, 
as in the South African mines, or in benches, or separate levels on development versus 
retreat. 
  
An additional feature that can be incorporated into the support is the ability to alter the height 
of the support by changing cylinders, and/or lemniscuses linkage. This allows the MRS to be 
utilised in multiple seam applications with a fraction of the capital required for several sets of 
supports. Canopy and cylinder extensions are also available for minor or localized increases 
in working height. The roof support plate (canopy) is constructed of the highest strength steel 
(T1) and is a total of 350mm thick. This provides a rigid canopy that does not deflect under 
the roof load, and ensures a smooth surface for the MRS to slide from under caved roof.  
 
The ability to independently tram from caved areas is a major advantage of a Mobile Roof 
Support. The caving shield, incorporated onto the lemniscate linkage, translates the vertical 
loading of the gob or goaf into a horizontal direction and assists in bringing the support out of 
the gob. This has been referred to as a “squirter” by operators utilizing the support. The 
powerful tram system, the rigid canopy, and the caving shield all work to ensure that the 
support exits the gob under its own power. 
 
10. ROCK ENGINEERING ASPECTS 

 Sections that apply the technology of MRS experience higher productivity and 
substantially improved strata control when the pillars are sized and developed 
specifically for the retreat process with MRS  

 Proper design can ensure that development and retreat productivity and production 
are balanced according to the overall roof support costs at a particular mine 

 Most operators are now finding that, in most seams, retreat productivity can 
substantially exceed that obtained while in development 
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 Retreat tonnage is placed in an even more favourable cost perspective if the overall 
considerations of yield, supply cost savings, and increased economic life of the reserve 
are factored into the equation. Proper pillar design is an essential for achieving a safe 
and productive pillar line. 

  
11. KEY POINTS THAT HAVE TO BE ADHERED TO WHEN EXTRACTING PILLARS (D    
MINNEY) 

 Retreat mining, with a systematic approach such that panel ventilation is effective 
 An immediate roof that will cave and goaf in a regular manner; where sandstone 

channels exist that may arrest the goafing process; need to be pre-conditioned by 
softening, usually by blasting from surface. Where consistent strong roof exists, the 
panel width needs widened to the point that the critical span is reached 

 Pillars to be extracted are mapped for geological structures and an individual cutting 
sequence is designed for each pillar 

 Discipline is none negotiable as a deviation from the cutting sequence may result in 
equipment being trapped in a roof fall; Training is a way to improve this discipline 

 

 

Figure 23- Team at Goedehoop Mine in the process of training 

 

 Roof bolt breaker lines need to be installed at the appropriate positions, these are 
designed (position and length) and installed to suit the conditions 

 Practise has indicated that a stump (snook) is left to help protect the intersection (See 
below) 

 Arrested goaf may re-require pre-conditioning intervention, eg blasting from surface. 
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Figure 24 - Leave the final intersection snook to extract MRS safely 

12. PRODUCTIVITY 

The productivity at Goedehoop mine was 27 – 32 000t/month on a single shift basis, 6.0m 
seam with 4.5m mining height. Extra coal was extracted above pillars height. The production 
was measured with a weight metre on the belt. 

13. MRS CAPITAL COST 

The estimated cost of a MRS section is between R40 – 60 million  

14. SAFETY  

 To eliminate setting and handling posts and reduce the number of miners required to 
work near the cave line and other dangerous locations, a remotely controlled MRS 
has been developed and field tested 

 Optimum use of MRS depends on careful panel designs, mine orientation, and 
prudent primary support designs geared to expected geologic and stress conditions 

 MRS have a limited zone of influence around them and thus can best be utilised in 
combination with other MRS and in conjunction with ground monitoring systems. An 
integrated ground monitoring system is being tested in which the simplicity of 
convergence measurements are combined with more elaborate load-rate monitoring 
on MRS leg cylinders 

 Measurements from four mines with various geologic and support conditions have 
shown that monitoring roof-floor convergence enables miners to detect unstable roof 
conditions within the whole area of the interest at the fac. 
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 Monitoring load rates can also provide information on the stability of pillars and 
fenders (Maleki) 

 The American Mine Health and Administration developed specific safety rules in 
regard to MRS mining (see below) 

 The MRS must be remote controlled and be provided with load warning lights. The 
miner uses the pressure reading on the MRS cylinders as a indicator for goaf pre 
warning. Warning lights assist him not entering the active strata area.( Howie) 

 
14.1 MRS rules of the American Mine Health and Administration 
 

 

Figure 25 - American Health and Administration MRS Safety Rules 

15. WHY WAS THE PROJECT STOPPED AT GOEDEHOOP MINE? (MINNEY). 

 There was a lack of ownership due to the change of management. The new management 
did not support it 100% 

 There was a concern about sterilising the un-mined 4 Seam reserves above. 
  

16. WHY IS MRS MINING WIDELY USED IN UNITED STATE OF AMERICAN MINES? 
(NICO VAN ECK) 

To do stooping in the American mines safely finger line support was installed as is described 
by Hamid Maleki in An Overview of Geomechanics Safety Research On Mobile Roof Supports 
in the sketch below; 
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Figure 26 - Timber line support installation prior to MRS mining 

Installing  this finger line support (Called post) requires  labour and time and it has  a roof fall 
risk. Mobile Breaker Line supports (MRS) replaced the mine pole, fingerline installation (Figure 
26). During the stooping operation MRS are positioned at points A, B, C, behind the CM (See 
sketch). This leads to increased safety and higher productivity. With the 1 200 tons roof 
support the cave line is also pushed away from the active stooping operation which protects 
roof falls onto people and equipment and leaded to increased pillar extraction percentages. 

 

 Figure 27- MRS mining needs no manual timber installation 

 

17. ACKNOWLEDGEMENTS 

Dave Minney reported on his experience of MRS mining at Goedehoop Colliery and it added 
value to this report. 

18. CONCLUSION 

Latest MRS stooping uses four active MRS in the section against two used in the Middelbult 
and Goedehoop trails. This is an important change to protect the active intersection. Little 
could be picked up on the fracture pattern of the goaf and horizontal stress and MRS mining. 
Further research will have to be done in this regard. The use of MRS continue to expand 
rapidly for both retreat mining and longwall shield recovery. As reserve depletion forces the 
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mining of thinner seams in deeper strata, and in more adverse roof conditions, the need for 
productive second mining alternatives will increase. The most significant change to note in the 
last 10 years is that pillar extraction has been safely applied in seam conditions as high as 
5.5m. The use of the supports has continued to expand, especially in the US. Very few MRS 
are available on the used equipment market. MRS, when properly applied, can allow the 
economic recovery of reserves in bedded strata with a substantially higher degree of safety 
and improved productivity. 
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1. INTRODUCTION 
 

In addition to the Longwall mining method, South African collieries introduced the Rib Pillar 
High Extraction method where  smaller blocks of coal that could not be mined by Longwall 
mining. Rib Pillar mining and guidelines is discussed in detail in a Chamber of Mines 
Research Organisation (COMRO) report by JD Beukes (1992) The South African Rib Pillar 
system originated from the Australian mining methods. The  evolution of this mining method 
since 1980 is fully described in the COMRO report. . Rib Pillar mining was practised in five 
collieries namely Twistdraai, Middelbult, New Denmark and Kriel Collieries in the Highveld 
coalfield and  Sigma colliery in the Vereeniging Sasolburg coalfield. Rib pillar extraction 
developed in an attempt to improve on serious mining accidents experienced with pillar 
extraction methods in New South Wales. This proved to be successful and so  these mines 
were visited by project teams of Kriel and Sigma collieries (1971). This report is a 
summarised extract of the COMRO report. 

 

2. DIFFERENCE BETWEEN PILLAR EXTRACTION AND RIB PILLAR EXTRACTION 
 

2.1 Pillar extraction  

The method is derived  from bord and pillar mining, where the pillars are developed during 
primary development or secondary development. In most of the pillars developed in South 
African collieries,  enough consideration is  given to  their extraction. As a result an  
extraction method would  have to be designed afterwards. The best pillar extraction are done 
from pillars specifically designed to be extracted and at  mines that still practise pillar 
extraction, pillar extraction panels are developed on advance with  these freshly developed 
pillars immediately extracted on retreating from the pillar extraction panel. 

 

 2.2  Rib Pillar Extraction 

Rib Pillar Extraction is only done from secondary panels developed specifically for the 
purpose of mining a coal reserve on high extraction. This is normally blocks of coal reserve 
that could not be extracted economically by means of Longwall/Shortwall mining. Panels are 
created by means of three or four road primary development. The coal reserves are then 
divided into 42m to 72m secondary development ribs, referred to as fenders. These fenders 
are immediate extracted after being developed. The pillars created during the panel 
development are also extracted on sequence. Beukes describes Rib Pillar Extraction as 
practised in South African collieries during 1980 - 88 as  follows. 
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3. AUSTRALIAN WONGAWILLI SYSTEM 
 

A panel is  developed into four or five roads, leaving a continuous pillar of coal between the 
previous goaf and the development. The pillar of coal of between 50m and 150m is then 
mined out by means of developing and extracting seven metres  wide ribs (Figure1).  

 

 

Figure 1- Australian Wongawilli panel layout 

3.1 Problems experienced with the system: 

 Excessive floor lift when splitting successive headings in a large panel 
 Not ventilating the rib development well after goaf closure 
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 Not always fully extract snooks in the fender. This resulted in a lower extraction rate 
as claimed. 

  
4. SIGMA RIB PILLAR EXTRACTION (VEREENIGING SASOLBURG COALFIELD) 
 

The coal extraction rate at Sigma was as low as 11% during the 1960s. Pillar stooping trials 
proofed to be unsuccessful. After the introduction of a longwall system it was decided to 
investigate a high extraction method to remove the smaller blocks of coal. Australian Rib Pillar 
methods were investigated and introduced in the no.2B seam (1980). During 1982 a double 
CM section was introduced in the Rib Pillar section. An estimated seven million tons was 
mined at Sigma by means of the Rib Pillar method. The graph below shows the annual Rib 
Pillar production growth. 

 

Figure 2- Rib Pillar coal production growth/year at Sigma Colliery 

4.1 Rib Pillar System  

Beukes describes the different phases of development before reaching the final layout,         
called Phase 5. One attempt was to do the fender development at 45% to assist easiness of 
cutting for the CM ( Figure 3). 
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Figure3- Rib Pillar Mining at Sigma Colliery with 45 degree fender 
development 

 

This method was unsuccessful due to difficulty in keeping fender development on line and was 
stopped. Problems were experienced with the premature failure of the 42m  fenders. The 
primary three road developments were increased to four. The optimum size for pillar 
development was found to be 36x24m pillar .The development layout was also changed that 
the 42m rib was divided into 42mx18m ribs(Figure 5). This layout provided a uniform  method 
of removing the rib pillar fender and development fender. The cutting sequence is also shown 
on this final layout. The average production/week with a double continuous miner system was 
23 000 tons (Figure 4).  

 

Figure 4 - The Cutting sequence with two CM  at Sigma Colliery 
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Figure 5- Final rip pillar layout at Sigma Colliery 

The layout below show the breakerline support and cutting sequence during the 
fender removal. All development except fender development was supported by 
means of 1,8 meter full column resin bolts spaced as is shown in figure 6  

 

Figure 6- Cutting sequence and breaker line support in fender removal 
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4.2 Ventilation layout 

Figure 7 below shows the ventilation layout. One of the primary development roadways is 
used as a return airway and the section is ventilated by means of 37 Kw. force fans with 
ducting. 

4.3 Spontaneous combustion 

Carbon monoxide monitors were installed in the return airways and linked to a central control 
room, acting as an early warning system for spontaneous combustion. 

 

Figure 7- Ventilation layout of Sigma Rib Pillar mining 

4.4 Labour productivity 

Figure 8 shows the labour productivity in tons/man shift during the rib pillar mining period.  

 

Figure 8- Tons/man shift improvement Over five years 
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4.5 Labour complement 

The Table is a layout of the section labour/shift, excluding engineering personnel. 

Table 1- Labour Complement of Section/Shift 

Miner 1 
Gang leader 2 
CM 2 
CM operator no2 2 
Shuttle car operator 4 
Roofbolt operator no1 4 
Roofbolt operator no2 6 
Feeder breaker operator 2 
Total 23 

 

4.6  Production equipment 

Table 2- Equipment per double CM section 

Jeffrey continious miners             2 
Joy 10sc12 shuttle cars 4 
Ram roofbolters 4 
Dowty feeder breakers 2 

 

 

 

4.7 Advantages of a Rib Pillar Extraction 

Beukes lists the following advantages of Rib Pillar mining at Sigma mine: 

 High percetage of extraction is achieved. Quoted 95% in panel 
 Mining activities are consentrared in a single area 
 Fewer intersections are created than with conventioinal pillar extraction.Reducing the 

risk of roof falls 
 CM operators are always under supported roof 
 Lower working cost than a development section 
 A very flexible mining method. Small, isolated and geometrically complex reserves can 

be mined with this method 
  

4.8 Disadvantages of a Rib Pillar Extraction 

The following disadvantages were noted: 

 Once the extraction of a fender has commenced, it must be extracted completely prior 
to the weekend to prevent pillar failure 

 Ventilation problems can be experienced when the goaf closes completely and prevent 
bleeding over the goaf 
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 Methane can build up in the goaf areas 
 Spontaneous combustion in the goaf areas 
 Roof falls on the CM during extracting the final portion of a fender. 

On line cutting dissipline must be high. 
 
4.9 Feature developments planned (at the time of the Report) 

The following developments were planned: 

 Replacing the timber breaker lines with mechanical breaker lines(Tests done at 
Middelbult Colliery) 

 Introduction of a continious haulage behind the CM which could result in a productivity 
improvement of 10% 

 Integrating the roofbolter and CM which could result in a productivity improvement of 
10%. 

 A conveyeor belt take - up system capable for quick belt retrieval. 
 

5. MIDDELBULT  RIB  PILLAR MINING 

5.1 Introduction 

Middelbult is situated in the Secunda coalfield. Longwall mining could not be implemented 
due the geological disturbance of the coal reserves. Following the success of Sigma Rib 
Pillar mining it was decided to introduce Rib Pillar mining with Mobile Support Breaker lines. 
(1982). Sigma mine had a Shale mudstone roof composition against the solid sandstone 
immediate roof composition of Middelbult. There were in total 12 CM  production sections of 
which two did pillar extraction and one Rib Pillar extraction. 

5.2 Geology 

Figure 9 below is a general stratified column of the coalfield. They mined the No.4 lower coal 
seam with an average height of 3,5m, 135mon average below surface. 

5.3 Mining Method 

5.3.1 The Primary Development to the Rib Pillar section comprised  out of four roads of 
which two were return airways. The layout below in Figure 10 shows the final layout after 
various lay out changes. The roads in the primary development act as a storage place for all 
the services such as miners/artisan box, stores etc. When Rib Pillar extraction is taking 
place. 

5.3.2 Secondary Development also comprised  a four road development. Every fourth split 
was also developed through the 66m Rib Pillar block to link up with the previous secondary 
development.   
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5.3.3 Extraction Sequence 

On completion of the primary and secondary four road development pillars were extracted by 
splitting the pillars into six metre fenders and extracting them as is shown on the extraction 
sequence layout (Figure 11).  

 

Figure 9- Stratigraphic column of the Middelbult geology 
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Figure 10- Rib Pillar panel outlay at Middelbult Colliery 

 

Figure 11- Extraction sequence and support 
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The cutting sequence on extracting the newly formed pillar is as shown in the sketch below. 
Two Mobile breaker lines were used and followed the CM after three cuts were completed 
(See position 1 B on sketch). The Mobile breaker lines then moved to position 2 for the CM 
to remove the last section of the fender. 

 

Figure 12- Fender removal sequence with breaker lines at Middelbult Mine 
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5.4 Secondary Support 

All development roads were supported by means of four, one metre  resin bolts in a row. 
Spaced at three metre  intervals. No bolting was done during fender extraction. 

5.5 Safety Factor 

The 18m x 18m pillars at 100m below surface created a safety factor of between 2,2 and 
2,5.  

5.6 Advantages of mechanical breaker lines (Beukes) 

 Timber breaker line installation production time loss was reduced by 75% 
 It is a safer support system at a higher support resistance than timber breaker lines 
 It shields the workers from working near the goaf 
 It does not get knocked over from goaf inflow rock slabs like timber pole breaker lines 
 It is not necessary for personal to enter the high stress area to move timber breaker 

lines 
 Fewer and smaller snooks are left because production personal feel more secure 

with the Mobile Breaker Line Support. 
 

5.7 Continuous haulage system with bunker car and drill rigs fitted on  

An experimental Joy FCT suspended from the roof and a drill rig fitted bunker car was 
carried out in the section. The CM delivered the coal into the bunker car and the bunker car 
delivered the coal onto the FCT. This test was stopped when the roofbolts could not be 
installed nearer than 16m from the face, which exceeds  the mines maximum roofbolt 
standard of 12m distance from the face. 

5.8 Percentage extraction 

The extraction percentage claimed was 90% against the 57% achieved with bord and pillar 
development. 

5.9 Ventilation system 

During development the 37kw force fan system was used to ventilate the headings. The 
pillar extraction activity was ventilated by means of main intake air that flowed over the goaf 
towards the bleeder road. 

5.10 Personal 

The following labour categories were allocated to the section /shift; 

Table 3- Section Labour per Shift 

Miner 1 
Team leader 1 
CM operator 2 
Cable handler 2 
Shuttle car operator 2 
Roofbolt operator no1 2 
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Roofbolt operator no 2 5 
Feeder operator 1 
Electro mechanic  1 
Maintenance operators 2 
Total 19 

 

5.11 Production equipment 

1 x Joy 12HM9 CM 

3  x Joy 10SC shuttle cars 

2 x Ram Roof bolters 

1x Buffalo Feeder breakers 

 

5.12 Problems encountered 

 The initial first large goaf was often so violent that it caused roof falls into the fender 
development and on a few occasions the CM and Mobile breaker lines were buried 

 The bleeding of methane was risky at the larger Rib Pillar panels. During goafing 
there was a high inflow of methane from the number 4 upper coal seam. On one 
occasion the methane was ignited in the goaf area ( van Eck) 

 Large quantities of water inflow were experienced when the upper Dolerite sill was 
broken. 

  
5.13 Improvements planned 

Time studies proved a low CM cutting time of 31%.This was due to the following loss times:  

 Shuttle car change out time –       16% 
 Shuttle car waiting time     -           5%( Can be reduced by an effective Continuous    

haulage system) 
 CM tramming                    -            9% 
 CM maintenance and downtime – 19% 
 Installation of timber breaker lines -17%(This was reduced by 75% with mechanical 

breaker lines) 
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6. NEW DENMARK RIB PILLAR EXTRACTION 
 

6.1 Introduction 

The first Rib pillar trial run (1984) at New Denmark colliery produced 100 000 tons and 
proved to be successful. During 1986 a double CM section produced more than 400 000 
tons over 12  months. 

6.2 Geology 

See Figure 13 -  general geological stratified column The no. 4 seam, which is on average 
1.8m high and 180m below surface, was mined.  

 

 

Figure 13 - General geological stratified column below 
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6.3 Rib Pillar Mining Method 

Coal reserve areas not suitable for longwall mining were allocated for Rib Pillar mining.  

6.3.1 Primary Development 

The layout below shows a typical primary development for a Rib Pillar section. 

From the primary or secondary development, a three road development was done with the 
belt road in the centre road and the road adjacent to the panel was used as a travelling road. 
The 42mr wide Rib pillar blocks between the secondary three road development was referred 
to as panels. 

6.3.2 Cutting Sequence 

The cutting sequence followed is as shown in Figure 14. Two CM were used and staggered 
between fender development and fender extraction (Figure 14). The breaker lines consisted 
of Hydraulic props and timber poles. 

 

Figure 14- Rib Pillar layout and cutting sequence 

 

Wooden poles was used as a policeman (Roof sag indicator) and the rest of the breaker line 
consisted out of Hydraulic props (see sketch below). The two hydraulic breaker lines was 
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leapfrogged for each cut (See sketch below). The breaker line next to cut 11 consisted out of 
wooden poles and was never withdrawn. 

6.3.3 Fender development and support 

The fender development and cutting sequence was as laid out in figure 15. 

6.4 Roof Support 

All development roof except fender extraction development roof was supported with 1.2m  full 
column resin bolts depicted in a support pattern as is shown in Figure 15. 
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Figure 15 - Fender development and cutting sequence 

6.5 Dimensions and safety factors 

The primary development pillars were mined at 37.5 x 26 m centres and those in the secondary 
development at 26m centres at a road width of six metres  and a mining height of 1.7 – 2.4m 
The average safety factor was two. 

 



 

125 
 

6.6 Percentage Extraction 

The estimated in panel extraction was 70% due to inefficiencies that will be described at 
problems encountered. 

6.7 Ventilation 

Intake air is split between the two CM  sections and then bled across the goaf and removed 
through the return airways (see primary development layout) The headings was ventilated by 
means of 22Kw force fans and ducting. 

6.8 Section staff per shift 

Table 4- Section staff per shift 

Miner 2 
Artisan 3 
Team leader 1 
CM operator no.1 2 
CM operator no.2 2 
Shuttle car operator 4 
LHD operator 1 
Roof bolt operator 4 
Support team 8 
Artisan aides 2 
General workers 4 
Total 28 

 

6.9 Production equipment 

The production equipment as laid out in Table 5 

CM 2 
Shuttle cars 2 
Roof bolters 2 
LHD 1 
  
  

 

6.10 Problems experienced at New Denmark Colliery 

6.10.1 Panel layout 

The tractor road in road 2 of the secondary development was not suitable for excess to both 
CM. The belt road was then moved to the centre of the development allowing the travelling 
road to be in road 3 or the right hand side of the three road development, which solved the 
problem. 
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6.10.2 Water inflow 

Large quantities of water flowed into the section after the water containing sill above goafed. 
This caused wet, muddy and slippery production conditions that affected productivity. 

6.10.3 Floor conditions 

When wet the soft floor conditions broke up into mud to such an extent that shuttle cars got 
stuck, affecting the productivity of the section. . 

6.10.4 Roof conditions 

When the first goaf to surface occurred, the goaf was so violent that it overran the breaker 
lines, similar to the conditions experienced at Middelbult. This usually occurs during extraction 
of Rib A and B. When Ribs  and D were mined further roof problems occurred forcing the team 
to leave small snooks. The snooks left transferred load onto the adjacent fenders causing a 
low extraction percentage. 

6.11. Disadvantages of Rib Pillar extraction at New Denmark Mine 

 Hard coal, soft floor and wet mining conditions made it difficult to mine 
 More frequent installation of breaker lines made the operation labour intensive 

and less productive 
 The possibility that the roof may overrun the breaker lines as well as the CM 

extracting the breaker line made this mining method more risky than other 
mining methods 

 During the high stress conditions it was necessary to rely on the judgement of 
the stooping crew of leaving snooks. This led to less goafing, which created 
further high risk stress conditions 
 
Improvements to make the mining method more successful mean that during the 
Rib Pillar design and planning phase the following to be considered:  

 Consider the floor gradient to ensure that the water flow away from the 
production activity towards the goaf or to a place where bit can be pumped 

 When two panels are joining the interpanel barriers must be left to act as barriers 
to contain the accumulated water inflow 

 The panels to be designed to allow access to both continuous miners. 
 Alternative mining methods such as short walling to be considered at New 

Denmark mine. 
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7. TWISTDRAAI RIB PILLAR EXTRACTION 

7.1 Introduction 
 

Rib Pillar mining was introduced at Twistdraai mine during 1983, after it was found that 
geological conditions divided the coal reserve into small coal blocks which could not be mined 
by means of the two long wall sections at the mine. This mining method produced between 
18% and 25% of the  seven million tons/year mine. At this phase Twistdraai mine had 
extensive stooping of pillars experience. 

7.2 Geology of the coalfield (Figure 1stratigraphic columns) 

The average thickness of the No.4 lower coal seam is between 2.5 and 2.7 at a average 
depth of 115m  below surface. 

 

 

 

Figure 1- Twistdraai general stratigraphic columns 
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7.3. Mining method 

The same method initially introduced at Sigma and Middelbult mines was introduced here. 
Following some changes,  the method can be described as follows. 

7.3,1 Primary development (Figure 2) 

Primary development comprised  out of a three road development; two intakes and one return 
airway (See two layouts below). 

7.3.2. Secondary development 

The secondary development consisted out of two roads mined at 36m x 24m centres. The 
block of coal between the secondary developments were 42m wide. 

7.3.3. Changes made 

The double bleeder road reduced productivity during development (Figure 2: Twin bleeder 
road layout). This was changed to a single bleeder road with a protecting rib between the 
bleeder road and the goaf (See Single bleeder road layout). 

 

Figure 2- Twistdraai Rib Pillar development and panel layout with a twin bleeder roads 

Figure 3 is a mining layout with a single bleeder road that had less development. 
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Figure 3 - Development and extraction with single bleeder road 

 

7.3.4 Extraction method and support 

The cutting sequence is as described in the twin bleeder road layout in Figure 2 and the 
support description is as follows:  

 Breaker lines A and B and fingerline A were installed before fender cutting started 
 On completion of cut 4 b Breaker line C was installed and breakerline A removed 
 All roads except fender cutting were supported by means of 1. 8m mechanical 

anchor bolts, three in a row, staggered at three metres apart. 
 

 

 

 

7.3.5 Cutting sequence and support 



 

130 
 

 

Figure 4 - Detail fender removal cutting sequence 

7.4 Safety factor 

The safety factor in the primary development was 2.7 and secondary development 3.5. 

7.5 Advance and retreat rib pillar extraction 

To reduce the low productivity period during the Rib Pillar development phase, the mine 
started to do Rib Pillar extraction on an advance basis (Figure 6).  

 

Figure 6- Twistdraai advance Rib Pillar Extraction to reduce the 
development low productivity period 

After advancing the Rib Pillar development to the end of the reserves, the Rib Pillar 
extraction retreated from the same three road development (See the bleeder ventilation road 
around the goaf area). The in-panel percentage extraction was claimed to be 90%. 
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Figure 7- Twistdraai Retreat Rib Pillar mining 

 

7.6 Section staff per shift 

Miner 1 
Team leader 1 
CM Operator 1 1 
CM Operator 2 1 
Shuttle car operator          3 
Roof bolt operators             2 
Feeder breaker operator     1 
Support and ventilation        4 
Maintenance operator           1 
Electromechanic 2 
Total 17 

 

 

 

7.7 Production equipment 

The same equipment was used as described at Middelbult Rib Pillar mining. 
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      7.8 Problems encountered 

 When extracting the final lift of a fender, the intersection formed a large area of 
unsupported roof. The majority of roof falls on the CM occurred at this intersection 

 The violence of the first goaf caused quite a few goaf overruns over the CM ( van Eck 
 The percentage extraction was never measured from an individual Rib Pillar section. 

During high stress conditions miners left fenders, but claimed the production for it. 
 The percentage extraction actually achieved was much lower than 90% (van Eck) 
 Mining the fender development sometimes not on line caused unsafe fenders that 

could only be partially extracted. (van Eck) 
 Unplanned geological discontinuities effected productivity in the Rib Pillar section 

negatively (van Eck). 
  

7.9 Advantages of Rib Pillar System 

 The working cost is lower than bord and pillar development 
 Mining activity is concentrated in one area with improved supervision 
 It is an effective mining method of mining small blocks of coal of irregular shape 
 Ventilation that flows over the goaf effectively removes harmful dust. 

 

7.10 Disadvantages of Rib Pillar mining 

 On line cutting discipline is of utmost importance and if not done correctly can cause 
a high risk section with low productivity 

 Timber breaker lines at heights higher than 3.5m proofed to be ineffective and hazard 
to install 

 The violent goaf could not be controlled effectively (van Eck) 

8. CONCLUSION 
The advantages and disadvantages of Rib Pillar mining is discussed at the mine description. 
The lessons learnt from Rib Pillar mining can add value in improving CM productivity with 
linear mining methods. Rib pillar fender extraction methods can also improve the reserve 
utilisation of linear mining  
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1. AUGER MINING AT MATLA MINE 

1.1. Introduction 
 

The potential for underground from Augering machines has been recognised since the 1940s. 
These machines could bore into the virgin coal from stabilised entries and provide access to 
otherwise sterilized coal reserves. Additional advantages were an increase in safety, as  
excavation would take place in an unmanned area while the machinery itself would operate 
from a well-supported roadway. A prototype underground Auger mining system, called the Dry 
Bed 600 underground coal recovery Auger was designed and developed by the Dry Bed 
development Corporation in collaboration with Eskom and Cutting Edge Technologies 
supported by Anglo Coal and Ingwe Coal Corporation Ltd. It commenced trials in March 2000 
at Matla mine. After 30 surface/High wall holes were completed the machine moved 
underground for more comprehensive testing. 

1.2 Description of the Dry Bed 600 Auger 
 

The aim of this group project was to develop an underground mining system to mine the 
thinner coal (<1.8m) reserves in South Africa economically. Below is a photo of the machine 
and description of the main components, consisting  out of a mining unit and a Retrieval unit. 
The mining unit and retrieval unit could stabilise itself with cylinders between the roof and floor 
of the seam and consisted out of a cutting, coal conveyor unit and retrieval unit. 

 

Figure 1 - The Dry Bed 600 Auger with the different machine components 

Figure 2 below is a more comprehensive description of the retrieval unit. In the design 
particular attention was given to activities such as the flight handling in confined spaces,  
vertical and horizontal control of the system and operators safety. The retrieval unit also had 
an on board storage capacity of three flights  leaving the staging area free and allowing for  
normal operation of the system. The retrieval unit had a chain rack system to move Auger 



 

136 
 

flights towards and away from the staging area as required. The Auger latching and de-
latching was done remotely for improved safety. 

 

Figure 2 - Detail view of the retrieval unit with its different components 

Figure 3 is a detail view of the Drill Unit with the Operator cab, Gear case, Rear de–latch 
mechanism, Drive chuck, and Front de-latch mechanism and Roller bars to stabilise cutter 
head when starting a new hole. 

 

Figure 3 - Drill unit with its different components 

Figure 4 is a photo of the 1.83m diameter Auger head 

 

Figure 4 - 1,83m  diameter Auger head 
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1.3 Technical specifications  
Table 1 shows the technical specifications of the machine. 

Table 1 - Dry Bed 600 Auger technical specifications 

 

1.4 The basic concept of the operation of the machine 

Figure 5 is a simplified description of the operation of the machine and Figure 6 is a photo of 
the completed Auger holes. Figure 6 is a photo of the surface holes drilled at Matla mine and 
Figure 7 a plan view of the holes drilled 80m  deep. 

 

Figure 5 - The basic concept of the machine operation 
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Figure 6 - Photo of the surface holes drilled at Matla Mine 

 

 

Figure 7 - Plan view of surface holes drilled at Matla mine 
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1.5 Productivity achieved 

The graph below shows the expected productivity at the different cutter head diameters. No 
evidence of this productivity could be obtained. 

 

Figure 8 - Expected productivity at the different cutter head diameters 

The graph below shows a relationship between hole depth, engine horsepower and 
productivity of Auger mining productivity over the last 40 years (Updated 1995). 

  

Figure 9 - Auger development over the last 40 years comparing horse power, hole 
depth and productivity 
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2. RIETSPRUIT MINE AUGER MINING 
 

2.1. Introduction 

Rietspruit Mine Services Proprietary Limited, (Rietspruit)  situated near Kriel in the 
Mpumalanga Province,  was originally established as an opencast mine in 1976. The 
combination of opencast and underground mining meant that portions of coal seam could not 
be extracted from the vertical high wall, and these were regarded as sterilised reserves. The 
use of the coal recovery Auger miner resulted in the mine utilising the remaining reserves. 
Approximately 500 000 run-of-mine tonnes on the number 2 and 4 seam has been mined 
utilising an Auger mining method. 

 

2.2. Geology 

See stratigraphic column below 

 

Figure 10 - Rietspruit stratigraphic geological column 

 

2.3. Auger description and operation 

 

The Dry Bed 2348-72 coal recovery Auger used at Rietspruit weighs 84 tonnes, and is driven 
by a 1 000 horsepower diesel engine. The larger diameter 1.8m cutting head  drills into the 
coal seam at a rate of approximately 1.2mper minute. The flight conveyor hauls the coal from 
the cutting face to a side discharge pan conveyor and onto a crawler conveyor, and then it is 
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deposited beside the Auger. This coal is then loaded out to a stockpile, or directly onto tipper-
truck (Rear Dump Truck). The Auger miner is an entirely self-contained production unit and 
uses only diesel and hydraulic oil pressure. It is able to operate in remote parts of the mine 
without impacting on other operations and  consists of a cutting head, Auger flights latching 
mechanism and Auger fork. As the cutting head scrolls the coal, the rotating Auger flights 
transfers the coal backwards toward the hole opening. The coal is transferred into a pan 
conveyor onto the crawler conveyor. Auger mining operations are remotely controlled by 
controls from the operator’s cab. Auger mining requires a number of Auger flights to be 
secured to the cutting head for penetration and hole extension. A hoist mechanism is used to 
remove or add the Auger flights. The Auger miner is equipped with the components for 
elevation and alignment functions that provide manoeuvrability. The two hydraulic skids under 
the Auger miner are essentially the ‘feet’ of the machine enabling the Auger miner to walk, to 
turn and traverse through rough terrain. It has four hydraulic jacks that level the machine at 
the proper elevation and angle for the coal seam. Figure 11 is a photo of the Auger machine. 
In Figure 12 the crawler conveyor unit is included. 

 

Figure 11 - Photo of the Auger Drill Unit used at Rietspruit  
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Figure 12 - Photo of the Auger machine combination 

 

2.4. Extraction factor for Auger mining at Rietspruit 

 

Due to the different safety factors applied the extraction factor percentage varied between 
23% and 33% (See the Auger hole configuration and extraction percentages below). This is 
an indication that very low reserve utilisation is achieved with Auger mining. 
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Figure 14 - Auger hole configuration and extraction percentages 

 

 

3. AUGER MINING AT HLOBANE COLLIERY 

3.1. Introduction 
 

Hlobane is situated 28km east of Vryheid and is  one of the four mines of Iscor, which  
operated a small opencast contour mining operation where coal in the high wall was 
extracted by means of Auger mining. A strip of coal between the underground workings and 
the opencast could not be mined by underground mining methods and opencast mining due 
to the weathered geological conditions. After visiting other Auger mining operations, the 
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mine personnel decided to build their own Auger machine for surface and underground low 
seam mining. This was completed in October 1987 and after testing the machine 
underground, it was found that the pillar recovery percentage is much lower than other 
stooping methods. After this test it was decided to do only surface Auger mining. 

 

3.2. Sketch of the Auger unit 
Figure 15 is a sketch of the Auger unit with its main components 

 

Figure 15 - Schematically description of the Hlobane Auger unit 
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Component description list 

 

 

3.3. Coal seam mined 

 

A 600mm diameter Auger was used to mine the 700mm high seam  

 

 

Figure 16 - The 700 mm coal seam mined at Durnacol Colliery 

3.4. Productivity 

The maximum productivity /shift were 66 ROM tons. The production rate in tons/month on a 
single shift operation was 1 000. 
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4. GENERAL COMMENTS ON AUGER MINING IN SOUTH AFRICA (VAN ECK) 

Conclusions from the survey:  

 Augering is usually associated with contour strip-mining, recovering coal for a 
limited depth beyond the point where stripping becomes uneconomical because the 
seam of coal lies so far beneath the surface.(Minney) 

 The productivity of Auger mining is unacceptable low and nothing worthwhile was 
mentioned in any of the summarised reports 

 The percentage of coal extraction from Auger mining is much lower than other mining 
methods in pillar extraction (see Rietspruit and Hlobane tests) 

 A benefit of Auger mining is that the webs left between cuts are more stable than the 
high wall miner webs because they are “hour glass shaped” (Minney) 

 The Auger unit is entirely self-contained production unit and using only diesel and 
hydraulic oil pressure is able to operate in remote parts of the mine without impacting  
other operations 

 Auger mining does have a limited scope of use. 
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1. INTRODUCTION 

In 1991 punch mining was started at Bloomer Mine in West Virginia. In this type of mining 
proved  to be successful in countries such as Australia, America, and  Canada. Different 
types of mining machines can be used and in this case the Add car system was 
Implemented at Tweefontein Colliery, number five seam opencost high wall at Glencore Coal 
South Africa.  

While the system proved to be economical viable, it was stopped when Glencore bought 
over Xtrata Mining, a portfolio redesign decision (Venter) which makes mining of low seam 
opencast high wall coal a viable proposition. The system coal delivery and cost paid the 
investment off in one and a half years (Venter). 

2. LOCATION OF THE MINING AREA 

Figure 1 below is a location map of the mining area of Tweefontein mine where the Add car 
punch mining system was tested. 

 GLENCORE COAL S.A TWEEFONTEIN 

 

 Figure 1 ˗ ̶ Location map of the mining area 

3. GEOLOGY OF NO 5 COAL SEAM 

The coal seam mined (Figure 5) was the number five seam, between 34 and 26, and four 
metres  deep with Glaucnitic Sandstone/Siltstone lenses in the immediate floor and 
Sandstone deeper down. The immediate roof comprises Sandstone, micaceous with 
carbonate lenses in and further up to 20m. On average the coal seam is between one, five 
and 1.8m  thick (Figure 3 – photo of the seam). The coal is  soft with an average pick 
consumption of 200tons/pick, including the cutting of the 200mm layer sandstone in the roof. 
The mining area was well drilled with exploration holes enabling accurate geological 
mapping and mine planning.  
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Figure 2  ̶  Geology of East and West Pit no.5 Seam 

 

 

Figure 3 – Photo of the 1.5 to 1.8m no.5 Seam mined 

 

 4. REGIONAL HYDROLOGY 

The area had limited strata water, but excess water could effectively be drained through 
boreholes to the mined out number 4 Seam below. 
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5. MINING METHODOLOGY 

The seam was accessed by means of box cuts excavated 350m apart (Figure 5) . The coal 
was then mined out with 3.6m wide cut developments,  leaving 1.8 to 0.9m webs between 
developments. The planned cut depth was 250m and  planned to be done on both sides of 
the Box cut and leap frog every 50m . The Box cut development was kept at 300m  ahead of 
the punch mining process. A barrier pillar of 5.5m was left after every sixth cut. This gave six 
cuts per panel. The cuts were unsupported and not ventilated while mining and afterwards. 
(Coal had a very low Methane drainage rate, Venter, YEAR). The start-up planned production 
rate of 60 000 tons per month and the area to be mined at the West and East pit is laid out in 
Figure 4. 

 

Figure 4   ̶The start-up planning plan and high level mining parameters 

 

Figure 5 – Photo of a typical Box Cut development with the Punch Mining System in the 
longitudinal centre of the Box Cut  
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High wall preparation and safe making had to be done  using a high wall pecker mounted on 
an excavator frame (Figure 6).. This is an important factor to consider in the planning actions 
(Venter) 

 

Figure 6 – Highwall preparation and safe making  

6. CUT DEVELOPMENT METHODOLOGY 

The system consists of a Continuous Miner (CM) (Figure15) that is advanced into the coal 
by means of the car and Addcar launcher system. Coal from the CM  is transported through 
a Addcar piggy back conveyor system (Figure10) onto a coal stacker (Figure20). The 
technical advanced land inertial navigator mounted on the CM can steer the development 
road to a accuracy of 100mm in 400m cut. Figure 7 below is a schematically layout of the 
Addcar punch mining system.  

 

Figure 7 – Punch Mining System layout 
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A more comprehensive description of the system is given below. 

 

6.1 The Launch Vehicle (Figure 7) 

The launch vehicle is the centre piece of the operation. It houses the cable reel, airline reel, 
communication reel and waterline reel (Figure 9). Coal is  tipped from the conveyor system 
onto the belly belt that runs underneath the launch vehicle (Figure 10). The operator’s cab is 
mounted on the rear top of the launch vehicle (Figure11) and the  operator controls the total 
operation from the launcher cabin. In total are there seven screens to be watched. It also 
means steering the CM horizontally and vertically into the coal. Figure 11 is a photo of the 
horizontal and vertical display. The operator can also observe the amount of coal in the floor 
or roof left behind after mining (Figure 12). This is when selective mining is needed to be 
done.  

 

 

 

Figure 8 – Launch vehicle and completed cuts 

 

Figure 9  ̶  Feed cable, communication cable and water hose reel system on launch 
vehicle  
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Figure 10   ̶ Addcar tipping coal onto the launcher belly belt 

 

Figure 11   ̶ Operator’s cabin with Addcar operation view  

 

Figure 12   ̶ Cabin vertical and horizontal control display 

The top right hand side of the screen display shows coal remaining on the floor and roof of the 
cut. 
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The launch vehicle can move sideways, from cut to cut position. This is done by means of 
hydraulic cylinders as indicated below. 

 

 

Figure 13   ̶ Launch vehicle moving sideways to a next cut position 

 

When it is needed to move the launch vehicle to another site, the vehicle is lifted by means 
of its own hydraulic lift cylinders. A set of wheels are then fitted underneath it and it is towed 
away by a tow truck. 

 

Figure 14   ̶ Launch vehicle in transport 
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6.2. Continuous Miner (CM) 

Two CM were modified to attach to the Addcar system, one for maintenance and the other 
for  operation. The lead car attached to the CM steers the head up or down (Figure 15). 

 

Figure 15   ̶ CM attached to the Addcar starting a new cut 

 

 

6.3 Addcar system 

Each Addcar is fitted with a conveyor belt that is driven by an electric motor and gearbox 
system. The addcars are stored next to the launch vehicle (Figure17) and transported to the 
launch vehicle by means of a front end loader fitted with a loading attachment (Figure 17). 
On the launch vehicle, the addcar is already attach to the advanced addcar by means of a 
special attachment (Figure 19). The Launch vehicle cylinders push the addcar system 
forward, advancing the CM. In Figure 18 the Addcar is loaded onto the launch vehicle. 
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Figure 17 ̶  Addcars stored next to the launch vehicle and front-end-loader attachment 

 

 

Figure 18   ̶ Addcar being loaded onto the launch vehicle 

 

 

Figure 19   ̶ Addcar connecting attachment 

6.4. Coal stacker  

The launch vehicle belly belt tips onto the coal stacker feed belt (Figure 20). The coal 
stacker tips the coal in a 180 degree radius and can stockpile about one and a half shifts 
production. The stacker is also mounted on wheels and move forward to the new cut position 
with the launch vehicle. 
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Figure 20 –Coal Stacker 

 

7. MAINTENANCE 

In the case of a breakdown, the  maintenance system is  critical. Pulling out the system 
takes  3.5 to four hours, compared to the seven hours to complete a 250m production cut. 
The actual breakdown times of the different cause are shown in Table 1. The double CM  
flight chain was changed to a single chain flight chain and chain which the CM downtime 
(Figure16). 

 

Table 1 Breakdown of downtimes for a month 

 

 

 

Figure 16   ̶ CM  single chain flight conveyor 
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8. ROCK ENGINEERING 

The initial design of webs to be left between pillars is depicted in Table 2. Calculated from 
Rock engineering principles, this is  a web pillar width of 1.2m (Figure 21) and a safety factor 
of two gives an extraction factor of 65.5%. Due to the low knowledge of longitudinal pillar 
behaviour in South Africa, the stresses and deformation is  measured with horizontal and 
vertical tentiometers (Figure 22) This study indicated that the web width can be reduced to 
0,8m giving a safety factor of 1.6.The panel cuts were al increased from six to 12 between 
barrier pillars (Figure 23),  delivering a further improvement of reserve utilisation. 

Table 2 – Geotechnical web width design parameters 

 

 



 

160 
 

 

Figure 21 – Web width/ factor of safety and mining height graph 

 

Figure 22 – Sketch showing the geotech monitoring boreholes of ground movement 



 

161 
 

 

Figure 23 – Final altered web width graph  

 

9. PERSONNAL 

The total labour for the system for the mine is  62, including  the high wall preparation and 
safe making. The punch mining was done on a single 12  hour shift basis (Table 3)  

Table 3 –Total labour  

Description Amount 
Operation manager 1 
Engineer 1 
HR assistant 1 
Safety Officer 1 
HSEC administrator 1 
Maintenance coordinator 1 
Planned maintenance data capturer 1 
Driver HDV 1 
Office cleaners 2 
Change house and Laundry 4 
Miner/Artisan operator 5 
Cable handler 9 
FEL 988 operator 5 
Engineering supervisor 4 
Mining supervisor 1 
Artisan 14 
General labourers 4 
Operatives task 6 
Total 62 
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10. PRODUCTIVITY AND CUT DEPTH 

The system was designed to give 160 000 tons/month at a seam height of 1.6m. Figure 24 is 
the actual production for a six-month period. On average the system produced an estimated 
430 00tons tons/month on a single shift system. The highest month production was an 
estimated 760 00tons. 

 

 

Figure 24 – History of six month productivity period 

Figure 25 shows the cut length averaged an estimated 225m, compared to the planned cut 
distance of 350m. This was mostly caused by unstable roof strata as shown in the cut log 
obtained from the November 2013 cut log(Table 4). 

Figure 25 – History graph of planned depth of holes versus actual depth of holes 

 

 Table 4  ̶  Cut log, November 2013  
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11. COST 

The project budgeted capital was R200 million, against the actual capital expenditure of 
R170 million. 

Figure 26 is a total cost graph for the year 2013, which can be estimated at R160/ton of 
which labour is the highest. The box cut development cost was nearly 50% of total cost. The 
punch mining cost averaged at about R85/ton. 

 

Figure 26 – Addcar R/Ton cost breakdown for the tear 2013 
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12. VENTILATION 

The cuts were developed unventilated. This was done in the absence of methane near the 
open cut. In cases where  methane occurred, the system used a 1600c.f.m compressor with 
a flexible hose to ventilate the CM . No spontaneous combustion incidents occurred during 
the test.  

13. SAFETY 

While mining in a low laying area the CM  was flooded after a rain storm. Mining must 
always be up dip. No serious safety incident occurred during the period in operation and no  
significant incidents of the system getting stuck in the cut occurred. The rule was that all 
personnel  must be at least 12m  away from the highwall. 

14.  LESSONS LEARNT 

14.1 What worked well? 

 Single flight chain reduced the excessive breakdowns of double chain flight chain 
 Steel plate at launch ramp assisting in the transition and ensure stability. This should 

be in the launch ramp design 
 The emphasis on training of the crew worked well. 

 

14.2 Problem areas 

 The CM was not low enough at 1.67m and should have been at 1.5m as it  almost 
once got stuck (Venter) 

 Due to coal overload conveyor cars tripped, which could also be caused by spillage 
or the belt design 

 The soft mudstone floor posed huge challenges. The friable roof was stripped to a 
competent sandstone roof (average 200mm of roof stone cutting) 

 More emphasis on planning with an attempt to always cut up dip to prevent flooding 
of the machines 

 PVC conveyor belt with Nitrite top and bottom cover did not work. It was planned to 
replace it with rubber belt similar as used in America 

 Too much water was used for dust allaying and this should be redesigned for lesser 
dust allaying water 

 Too much heat was generated by the CM So it tripped after four to five  hours of 
operation to excessive heat. 

 It was a challenge to keep the box cut development at 300m ahead of the punch 
mining process 

 In the beginning there was a coal overproduction problem on the haulage system that 
caused excessive spillage. This was caused by an electrical problem and was 
resolved . 
 

15. Conclusive Remarks 

This is a proven punch mining system that is  being used extensively in the United States 
and other countries in the world for the last 15 years that abandoned low seam high wall coal 
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can be mined with economically as well as safely and environmental friendly.. The first unit 
installed in South Africa had a payback period of one and a half years. Factors that need to 
be considered before implementing such a system include geological conditions and 
softness of the coal.  The principles of mining with re-designed  machines can work in the 
underground coalmine circumstances. 
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1.LONG AND SHORTWALL WALL MINING IN THE WITBANK AND HIGHVELD 
COALFIELDS IN SOUTH AFRICA 
 
Wall mining in the Witbank and Highveld coalfields in South Africa Shortwall mining history is 
discussed by Fauconier and Kersten (1982) and identifies the evolution of the method from 
the use of powered supports and a Continuous Miner (CM) to the current concept of using a 
shearer with the powered supports, making a modern shortwall a short longwall. The 
consequence of using a CM resulted in face breaks as the span from the support to the face 
was to large.  
 
Longwall mining was extensively used at Sigma  and Colebrook collieries in the Vereeniging 
- Sasolburg coalfield in the 1970s and 1980s. At aroudn the same time,  a thin seam derivative 
was practiced at Durban Navigation Colliery.. Secunda collieries deployed as many as eight 
faces at one time, setting numerous world records for this method of production. New Denmark 
and Matla collieries soon followed with modern faces, while  New Denmark was the first 
colliery in South Africa to be designed as a longwall mine. Arnot colliery in the Witbank and 
Middleburg coalfield also had a successful run with a longwall unit. Matla  and New Denmark  
is the only colleries  with long or shortwall units running to date.  

2.SHORTWALL MINING AT MATLA COLLIERY 
 
Shortwall mining at Matla Colliery, situated at Kriel in the Highveld coalfield of Mpumalanga, 
is a modern mega-colliery with three shaft complexes. It  has three exploitable seams, with 
No. 4 Seam and No. 2 Seam equipped with the wall operations, with the other mineable seam,  
No. 5 Seam.  
 
In South Africa shortwall is the term for a short longwall. Production ranges from 12 to 15Mt 
(metric) per annum using two shortwall faces and 13 CM  sections. As a result of an objective 
to reduce the cost per ton of coal delivered to power stations by 20% in 1997 terms the mine 
opted for wall systems. It must also be noted that a scepticism with regard to the success of 
wall mining existed in South Africa at the time. The No. 2 Seam - the deepest of the three 
seams - is only at a depth of 116m at which satisfactory extraction rates can be achieved with 
partial extraction (pillar mining) ( Nel 2006).  
 

2.1 Hard cutting conditions at Matla Colliery 
Matla has some of the toughest cutting conditions in the world. The coal has a UCS of between 
20 to 35MPa (Average 25MPa). Random in-seam floating stone of 70 to 140MPa strength is 
very often found. The  four seam operation requires a specific energy of cutting of 0.35 to 
0.45kWh per tonne (metric). 

2.2 The coal seam at Matla Colliery 
The coal seam at Matla Colliery displays a low jointing and cleat density average of 
0.4cleats/m and 21cleats/m respectively. There is a low stress environment with the pillars 
and face displaying (Nel, 2006):  
 
No Spalling  
High abrasivity ( 300 – 400mgFe) 
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2.2.1 Geology between seams 
Figure 1 is a indication of the geology between the seams 

 
Figure 1 - Stratigraphic column between the coal seams 

2.3 Shearer Displays in the Matla  Environment (Nel, 2006): 
 Typical pick consumption (114t/pick) 
 Max Cutting Speed (Full Face Bi-Di) = 7m/min Matla claims low development costs. 
 The mine quantitatively designs the optimum face length based on NPV and IRR 

criteria  
 The optimum face length is given as 127m. The product homogenising objective 

requires blending No. 2 and No. 4 Seam coal. The mine claims that this action restrains 
production. 

2.4 Disadvantages of a short face (Nel, 2006):  
 High development rate required  
 Increased frequency of face moves  
 More advanced cycles per tonne  
 More arduous shearer duty cycle” (Nel, 2006).  

2.5 Advantages of a short face: 
 Simpler face steering 
 Ease of maintenance  
 High face advance  
 Less arduous loading on belt conveyors 

* Improved equipment repair process (Nel, 2006)  
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2.6 The Matla 4 Seam face equipment  

Consists of: 
 DBT Supports and AFC 
 JOY 06LS05 Shearer  
 Nepean conveyor drive 

2.7 Economic face length 
The optimal face length was mainly determined by the amount of shields used as this was the 
highest cost item. Figure 2 shows the intersection of the NPV and Irr curves which indicated 
the optomal face length. 

 
Figure2 -  Determination of optimal face length 

 The cut length of the face is 121m between gate roads 
 The maingate and tailgate are designed to a width of 7.2m  
 Width of gate belt conveyor -1,350mm at 35° trough angle. 

 
  

2.8  Shearer specifications (Figure3) 
 The shearer has the following specifications (Nel, 2006):  
 1 “Total installed power = 1 500kW 
 Power to ranging arm = 610kW  
 Nominal haulage pull = 690kN  
 Drum diameter = 2 286mm 
 Web depth = 1 000mm 
 Machine mass = 78t (86 UST) 7) Haulage type = Ultra Track (Nel, 2006) 
 Figure 3 is a photo of the Joy shearer at Matla 



 

171 
 

 
Figure 3- Joy Shearer at Matla 

2.9 Production Statistics 
Figure 4 illustrates the production reuslts of the Matla shortwall faces with the highest 
production per month of 496 000 tons 

2.10 Vital Statics of the Matla Face (Nel, 2006): 
  “Pick changing time 20 to 120 minutes.  
 System utilisation = ±53%. 
 Face move duration (two per annum) = 25 to 35 days. Limited by shearer overhaul 

time  (Nel, 2006). 
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Figure 4 - Matla shortwall production results 

 
 
Figure 5 - Matla shortwall face 
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3. LONGWALL MINING AT NEW DENMARK COLLIERY  
 
New Denmark Colliery NDC), an Anglo coal operation based in Standerton, situated about 
180 southeast of Johannesburg,  was designed as a wall mining operation with modern best 
practice systems chosen and implemented. In August 2004 it broke a new South African low 
seam long wall record of 464 095t (tonnes) using Joy machinery.. The mining height ranges 
from 1.5m to 2.1m with an average of 1.8m. Planned as a total longwalling operation, 
production at NDC commenced in 1982, and by the early 1990s the mine was running two 
long wall and two short wall districts at two shafts, namely Central and North, the latter of 
which was commissioned in 1986.  
 
Currently, the mine has consolidated operations at Central shaft, with North shaft closed, and 
a new area, serviced by Okhozini shaft, being developed. The remaining longwall operating 
at Central shaft has performed indifferently since installation in 1996, and was subjected to a 
joint intensive care programme commencing in 2002. The latest of these records was 464 095t 
achieved in August 2004. In addition, three daily records and one weekly record, on two 10-
hour shifts per day, were broken in achieving the result.  
 
A mechanised 200m deep underground coal mine, NDC is one of the deepest coal mines in 
South Africa. Main and secondary development is done using CM. The bulk of the production 
is sourced from one total extraction unit, using longwall mining methods. With a No.4 Seam 
bituminous coal reserve in excess of 300Mt, the expected life of the mine is more than 40 
years, depending on power demand from the southern African region (Marais, 2009). A new 
face has recently been installed (2010) but this has as yet not improved on production 
deliveries (Marais, 2009) 

4. LONGWALL MINING AT SASOL MINING - SECUNDA 
 
Secunda mines started up during 1980 with four mines and two longwall allocations / mine. 
The last longwall was phased out in 1997 at Bosjesspruit mine.  

4.1 Why were longwalss phased out at Sasol Mining? 
The high maintenance and refurbishing cost of a longwall system made it uneconomical to 
mine the short panel lengths experienced in the Secunda complex.Geological conditions 
caused longwall panel lengths to be not more than 1 000m on average causing unnecessary 
longwall moves which increased cost. Twistdraai mine experienced 24 longwall moves in a 
six year period with two longwall faces. 
 
Unexpected high inflow of water from the goaf was picked up by the panline and transferred 
onto the main conveyor belt causing excessive water on the 17 degrees incline conveyor 
belt causing numerous coal runbacks with the resultant downtime. 
 
The hard cutting conditions of six tons/pick caused high equipment breakdowns 

4.2 Equipment 
Most of the mines were equipped with Klockner Becorit shields and Anderson Mavor shearers. 
Twistdraai mine had a mining supplies shearer. 
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4.3 Lessons learnt 
Certainty of geological conditions is of utmost importance during feasibility study to 
implement long or shortwall sections. 
 
Infrastructure and support equipment necessary to maintain and move a longwall section 
must be done in detail during the feasibility study.The goaf formation is one of deciding 
factors in the longwall shield design during the commissioning of the longwalls at Sasol 
mining the shields could not carry the goaf cantilever. Several face breaks occurred due to 
this, causing unplanned production delays. 
 
4.4 Sasol mining feasibility study (Botes, 2016) 
At present the company is busy with a feasibility study of a longwall face with the following 
information.  

 Estimated cost of 250m longwall system at R11,50/$ exchange rate, cost R1,5 billion 
 Production capacity – 5 million tons/year 
 Expected longwall coal life – 19 years 
 Payback period for such a longwall – 15 years 
 Operating cash cost (Capital excluded) – R65/ton 
 Working height – 4,.5 – 5m 

 

4.4.1 Latest cost quotation for longwall equipment 
Table 1 is one of the latest cost quotations for longwall equipment. 
 
Table 1 Capital cost for longwall equipment 
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Table 2 Capital cost for a longwall at R11.50/$ exchange rate 

 
 
Table 3 – Capital cost of ionwall/face length at R16.50/$ exchange rate 
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4.4.2 Additional equipment needed to experdite the longwall moves 
The following equipment is necessary for improving the longwall move time: 

 Additional panline  
 10% additional shields  
 3 000m conveyor system ( 1 500m for present panel and 1 500m for next panel) 

If this additional cost is included, then the total cost of a 250m longwall amounts to R2 318 
billon at a average production rate of  4.7 million tons/year and 16 hours cutting time/day. This 
calculation is for an average seam height of 4.5m. 

5.ROCK MECHANICS OF WALL MINING 
 
The term longwalling means mechanical mining under the protection of shields. Therefore, it 
includes shortwalling, which is done with the same equipment, but shorter face lengths. Where 
a normal longwall face length is of the order of 200m, shortwall face lengths are in the region 
of 50 to 100m. The rock mechanics of a shortwall is similar to that of a longwall under the 
conditions of an overburden that has not failed through to surface.  
 
Van der Merwe (2002) wrote “Longwalling in South Africa has met with mixed fortunes. Few 
would doubt its benefits as a mining method under favourable conditions, less would dispute 
its problems under unfavourable conditions. Conditions in this context refer more to the macro 
geology than to micro ground conditions. Dykes are fairly common occurrences in the South 
African coalfields and while there are a number of methods of dealing with dykes in a longwall, 
they are expensive and they slow mining down. The occasional dyke does not present a 
serious problem, but where the frequency increases, a more flexible mining method is called 
for. As with pillar extraction the rock mechanics of longwalling in South Africa is dominated by 
the status (i.e. failed or intact) of the dolerite sill or another strong layer where it is present. 
The sill is an igneous intrusion in an otherwise sedimentary environment. The dolerite material 
is significantly stronger and stiffer than the surrounding rock types. It often has the capability 
to bridge over panels of common mining dimensions. Where this happens, significantly higher 
vertical loads result than in cases where it has failed or where it is absent. These increased 
loads are borne on the face, and inter-panel pillars, with a number of advantages and 
disadvantages to mining. However, it is important to note that the loads do not result from the 
sill, but from the fact that the sill prevents failure of the overburden. Therefore, the same effects 
will result from any other geological or mining condition that prevents overburden failure. Areas 
where at least one and often more of the overburden layers is a thick, massive sandstone that 
can also bridge a panel and thereby cause the same high stress levels that are associated 
with an intact dolerite sill. Failure of the sill has been studied and there are methods whereby 
its status can be predicted. The same cannot be said for the massive sandstone situation. The 
reason for this is that it is virtually impossible to judge the condition (massive or jointed) of 
sandstone from vertical exploration boreholes, while the presence of dolerite in a borehole is 
self evident. More often than not, one only becomes aware of the presence of massive 
sandstone after mining has started in a particular geotechnical area.”  
 
 
It should also be noted that the discussion to follow is restricted to the common South African 
situation, where the depth of mining is 200m or less and face lengths are up to 300m. 
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6. CONCLUSION 
Due to the high cost of a longwall system a detailed feasibility study is of utmost importance 
before the final decision is taken. Longwall coal reserves must be  explored and be proven for 
at least 15 years ahead, which add to additional prestart up cost of a longwall system. The 
difficulty in determining the strata behaviour makes the feasibility investigation more difficult. 
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1. PLOUGH MINING HISTORY 
 
The coal mining method plough mining,  invented in the early 1940s, was never successful 
applied in the South African coal mines. While many different Plough models were designed 
and tested underground, only  two models remain: the Reisshakenhobel, or base plate plough, 
and the Gleithobel, or gliding plough.  
 
Horsepower and plough speed have increased steadily over time. By the 1990s, installed 
cutting power had increased to 2 x 400kW with maximum plough speed finally reaching three 
m/s. Automated ploughing using electro-hydraulic controls with defined cutting depths finally 
allowed ploughing to become the most productive mining method for seams below 1.8m thick.  
 
Ever since the introduction of the Löbbe Plough, Caterpillar and its predecessors Bucyrus, 
DBT, Westfalia Becorit and Westfalia Luenen have installed more than 2 000 plough systems 
in many countries around the world. They were, and are, used for hard coal, lignite coal, 
phosphate and bauxite. For many years, ploughs also used a block anchorage system. This 
was for two purposes - they keep the AFC from creeping while keeping enough mechanical 
play between the individual line pans to allow them to be pushed over easily. Figure 1 is a 
photo of the plough system setup and constant low-pressure push principle. 
 
 

 
Figure 1 - Plough system setup and low pressure push principle. This is the modern 
Cat Block Anchorage System 
 
The breakthrough invention (outside of ever more horsepower) was the introduction of 
automated ploughing with defined cutting depths. The use of electromagnetic valves and reed 
rod stroke measurement sensors inside the ram cylinders — coupled with electronic control 
units in every shield — finally allowed ploughs to overcome the biggest weakness of previous 
systems. Now, the AFC with the attached plough guide could be pushed over with high 
pressure after the plough body had passed by a predefined stroke equivalent to the next 
cutting depth. This achieved a maximum plough speed of 3.6m/s with a maximum cutting 
depth in softer coal of 250mm and a face length of up to 400m. In Germany, this next-
generation Plough system — first installed in 2003 — achieved a productivity of more than 
twice the amount of coal ever mined from a 400m face on a 1.5m seam of extremely hard coal 
with up to 3 500 t/h production rate. Cleveland Cliffs at the Pinnacle mine increasing the plough 
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mining longwall record to more than 32 000 clean tonnes on 1 April 2014 in a seam only 1.42 
m thick (Figure 2). 

 
Figure 2 - Surface compatibility test for the Cleveland Cliffs plough system in the USA 
(2010) 

2. SUMMARY OF PLOUGH MINING  

DR. ULI PASCHEDAG, CATERPILLAR GLOBAL MINING 
“Automated Ploughing is the most productive longwall mining method for seams below 1.8m 
cutting height. High installed cutting power and Plough speed allow a maximum capacity of 3 
500t/h. Cat Plough systems allow clean extraction of low and medium coal seams with 
minimum mining of adjacent rock, which reduces costs. Associated with preparation and 
refuse disposal. Incremental ploughing with defined cutting depths and full automation without 
any operator being required at the face, combined with cutting power of up to 2 x 800kW, 
ensures high productivity even when extracting hard coal. With the ability to operate in seams 
as low as 0.8m, ploughs can therefore mine seams previously thought to be inaccessible. And 
from this minimum seam height up to 1.8m, the Cat plough system easily outperforms any 
shearer.”  
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Figure 3 - A plough in a low seam longwall 

3. COMPARISON BETWEEN SHEARER SYSTEMS AND PLOUGH SYSTEMS 
(Dr. Michael Myszkowski and Dr. Uli Paschedag) 
 
The area rate of advance is an important factor when measuring the performance of a 
longwall. This indicator describes a floor or a roof area exposed over a time unit. The area 
rate of advance can be based upon running or operational time and is usually presented in 
m²/min. Adapted from German experiences and statistics, the area rate of advance based on 
running time is generally higher in plough faces than it is in shearer faces. In a comprehensive 
study carried out on 75 German longwall faces over four years, the area rate of advance in 
plough faces was 58% higher than in shearer faces. Figure 4 indicates that the plough face 
has a higher area rate advance in comparable conditions. 
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Figure4 - Average area rate of advance comparison between a plough and a shearer in 
German shearer and Plough longwalls 1 
 

3.1 Daily face advance 
 
The comparison of the daily face advance in German shearer and plough longwalls generally 
favours plough faces. Plough faces on average have a 20% to 40% higher daily face advance. 

 
 

Figure 5 - Daily average face advance comparison between shearer and plough 
longwalls in German mines 

3.2 Coal conveyance 
 
The volume stream coming from a face depends mostly on the procedure chosen for that face. 
Shearer faces usually generate irregular volume streams. The shearer travelling from main to 
tail is loading a relatively thin layer of coal on the AFC because of the high difference in speed 
between shearer and AFC and a restriction caused by limited space under the shearer.  
 
On the contrary, during the trip from tail to main gate the load layer is much higher. In the case 
of unidirectional procedures, periods with high load are interlaced with periods where the AFC 
is almost empty. In the case of plough faces, the volume stream is also dependent on the 
procedure. When using the combination procedure, a constant volume stream can be 
achieved using a selection of cutting depths for both cutting directions. For the overtaking 
procedure, a constant volume stream can be obtained if the plough is running from drive to 
drive with the same cutting depth and a plough speed of three times that of the AFC velocity.  
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3.3 Technical Applicability 
 
Technical applicability is an important issue when selecting an extraction method. This 
includes considering  the relevant geological (inclusive tectonic and stratigraphical) and 
operational conditions. Below is a comparison between shearer and plough longwall mining, 
highlighting the important factors regarding the technical applicability of shearers and ploughs. 
 
 
Table 1 - Technical comparison between a plough and shearer 
  

 
 

3.4 Coal hardness 
 
Shearers can operate in both weak and hard coal seams. With increasing hardness of coal, 
the specific extraction energy (the amount of energy necessary to extract and load of 1m³ of 
coal) also increases, reducing the performance of shearers. Ploughs were used more 
frequently on soft coal in the past. The main reasons for that issue were low installed power 
and difficulty utilising that power.  
 
The situation has vastly improved over the last 10 years because of the following 
developments: 

 An implementation of reliable working microprocessors brought a breakthrough for 
ploughs. An incremental ploughing system now allows operators to set a cutting depth 
with high precision and eliminate previously frequent blockages 

 Chain breakages have been greatly reduced by the implementation of effective 
overload protection systems 

 Available power of plough systems has steadily increased. Today’s plough systems 
have up to 1.6MW (2,145hp) installed cutting power 

 Variable frequency drive (VFD) motors allow infinite speed adjustment; together with 
AFC motors of the same kind, they allow the optimisation of plough longwalls 
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 Due to these developments, modern Plough systems are able to extract the same hard 
coal that shearers do. 

 
 
3.5 Mining through faults 
 
Shearers cut hard rock by reducing haulage speed, but its specific extraction energy becomes 
inevitably higher and large quantities of fine coal and dust are created. Ploughs, in the past, 
have had difficulties crossing geological faults, due to a non-adjustable cutting depth and 
limited plough speed adjustment. The plough speed could only be reduced to either 50% or 
33% and the  setting of a defined smaller web was, in practical terms, almost impossible. A 
modern plough system equipped with incremental ploughing and variable frequency drives 
with a significantly higher installed power is able to set (reduce) both web and speed to a 
required level. This means that modern ploughs can cross faults as effectively as shearers do. 
For example, at Ibbenbüren Mine in Germany, a plough system was cutting rock at 60 MPa 
UCS on full height over a long distance while crossing a fault with a significant vertical step. 
 

3.6 Undulations 
 
Shearers are much longer than plough bodies and their AFC pans can bend vertically up to 
±3°. For that reason, shearers have difficulty negotiating undulations. Plough bodies are 
shorter and plough guides attached to the AFC pans can bend vertically up to ±6°, meaning 
that ploughs can handle face undulations much more easily than shearers. 
 

 
Figure 6 - Curvature a plough can negotiate 
 

3.7 Roof conditions 
 
Shearers can operate easily only if the roof is strong enough to span one open web cut while 
ploughs are better suited to control the roof by reducing the shield advancing web if the roof 
is friable in front of the shield canopy tip  
 

3.8 Coal size 
 
Shearers crush and mill the coal and adjoining rock during extraction, which is inevitably 
connected to the principle of shearing extraction. Thus, the mined coal is pulverised in 
comparison to ploughs, while ploughs cutting with a relatively high web and small velocity 
achieve larger-sized yield,  leading to lower processing costs. 



 

186 
 

 

3.9 Automation 
 
Shearers have recently begun to use a technique called memory cut to adapt the position of 
the ranging arms to local situations in the face. Still, even very modern shearers need constant 
assistance. Haulage speed is limited, as the operators need to walk with the shearer. It is 
expected that shearers will also require assistance in the future, even if technical 
developments move forward. Ploughs today are capable of working with complete autonomy, 
and in some mines, crews are not even permitted to stay at the face during production and  
the plough runs unmanned using a remote control from the surface without any assistance at 
the face. In many coal mines around the world, plough faces have been running automatically 
for some time. 
 

3.10 Methane Hazards 
 
Shearers work at lower speeds and larger cutting depths, so the volume stream of crushed 
coal from the face is much more concentrated on one place than it is when using a plough. 
Additionally, as previously stated, shearers crush and mill the coal vigorously, releasing more 
methane from a unit of extracted coal in a short time. Therefore, a higher level of local methane 
concentration is more probable in a shearer operation. Unfortunately, there are no known (at 
least to the authors) publications about direct comparison tests, so consideration and 
comparison of methane emission in shearer and plough faces is only theoretical. 
 

3.11 Coal dust hazards 
 
Shearers create a lot of fine coal dust concentrated in a relatively small area [20]. This is 
basically caused by the same factors as their higher methane production. Coal is crushed and 
milled by the rotating drum and the coal dust is blown into the surrounding atmosphere. The 
quantity and quality of dust depends on the type of extracted coal and on shearer parameters 
such as drum diameter, type, number and distribution of bits, rotational speed of the drum and 
shearer haulage speed [45].  To suppress the distribution of dust into the atmosphere, 
shearers rely on sophisticated spray systems. In most cases, the nozzles are placed directly 
on the drums. Water spray booms attached to the shearer are also frequently used to assist 
in dust suppression.  
 
In contrast, a plough produces more large coal lumps and less airborne dust. The percentage 
of large lumps increases and the airborne dust reduces as the ploughing depth increases. The 
airborne dust produced by the plough is more uniformly distributed in the air along the face. 
While cutting the face, the plough body always pushes a heap of crushed coal in front of it. 
With this type of system, the plough bits on the body are always cutting under a covering of 
coal, which suppresses dust propagation In plough faces, spraying systems are usually 
located under the shield canopies and sometimes in the spill plates of the AFC. The plough 
control system activates the nozzles just seconds before the arrival of the plough body and 
deactivates seconds after the plough passes. 
 

3.12 Roof support 
 
The most expensive part of every longwall is the roof support. Comprised of an array of 
shields, roof support costs are directly proportional to face length. The longer the face is, the 
more shields need to be used. In general, there are minor design distinctions between shields 
for plough and shearer faces.  
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The most important differences can be described as follows: 
 Shearer shields have rigid bases; plough shields have split bases 
 Shearer shields are equipped with base lift cylinders; low shields are not 
 Shearer shields have much longer canopies (nearly 20 – 30% longer) 
 Shearer shield canopies are equipped with front cantilevers; Plough shields are not 
 Plough shields (even when fully automated) may operate with a control device on every 

third shield. The adjacent shields are controlled by the control unit placed on the middle 
shield. Shields for a shearer face are slightly more expensive than plough shields for 
comparable geological conditions 

3.13 Plough compared to a shearer 
 
The costs of a longwall cutting machine such as a shearer or plough system are much lower 
than expenses for a roof support. Generally, they only cost 10% to 20% as much as the roof 
support system. A modern shearer is a highly complicated machine. In addition to a vast 
number of steel parts, a shearer has many mechanical, hydraulic, electric, and highly 
sophisticated electronic parts. The price for a shearer is almost irrespective to the face length. 
The costs for a Plough system depend (to a certain extent) on the length of the face. 
 
A plough system consists of: 

 Plough body 
 Plough guidance attached (welded) to the AFC pans 
 Plough chain of 38 or 42mm (1.5 or 1.7in) thickness and twice the length of the face 
 Two drives, consisting of plough box, gear box and motor. In the past, plough systems 

used pole-changeable asynchronous motors. This type of motor has only two 
 different speeds: low and high. Generally, high speed is two or three times higher than 

low speed. Since the beginning of this decade, VFD motors are frequently used on 
Plough systems. This type of motor allows a continuously variable setting of speed and 
is more expensive than the asynchronous motor., The costs for a shearer are roughly 
similar to those of a plough system under comparable face conditions, although the 
price for the most capable ploughs can be slightly higher. 

3.14 AFC cost of a plough compared to a shearer 
 
AFC costs depend almost entirely on the face’s length and height. Longer faces need more 
pans, longer chain assemblies and thus more power. More power means larger drives and 
larger supply units. Higher faces require wider pans to accommodate extracted coal. The 
differences between shearer and plough AFCs are fairly distinct. Drive frames for a plough 
system are more complicated because the plough drives are attached to the frame on the 
opposite side of the AFC drives. The pans for both systems are comparable, but spill plates 
have some differences. Additional elements for a shearer AFC are the components of the 
haulage system. Additional parts for a plough AFC are cylinders for the height control, which 
is called outrigger steering. Those cylinders are usually placed on every second pan in the 
face, though sometimes one is placed on every pan. AFC costs for a shearer face are slightly 
higher than they are for a plough face. 
 

3.15 Operating costs 
 
The sum of all expenses involved in setting up and maintaining the longwall is the operating 
cost of the face.  
 
The following list accounts for most of the operating costs: 

 Salaries, wages 
 Materials and consumables 
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 Spare parts 
 Energy 
 Depreciation, depletion, amortisation 
 Insurances 
 Rents. 

 
In order to compare shearers with ploughs, operating costs also have to be matched. To make  
that comparison as objective as possible, both longwall systems need to operate under 
comparable conditions. In the case of different conditions, an adequate sample must be taken 
to produce accurate results. A study was done in Germany, where numerous shearer and 
ploughs are in use that included comprehensive analysis of operating costs, among other 
factors. Over a period of four years, 75 longwalls were analysed. They consisted of 18 shearer 
and 57 plough faces The analysis spanned all faces and focused specifically on the most 
efficient longwalls. The figure below shows the results of that analysis. In both cases, operating 
costs of plough faces were lower than those of shearer faces. In the case of all faces, the 
difference amounted to 8.6%. The comparison of the best longwalls of both groups was even 
more specific. In this group, the discrepancy between operating costs of plough and shearer 
longwalls was almost 20%. 
 

 
Figure 7 - Comparison between the operational cost of a plough and shearer 
 

3.16 Capital cost 
 
The table below shows a general relative comparison of capital costs for a comparable shearer 
and plough face.  
 
The face equipment was subdivided into: 

 Extraction machine type: a shearer is an integral device, but a plough system has a 
fragmented structure with plough guidance attached to the AFC containing chains and 
two (or one) drives placed at face ends and attached to frames 

 AFC being relatively similar in both cases 
 Electric and hydraulic equipment is slightly different in both cases 
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 Shields of the roof support: differences between shields for shearer and plough faces 
are described in section 

 
 
 
 
 
 
Table 2 - Capital comparison between an shearer and plough face 

 
 
The situation is different for ploughs as a plough body, which moves along the face, cutting 
and loading coal, consists only of steel parts. There are no rotating parts like motors, 
gearboxes or pumps, all of which can be easily damaged. So, although the plough is complex 
in design, it is really just a hunk of steel that is resistant to mechanical forces and other 
destructive factors. While the Plough body moves a few times faster than a shearer and is a 
subject to higher forces, its robustness makes it much less vulnerable. The wear parts of a 
plough system are the bits, gliding parts of the plough body, chain and sprockets. The wear 
parts will need to be periodically replaced and the plough guidance and plough body will need 
to be overhauled through welding. The lifespan of plough can reach 35 million tons, depending 
on working conditions. 
 
Plough system – A Plough system working under comparable conditions requires similar 
overhaul periods, though the average overhaul expenses are slightly lower. The total number 
of overhauls during the life of a plough is similar to that of a shearer. 
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Although Plough mining was never practised in the South African coal mines, the advances 
made in the development and productivity of it cannot be disregarded and to be considered in 
feature feasibility studies, especially in low seam mining. The development and improvement 
in cutting hard coal with a plough is also noteworthy. Plough mining proofed itself more 
economical in mining low coal seam conditions. 
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1. INTRODUCTION 
To date no evidence could be found where backfilling was used in a South African colliery as 
a method to deliberately increase the extraction of coal reserves. Backfilling was mostly 
done to protect surface infrastructure due to pillar failure or deterioration. Although backfilling 
may increase reserve recovery it may not necessarily be economical to do it. The cost of 
backfilling should be weighed against the cost necessary to exploit the additional required 
coal reserves. The environmental impact of backfilling is also under investigation by 
institutions such as Coaltech and needs further investigation. The support ability of the filling 
material also need a more comprehensive and detail study and investigation.  

2. BACKFILLING DESCRIBTION 
Backfilling is the mechanical or hydraulic placing of a waste material into the workings of the 
mine to stabilise them. Materials currently available on a colliery are the stone separated 
from the coal (which is mechanically placed onto dumps), slime residue, containing very fine 
coal, clay and iron pyrites, which  is usually placed hydraulically onto/into slime dams. Fly 
ash is available on some collieries either from an Eskom tied colliery or a facility nearby, but 
fly ash is a difficult material to work with as it is very abrasive, contains lumps of clinker and 
the glassy, bubbly nature of the particles, which requires large quantities of water to mobilise 
the material. 

3. ADVANTAGES OF BACKFILLING 

Backfilling can have the following advantages:  

 The ground support function of backfilling is the most important advantage for fill as a 
structural component, 

 Higher reserve utilisation if pillars are mined at a low safety factor thus increasing 
reserve utilization. Can also be used to reduce working height after bottom or top 
coal mining took place, 

 Elimination of the environmental, health, safety, and social problems associated with 
surface disposal. 

 

4. DISADVANTAGES OF BACKFILLING 

Backfilling can have the following disadvantages:  

 The main disadvantage of stowing coal waste underground is the resulting increase 
in cost 

 Obtaining enough fill material to occupy underground voids can be a problem 
 Possible pollution of ground water. 

 

5. WHERE WILL BACKFILLING BE USED? (Minney). 

Two situations can be envisaged: 

 Current mining panels to a very low factor of safety, one or less to optimise 
extraction. These panels would need to be filled to ensure the long-term stability of 
other seams or the surface land. Reference is made to SACMA Paper by Oldroyd 
and Whitefield, 1986; Bord and Pillar Mining to a Safety Factor of 1, A Trial at 
Blinkpan Colliery. 
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 E.G. Sterilised 4 Seam reserves over low safety factor of pillars on the No.2 Seam, 
where the 2 Seam workings are no longer accessible. 
 

 

6. WHAT MATERIAL CAN BE USED FOR FILLING? (Minney). 

6.1 Plant Residue 

In the past workings have been successively stabilised by disposing of plant residues in the 
underground workings of the mine (New Clydesdale, Bank and Sigma collieries). The 
introduction of technology to treat fine coal has reduced the availability of this material. 

6.2 Fly ash 

Fly ash has been used historically to stabilise mine workings. For example, is at 
Koornfontein Colliery it was  used on the 2 Seam workings to guarantee the stability of the 5 
Seam, which was owned and mined by another colliery. 

7. WHOSE PERMISSION IS REQUIRED TO DO THE FILLING? (Minney). 

The Department of Water and Sanitation needs to know that all the properties associated 
with the filling material have been determined, specifically: 

 If the workings are flooded, what is in the displaced water and how will any risks be 
mitigated? 

 What is in the backfill and backfill water, which may be leached out when steady 
state conditions are achieved, and how will these be managed? 

 

The answer to some of these questions is determined by static and dynamic filtration tests 
conducted on the selected fill material. The Geotechnical Laboratory at Soil lab in Pretoria 
(www.soillab.co.za) has the facilities to perform both Falling Head and Kinetic Head tests to 
the ASTM Standard D2434-1974, while  some of the engineering faculties of the local 
universities offer a similar service. An organisation called Chemtech is certified to test for 48 
metals and non-metals, and is accredited for environmental testing, and is capable of testing 
the filtrate collected from the above-mentioned percolation test. (www.chemtechlab.co.za). 

8. OTHER BACKFILLING METHODS TO INCREASE COAL RESERVE UTILISATION 

8.1 Backfill mining method proposal (Donovan) 

Below is an  extract from JG Donavan’s  (May 1999 Blacksburg, Virginia) thesis, The effects 
of backfilling on ground control and recovery in thin-seam coal mining that suggests a 
possible method that can be used to increase the reserve utilisation  
8.1.1 The Self-Advancing Miner (SAM) 
 
Based upon past attempts, and failures, at linear mining, the Self-Advancing 
Miner (SAM) was conceived. Three major problems associated with past 
linear mining methods are  addressed by the SAM; that is:  
(1) Lack of an accurate coal-rock interface sensing device,  
(2) Lack of steering control, and 
(3) Inadequate materials handling system. 
 
These problems were alleviated by the design of the SAM, which  

http://www.soillab.co.za/
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can be thought of as a remote-controlled CM With a drum shearer, equal in size to the seam 
thickness that rides on a caterpillar and cuts its way through the coal. A conveyor train is 
attached to the caterpillar and carries broken coal away from the cutting face. A built-in coal-
rock interface detection device continuously monitors the direction of cutting. Control of 
lateral steering is provided by differential rotation of the caterpillar and vertical steering is 
provided by two hydraulic rams that position the shearer above and below the horizon. 
Figure 1 is a schematic of the SAM and its components. From this figure, it can be seen that 
the stalls will be cut at an angle. The angle of the cut will be about 40 degrees and is 
required so that the shearer and train conveyor can negotiate turns and corners. This 
requirement necessitates a different layout of the main development entries and panels. 
 

 

Figure 1 - The SAM and backfilling activities. 

8.1.2 Detailed panel layout for the SAM 

Figure 2 illustrates the panel geometry created by the development of entries and cross-cuts. 
Since the design of entries and chain pillars is unique to each mine, a three-entry system was 
chosen. The connection roads will be driven at an angle, in this case 45°,  to maximise panel 
recovery. The length of each panel will be 1 200m. The width of each panel will vary with depth 
to accommodate a barrier pillar that will run through the centre of each panel. Upon extraction 
of the panels, the barrier pillar and a series of pillars left between cuts will remain in every 
panel. Larger pillars will also be left at the ends of the panels to protect the cross-cuts. Figure 
3 shows the after extraction layout. 
 
In reality, the actual layout of the mine will be dictated by the geometry of the coal seam and 
that will be distinct to each mine. However, assuming SAM technology is employed, the 
geometry of each panel and each cut will prevailingly be the same. Therefore, the stability of 
the pillars left between cuts can be analysed regardless of differences between individual 
thickness coal seams. 
 
Backfilling each individual cut made by the SAM may provide the kind of decrease in pillar 
widths that is needed for improved recovery. However, the increase in recovery must be 
substantial enough to justify the cost of backfilling in addition to improving the overall 
economics of the mining operation.  
 
There is no current procedure for the design of pillars that easily takes the effect of backfill 
into account. Although the support mechanisms of backfill are understood they have been 
developed qualitatively rather than quantitatively. Most of the research has focused on the 
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properties, strength, and effects of backfill without clearly defining a design approach. In cut-
and-fill mining the design of backfill has been developed mainly from experience and so  it 
was difficult to incorporate the effect of backfill on the longitudinal pillars.  
 
The most important concept of backfill support is that the fill itself does not support the 
overburden. The additional strength that the fill transmits to the pillars is imparted as a 
horizontal pressure along the sides of the pillars. The weight of the fill itself provides some 
lateral resistance to the pillars. However, the magnitude of that resistance, even for strong, 
dense fills, would be too small to have any effect on the overall strength of the pillar. 
 
The cohesion of the fill is dependent on its properties and mix design while any surcharging 
loading will be a result of roof and pillar deformations. As the overlying strata deforms into 
the fill, the lateral pressure exerted by the fill increases by an amount equal to the surcharge 
load (Figure 4).  

 

 

Figure 2 - Panel development layout 
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Figure - 3 After panel extraction 

Figure 4 illustrates the process by which lateral pressure will develop within the 
fill. The resistance is contingent upon deformation of the roof and pillars, so  the fill 
acts as a passive support. It should be noted that to restrain the pillars, the 
backfill should have similar or greater initial stiffness than the coal pillar (Clark & 
Boyd, 1998). However, even very compressible fills will eventually develop passive 
resistance to surrounding deformations based solely on volumetric constraint. 

 

 

Figure 4 - Development of maximum fill pressure 

Since SAM cuts are so narrow, the unbroken strata above the fractured zone, in some 
instances, can be assumed to be bridged by side abutments located above the pillars. 
Based on this phenomenon, the maximum surcharge load will probably never reach the total 
weight of the overburden. Although larger increases in pillar strength may be possible, the 
effectiveness of fill as a ground support method needs to be quantified further (Hume & 
Searle, 1998). 
 
 8.1.3 Recovery rates from backfilled panels 
 
The greatest increases in recovery occur as the depth increases and the magnitude of 
support increases, mainly because the non-backfilled recovery is so poor at greater depths. 
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The overall range of improvement is from a minimum of three percent to a maximum of 32%. 
It is obvious that backfill can improve recovery. However, the increases in recovery may not 
validate the cost of the backfilling operation. 
 
8.1.4 Backfilling costs and other considerations 
 
The improvement in recovery created by the use of backfill may not outweigh the 
increase in costs incurred by the installation and operation of the backfilling system. A 
cost analysis must be carried out to determine the economic feasibility of backfill. In 
addition to cost there are other issues concerning backfill that can affect its potential, 
including:   

 Environmental issues 
 Availability of suitable backfill material 
 Redesign of the mining method. 

 
Only after full consideration can the full potential of backfill can be determined. 
 

8.2 Solid backfill techniques in China 

8.2.1 Background information 

All the information below is an extract of solid backfilling that was done in China at Nanyang 
Lake dam at the no. 6 working face of the Jisan Coal Mine. This was a pilot project to determine 
if coal reserves locked under lakes, buildings and other surface structures can be extracted 
economically and safely.  
 
8.2.2 Location and description of site (Sketch 1) 
The pilot area was a coal pillar under Nanyang Lake dam at the no. 6 working face of the 
Jisan Coal Mine. The face was 548m long and 250m wide, with a recoverable reserve of 560 
000 tons. The southern part of the pilot face was located beneath the Nanyang Lake dam, 
with  Nanyang Lake located southwest of the Jisan Coal Mine. The Beijing-Hangzhou Canal 
and Sihe and Xingfu rivers flow into the lake. The water in the middle of the lake is two metres 
deep and can reach four metres during the rainy season. The embankment dam on the north 
side of Nanyang Lake is above the mining area, and is also a major flood control project. The 
river side of this earthen dam is surfaced with stone. Three working faces were planned in the 
pilot area.  
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Sketch 1 - Plan of the Nanyang Lake Dam and longwall faces 
 
8.2.3 Geology of the coal seam 
The geology of the coal seam is as described in Table 1. The coal seam was mined at a 
height of 2.5m. 
 
 
 
 
 
 
 
Table 1 
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8.2.4 Backfill material 
 
The backfill material was waste rock generated from roadway. The waste was conveyed to a 
bunker which located in west area and stored temporarily. When needed, it was screened by 
a graded sieve (Type WZT-1042) and crushed by a toothed roll crusher (Type 2PLF90/150). 
After that, the crushed and screened waste rock was transported to the working face and 
backfilled into a goaf. 
 
8.2.5 Backfilling equipment and method description (Figure 2) 
 
A backfill waste rock AFC conveyor and a self-shift loader were installed at the back of the 
longwall shields as well as  a compactor to compact the stowed fill material. A self-shift 
loader transferred the waste rock from the belt conveyor to the backfill conveyor (Figure 3) 
with backfilling and mining done concurrently. The backfill conveyor had waste rock 
unloading holes that opens and closes by means of telescopic cylinders. The compactor 
pushes the waste rock that remains under the backfill conveyor towards the roof until the 
waste rock is compacted. The last process is to close all the unloading holes to backfill the 
space occupied by the conveyor's head section. 
. 
 

 
Figure 2 - Backfill AFC conveyor and compactor at the back of longwall shields 
 

 
Figure 3 - Self shift loader to transfer coal from the section conveyor to the face waste rock 
conveyor 
 
8.2.6 Backfill technology 
The backfill technology is described in the document as follows:  
“The solid backfill mining technology combines the mining and backfill processes, with the 
latter following the former. At the beginning, the backfill support advances after the coal is cut, 
then the backfill conveyor moves backwards along the support back beam. The 
backfill conveyor, self-shift loader and belt conveyor start in turn, and backfilling begins. 
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The backfilling process proceeds from the tail to the head of the backfill conveyor. When waste 
rock dropped from the unloading hole at the bottom of the backfill conveyor reaches a certain 
height, the next unloading hole is opened, and the compactor of the former support 
starts to tamp the waste. This process is repeated until the waste has been sufficiently tamped. 
Generally, two or three cycles are required. This first round of backfilling stops after the face 
has been fully filled. At this point, the first round of the backfill process is complete, and the 
backfill conveyor moves forwards along the support backbeam. After the first backfill cycle is 
complete, the backfill conveyor is pushed forwards to prepare for the next backfill process.”  
 
8.2.7 Roof convergence monitoring 
 
To monitor how the solid backfill activity affects roof sinking, two rows of monitors were 
installed in the backfill area, 10 and 30m away from the open cut, respectively. The greatest 
change in sinking values was from  the no.3 and no.8 monitors in the middle of each row. .  
 
As shown in Figure - 4, roof sinking could be divided into three stages:  

- within the range 0-35 m, there is no obvious roof sinking 
- the roof sinking value increases gradually in the second stage (35 - 90m); and 

the last stage (greater than 90m) is steady. 
- The maximum sinking value from the no.3 monitor is smaller than the one from 

the no.8 monitor because the former is nearer the open cut. Ten months after 
mining, the maximum roof sinking value measured was 292mm (from the no.  
monitor) and 381 m (from the no.  monitor) respectively. Hence, it is reasonable 
to take 381 mm as the actual maximum EMH at the workface. 

 

 
Figure 4 - Roof convergence at the different roof convergence monitors 
 
8.2.8 Dam deformation monitoring and results  
 
 A mobile monitoring line was deployed along the top of dam, including four fixed points and 
30 monitoring points. As shown in Table 2, the filling ratio underground was 89-1%, the EMH 
was 381mm, and the real backfill quality was better than the designed expectation. For the 
surface level, the maximum sink measurement was 42mm and the maximum horizontal strain 
was 0-16mm. Both were much lower than the expected deformation. No cracks developed in 
the dam during the mining process, and it was safe thereafter. 
 
Table 2 
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8.2.9 Economic and social benefits 
The following economic statement was made in the document:  
“Based on calculation of the total costs so far to backfill the no.3 Coal mine and income from 
sale of the coal, coal resources extracted from no.6304-1 working face brought 125 million 
Juan of direct economic benefits. More importantly; the technology has provided a feasible 
solution to extracting coal resources trapped under dams in no.3 coal mine in Jining and other 
similar mining areas around China. The recovery ratio was enhanced and the service life of 
coal mines would also be prolonged”. 
 
8.2.10 Conclusions 
After completion of recovery work at no. 6304-1 working face, the monitored maximum 
subsidence was 42mm and the maximum horizontal strain was 0-16mm, which were both 
much, lower than the predicted and extreme values. To sum up, solid backfill mining 
technology has played an important role in controlling strata movement and surface dam 
deformation and has contributed to extracting coal reserves buried under dams in a safe.  
 
9. OVERALL CONCLUSION 
 
Back filling is a comprehensive subject and needs to be researched in more detail to determine 
the real merit of it in relation to increased reserve utilisation. The coal price, environmental 
factors, backfill plant and placement costs play a major role in the feasibility of a backfilling 
project. 
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1. INTRODUCTION 
 

This mining system was designed by Phillip Venter and Hein Lars and tested at Bosjesspruit 
mine during the year 2010. The system design was mainly to mine 20 million tons coal at an 
average seam height of 1.8m. It reached only the project testing phase and was stopped 
before being fully operational. The purpose of this project was that the expected higher 
productivity (than other low seam mining methods), will make mining of the 1.8 meter seam a 
viable proposition. The focus of this report is to focus more on the learning’s during the test 
period and not only on the failures. The idea of this mining methodology was taken from the 
potash mines of Canada where it is in operation and highly successful, in an average working 
height of 3.5m. This method was also tested at Cook mine in Australia (See locality below) 
and stopped due to adverse geological conditions (Venter). 

 

Figure 1 - Locality of Cook Mine in Australia 



 

206 
 

 

 

 

 

 

2. LOCALITY OF THE MINING AREA 
Figure 2 Location map of Bosjesspruit Mine 

 

Figure 2 - Map of the mining area 

 

3. GEOLOGY OF NO 4 LOWER COAL SEAM 
The coal seam mined throughout is mainly the Number 4 Lower Seam that varies in thickness 
from 0m to about 5.5m. The Number 4 Lower Seam is separated from the Upper Seam mostly 
by a thick carbonaceous shale layer. The mining of the Number 4 Lower Seam occurs between 
50m and 220m below surface (Figure 3) - generally averaging about 150m. 

In the case of the Linear mining test the seam height averaged two metres at a depth of 150m 
. Figure 3 is a strata graphic column of the area. 
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Figure - 3 Stratigraphic column of the Secunda Coalfield 

 

4. MINING METHODOLOGY (VENTER) 
 

With bord and pillar mining using shuttle cars reaching the end of its productivity potential, a 
step change mining method was needed. Linear mining personnel’s extensive involvement 
with coal mining and the optimisation of bord and pillar (B&P) mines resulted in the 
development of an upgraded mining method that reduces or eliminates most of the 
unproductive tasks associated with B&P mining. B&P is, therefore, a logical development 
where mining, engineering, equipment and logistics have been integrated in a sustainable 
mining method that is fully mechanised, simple, safe and repetitive.  B&P mining relies on 
advance mining with a Continuous Miner (CM) using mostly batching haulers to clear the coal 
from behind the CM with extensive manhandling of cables, hoses and consumables. Linear 
mining method develop main roads in advance (similar to B&P) but relies on retreat production 
mining with a CM using a continuous coal clearance system (continuous haulage) with 
minimised manhandling of cables, hoses and consumables.  

 

4.1 Layout comparison between bord, pillar and linear mining 
 

Both methods leave a checker board layout of roadways with coal pillars to support and keep 
the roof up. In the case of B&P the pillars are square and in the case of Magatar the pillars 
are at a slight angle (Figure 4). 
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Comparison between B&P and  Linear CM

Typical Bord & Pillar Typical Magatar LCM
Magatar

 

Figure 4- Bord, pillar and Magatar (linear mining) mining layout 

4.2 Bord and pillar and Magatar mining comparison 
Table 1 lists the main drawbacks inherent to traditional B&P and how these have been 
planned to be addressed by the Linear mining method. 

Table 1- Comparison between bord and pillar and Magatar (linear) mining 
Board and Pillar Linear Mining 
Cut roads in a complex sequence with 
excessive manoeuvring and unproductive 
tramming resulting in reduces time for the 
CM to cut coal 

CM cuts coal in a simpler sequence with 
less manoeuvring and unproductive 
tramming of the CM. Resulting in more time 
available for the CM to cut coal 

Coal clearance behind the CM is in batches 
with substantial CM waiting time for the 
batching haulers 

Coal clearance system behind the Cm is 
continuous with more time unavailable for 
the CM to cut coal 

Belt extensions are manual with extensive 
manhandling of cables, belt and 
infrastructure 

Belt extensions are done from a storage 
magazine, similar to a drive system. Using 
a powered mobile tailed and self-deployed 
belt support structure 

Step wise belt extensions and transformer 
moves. This increase hauler travelling time 

Constant extensions of belt with electrical 
supply gear always close to the CM 

Production mining done in advance. Thus, 
accessing the working areas through 
worked out areas, which is a safety risk 

Do production mining in retreat with 
equipment and people not in the mined out 
area, which is a reduction of the safety risk 
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The case study done at Cook Mine proved the higher cutting time with linear mining (Figure 
4)  and improved productivity. 

 

Case Study - Cook Colliery 

1 B&P Section      =  20m per shift
2 Linear mining Section  = 60m per shift
Based on best shifts for both sections
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Figure -.4 Improved cutting minutes and productivity of linear mining 

 4.3 Magatar system summary 
To summarise, the system was planned to be a total integrated system that includes 
the following activities: 

 Cutting 
 Bolting 
 Loading 
 Coal conveying 
 Quick equipment movement 
 Rapid belt extensions 
 Services (power, water, air, ventilation, communication, stone dusting, 

maintenance).  
 

4.4 Retreat mining 
The mining layout was also designed to do retreat mining as shown in the example 
below. This means mining smaller pillars on a retreat system. This could lift 
productivity with at least 50% higher than shuttle car mining also increase the coal 
reserve utilization. Figure 5 is a concept layout of the retreat mining method. The 
attached graph below is a comparison of the potential cutting tons/month of the two 
mining methods. 



 

210 
 

 

Figure 5 - Expected improved productivity with Magatar mining 

5. EQUIPMENT  

5.1 Equipment description 
Figure 6 is a schematic layout of equipment used similar as at the Potash mines in Canada 
(Saskatoon) In the case of Magatar the same flexi conveyor system was used and an 
ABM10 bolter miner. To adapt for the low seam environment the flexiveyor had to be 
modified, also the steer guiding mechanism of the conveyor system needed modifications. 
These modifications needed some further development after the implementation phase. 

 

ABM 10 was 
used during the 
test 
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Figure 6 - Flexiveyor equipment layout 

5.2 ABM10 Miner/bolter 
Figure 7 is the bolter miner that was used. This machine cutter head re-design did 
not feed the coal through the throat at the designed feed rate. The bolter units also 
could not effectively support at the low roof and sidewalls 

ABM 10
GENERAL ARRANGEMENT

 

Figure 7- ABM Bolter Miner used during the Magatar test  

5.3 Conveyor system 
The Flexiveyor system (Figure 8) was redesigned for the South African conditions.  This 
redesign needed further development. The redesign system had a lower frame structure that 
had insufficient ground clearance at floor undulations (Figure 9).  

 

 

Figure 8 - Original Flexiveyor system 
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Figure 9 - Modified Magatar conveyor system 

5.4 Method of belt extension 
A mobile tail end pulled a cassette structure forward (Figure10)with the self-locking stringers 
keeping  the roller frames in position. This method improved belt extension time and was less 
labour intensive. 

 

 

Figure 10 - Mobile tail end 

Figure 11 is the cassette belt extending system that was pulled in the extended position by a 
track driven mobile tail end (Figure 12 & 13) 

Low ground clearance did not 
allowed for  floor undulations 
experienced. 

Structure cassette was 
attached in this position 
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Figure 11- Self locking extendible conveyor structure in closed position 

 

 

 

Figure 12 - Self locking belt structure in extended position 

              

Self-locking stringers 



 

214 
 

        

   
Figure 13 - Structure in an extended position                                        
    

 

6. LABOUR 
 

The mining method was designed for eight people per shift, but more people were needed  
due to the non-effective mechanisation of the system. A B&P shuttle car section utilised  13 
people per shift. 

 7. WHY WAS MAGATAR STOPPED? 
 

The new mining method was budgeted to give a normal section production of 900 
000tons/year, but  could not deliver on this call during the implementation phase. Below is a 
summary of the main contributory factors (Venter). 

 Workers not used to the underground conditions and not familiar enough with the 
new mining equipment 

 Not enough capital available to do the necessary modifications 
 Alignment system of conveyor wheels was still in a development phase 
 The system could not cope well with floor undulations 
 The area where the system was commissioned at was lower than designed for (two 

metres  high) and the ABM 10 CM /bolter had difficulty to install the required 1.8m 
bolts without drill rod changing. 

 Not enough buy in and ownership of the management team. The change 
management for implementing a new mining system was not well done  
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 The ABM 10 throat was not designed well for a through flow of coal. Could not reach 
the designed 600 tons per hour capacity 

 Sidewall bolting was required and the equipment could not do it 
 The system was sold as an economic unit and could not deliver on it 
 The dust allaying system needed further development to comply with legal 

requirements 
 The equipment was operated by a contractor that caused a lack of ownership 
 Too many modifications that needed further development:  

- The conveyor system navigation system 
- The dust allaying system 
- Roof bolting system at a lower height 
- The tipping arrangement onto the conveyor belt system 
- Spillage arrangement at the conveyor tip over points. 

 
8. SEGMENT THAT WORKED WELL ON THE SYSTEM 
The mobile tail-end, belt storage and magazine combination worked well and caused quick 
conveyor belt extensions. 

9. ACKNOWLEDGEMENT 
Thank you to Philip Venter and Hein Lars, directors of Magatar Mining and Sasol Mining 
personal for their contribution, openness and time during the follow up discussions of the 
Magatar mining trial test. 

10. CONCLUSIVE REMARKS 
Good conceptual work was done with the implementation of linear mining. Expectations of 
high productivity and low unit cost were unrealistic during the commissioning and development 
phase. This together with insufficient change management leaded to the failure the system. 
Implementation a system that requires numerous modifications also needed more time and 
capital for development.  

The concept of implementing linear mining on mines will lead to increased cutting time, higher 
productivity and lower unit cost. If this concept of increased cutting time can be combined with 
higher coal reserve utilisation, it will lead to profitability. 

10. References 
Sasol mining management personal involved with the Magatar mining method (Jasper 
Coetzee) 

Personal discussion with Magatar directors – Hein Lars and Phillip Venter 

10.1 Introduction to Linear mining presentation 
The article Introduction to Linear mining was added to the Magatar follow up with the 
purpose of establishing a clearer understanding of the benefits of linear mining  
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INTRODUCTION TO LINEAR MINING 

Philip Venter 

Magatar Mining, South Africa 

 

ABSTRACT 

 

Magatar Mining is a junior mining company formed recently that has  grown on the back of 
Linear Continuous Mining (LCM) methodology patented and developed by Phangwa Mining. 
The methodology affords the possibility to the continuous mining machine to be utilised on a 
totally different level than what was previously possible. A totally integrated logistic support 
system has been developed for the Continuous Miner (CM); both in terms of continuous coal 
clearance and secondary logistic support in as far as all the other support systems inside and 
outside the production section is concerned, including: 

 Incorporating on board bolting for systematic roof support 

 Section conveyor belt extension and retraction 

 Installation and removal of belt structure 
 Installation and removal of conveyor belting 
 Power supply support 

 Water supply support 

 Movement and replenishment of consumables; total palletisation 

 Spare parts and component movement 

 Ventilation systems and support 

 Maintenance requirements 

 Stone dusting requirements 

 Contractual agreements with suppliers; specific packaging to support the system. 

 

1. INTRODUCTION 

The linear mining principles were derived from the integration of various pieces of existing 
proven equipment available around the world. 

The detailed system was developed into a workable, marketable system over the last four and 
a half years. The specific mining methodology, a form of linear mining while  patented by 
Phangwa Mining, has seen subsequent patents, which is a natural expansion of the original 
patent, has recently been filed and had been granted by the patent office. This patent has also 
been registered in various jurisdictions outside of South Africa. 

Magatar Mining believes that the linear mining system offers a possible bridge between board 
and pillar mining and longwall mining. 
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2. EXISTING MINING METHODS IN A NUTSHELL 

Bord and pillar (B&P) mining is by far the most popular mining method in underground coal 
mines in South Africa. This  is merely condition driven as in most of the South African coal 
reserves geological disturbances is fairly common, thus breaking up large portions of reserves 
into smaller pockets that cannot be mined economically by longwall methodology. The 
following figure shows the basic B&P methodology as applied in most South African 
underground coal mines. The figure shows basic five road main development as well as 
secondary panel development.  

 

Although the industry has seen significant improvements in output from B&P sections there 
is still a large gap between board and pillar and longwall mining. 

 

Longwall mining is very popular for underground coal mining where conditions allow. 
One of the biggest challenges in terms of longwall mining is the timeous development of 
gate entry roads. The following figure shows a typical retreat longwall section, with gate 
entries developed from the main five road development entry. 
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Production figures from a number of longwalls around the world have been impressive 
over a number of years, but most of these sections still suffer from inconsistent output. 
They need  to be moved from time to time and if conditions are not well managed, a 
longwall on stop, buried or on fire can be an extremely costly exercise. 

The pine feather system or modified Wongawilly system used in some Chinese underground 
mines are shown in the following figure. Consistent high production figures have been 
achieved by sections using this methodology.  
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Production figures of well in access of 200 000 tons per month have been achieved by the 
use of this methodology (although there are some safety concerns). 

 
3. THE LINEAR MINING SYSTEM 
 

Phangwa Mining initially identified the huge gap between CM operations and longwalls as 
a potential opportunity. Where longwalls are achieving consistent production figures of up 
to and in access of 500 000 tons per month, it is extraordinary for CM sections to produce 
more than 100 000 tons per month consistently.  

The following figure shows the basic linear mining system patented by Phangwa Mining. 
Longwall sections that are achieving the above production rates are running at system 
utilisation figures of close to 70%, whereas typical high production continuous miner 
sections in pillar, combined with batching hauling, hardly ever achieve utilisation figures 
higher than 35%. The linear mining methodology shown in the following figure allows the 
CM utilisation to be increased to figures greater than 60%, which means that production 
figures in excess of 200 000 tons per month could become a reality. 
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 A linear mining section requires main development to be done for purposes of ventilation 
and access, as for all other mining methods. The linear mining system is capable of doing 
this development at close to normal production rates. 
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The sequence of events in a linear mining section can happen in many ways, owing to the 
flexibility afforded by the system. One of the sequences is described in the following figure: 

labelling of figure? 

 

 The numbering in the figure follows the following logic: 

 10 is the virgin block of coal. 

 The 20 range is the primary entries into the virgin block of coal. 

 The 30 range is the secondary cuts/links between the entry roads and the linear 
cuts into the production block of coal. 

 The 40 range is the tertiary cuts into the pillars left between the secondary cuts; 
depending on conditions, these cuts could be higher or lower in number, but the 
specific sequence lends itself to more cuts owing to the retreat mode, thus always 
moving away from the danger zone. 
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 The 50 range is essentially what stays behind after the cutting sequence has been 
completed and all possible material has been recovered.   

The sequence shown here is just one of many sequences possible with the LCM 
methodology, due to the inherent flexibility of the system. 

 

4. ISSUES ADDRESSED BY THE LINEAR MINING SYSTEM 
           Strata control (Rock Engineering) issues 

 The Phangwa system limits the number of entries into a virgin block of coal 

 The methodology lends itself perfectly for continuous systematic support, while at 
the same time affording a dramatic saving in roof support cost, due to the relatively 
safe (compared to other current systems) pillar extraction method employed 

 The safety factor on development roadways could be increased when compared 
to current multi-road development safety factors, resulting in a relatively safer 
working environment 

 Operators and other personnel are limited from entering higher risk areas, with 
lower, but still acceptable safety factors 

 The time spend in a production panel is decreased, due to higher production, 
resulting in a reduced risk associated with old workings 

 Limited entries into production panels make sealing off the worked out areas easier 

 Less people involved in the production process 

 All section personnel are machine bound, thus resulting in lower risk of roof falls or 
mobile machine accidents 

 The methodology is based on maximum advance rate with minimum roadways and 
maximum safety factor during the development phase. The production phase is 
characterised by a single narrow roadway, advanced without interruption and 
extraction of the pillar on the retreat (as explained earlier). The width of the pillar 
to be removed depends on the specific mining conditions. 

Ventilation issues 

 The ventilation layout of the linear mining section is simple, with one road of the 
development used as intake and the belt road as return airway. 

 Once the production cycle commences, the physical system is equipped with on 
board ventilation ducting, which reduces the necessity of a secondary ventilation 
system, such as bratticing. The ventilation system will be different in lower seams 
where a similar amount of bratticing will be used. 

 The linear mining system thus voids the necessity for the use of multiple ventilation 
fans in order to ventilate every heading. For most of the time headings are limited 
to one only; it is only during the primary entry development phase that two or three 
headings will be exposed. During the secondary and tertiary phases in the retreat 
process, only one heading has to be content with. 
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 During the development cycle, the dead ends that are created are ventilated with 
the introduction of a single auxiliary fan with a duct, which is moved after every 
cross-cut (link road between primary entry roads). 

 The system can be adapted to ensure that the required volume of air is always 
available in the critical positions; where the machine is cutting. 

 The ventilation system is set up in such a way as to allow for operators and other 
personnel to work in fresh air at all times. 

 The system also lends itself to permanent interlocking of the ventilation system 
with the cutting machine; hard wired. The system will thus cut out under any 
condition of deficiency of ventilation. 

 Mining issues 

 Reduced inspection requirements at the beginning of each shift, owing to the 
reduction in the number of active entries and higher safety factors. 

 Reduction in the number of people in the section as well as almost total elimination 
of people on foot in the section. Most section personnel are machine bound. 

 Approximately 80% less physical manhandling tasks afforded by total 
mechanisation combined with palletizing of consumables and all other support 
requirements. 

 Less machine manoeuvring due to the linear mining methodology combined with 
the specific supporting equipment. 

 Highly repetitive system, less sequences, opportunity for optimal cutting; sumping, 
shearing, trimming, etc. utilization figures of up to 70% of the cutting machine 
becomes possible. 

 Continuous process ensures minimum spillage and section messing; the geometry 
of the haulage system has been adapted to allow for maximum manoeuvrability 
and minimum spillage with in-chute scrapers fitted on every transfer point. 

 The system is ideally suited for poor (soft) floor conditions: 

 The haulage system is very light; approximately two ton per wheel (chain 
haulage: 200 - 300tons; Flexiveyor: 80 - 100tons). 

 The haulage system moves in harmony with the cutting machine and 
conditions permit, will only tram over the same floor twice, once in when 
producing and once out into a new heading. 

 No dynamic floor loading as typically encountered with shuttle cars and 
battery haulers. 

 The system can handle continuous flows up to 850 tons per hour (about 
40% higher than most CM’s cutting rates), with slightly higher 
instantaneous loads. 

 The cornering ability of the haulage system is good, due to the short car concept 
(individual cars are only six metres long) the system can go around 90 degree 
corners. 
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 It is believed that the resource utilisation could be increased with linear mining, due 
to the inherent safe mining practice that the system offers; constantly in retreat 
mode. 

 The extraction ratio of coal could be increased to the optimum for specific 
conditions.  

 The micro system/in-section system; that is the continuous miner, the haulage 
system, Roof bolters and the mobile tail end is integrated, which ensures that the 
handling of cables in that area could is virtually eliminated. 

 Product contamination could be reduced to a minimum due to the repetitive nature 
of the mining process; up to 100m in one go. 

Engineering issues 

 The maintenance intensity requirements of the system are lower compared to other 
mining systems per ton produced, for the following reasons: 

 The system produces continuously 

 The number of stop/starts of electric motors in the system is reduced to a 
minimum. (This could be as low as two starts per shift in high seam 
applications when compared to batching systems, which can be as high as 
200 starts per shift) 

 The system optimises the ratio between cutting and dead tramming 

 The reconditioning intervals on primary production machines, such as the 
continuous miner, should be increased significantly due to the specific mode of 
application, as described above. 

Safety 

 The safety advantages anticipated from the LCM methodology are considerable: 

 Almost total elimination of manhandling tasks 

 Harmonious and slow movement of the total mining system; continuous 
miner, continuous haulage (Flexiveyor), section conveyor mobile tail end 

 Hard interlocking of the ventilation system, ensuring elimination of any 
cutting when there is a deficiency of ventilation at the point of requirement 

 The minimum number of personnel required per ton of production 

 Systematic support by on board bolting ensures proper strata control and a 
safe working environment from a roof perspective at all times 

 The reduced manoeuvring of the cutting machine also reduces the 
exposure of operators to machinery accidents 

 The utility vehicles combined with the recommended palletisation of all 
consumables, spare parts, etc. also eliminates the carrying around of these 
items to a large extend 
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 All maintenance related tasks are also supported by the utility vehicle 
concept, where tools, lubricants, etc. are mechanically brought to the point 
where it is required 

 The total system is well lit, which should be conducive to a safe working 
environment 

 Extensive live testing of the system has indicated minimal spillage, which 
should further enhance the working environment in the production section. 

 The main messages  with regard to the LCM methodology and safety are: 

 That the system lends itself to very good practices in terms of general safety 

 The physical workload of personnel in the production section is significantly 
reduced 

 The machinery supporting the CM is generally light, but with high 
throughput capacity, making maintenance easy 

 The haulage system is also void from abrupt movements; it literally moves 
harmoniously forward and backward in its own tracks, with no or minimal 
sideways movement of the system 

 Since mostly common or simple new equipment is utilised, it is believed 
that the system offers a generally safe environment. 

      Environmental issues 

 The logistic support system has been adopted to address current burning issues, 
such as:  

 The proper handling of used oil 

 The proper handling of used material; such as picks, oil filters, cloth wire, 
pipes, etc. 

 The smooth supply and removal of new and used items to and from the 
production section 

 Excessive stockholding of material and parts on the mine 

 Excessive storage facilities 

 Long term agreements with suppliers to ensure security of supply and 
proper planning practice 

 The total issue of packaging of consumables and parts, ready to use by the 
production section 

 Generally making things physically easier on personnel, supporting the high 
production outputs expected of them. 

 The LCM methodology also lends itself to mining practice with  the ability to gain 
higher resource utilisation, which boils down to higher extraction ratios. 

 It is also possible to adapt the system to allow for maximum extraction of a reserve, 
without collapse of the overburden, since the major process occurs in the retreat 
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mode. The inherent flexibility of the system allows for new techniques to be 
implemented, whereby the size of pillars could be optimised to allow for “sagging” 
of the overburden instead of “breaking”, which could theoretically conserve the 
water table, thus reducing the environmental impact of coal extraction. 

 The kilowatt per tonne of coal produced is also slightly lower with the LCM 
methodology and supporting system as proposed, but the major advantage lies in 
the installed power required for a whole mine. The system can produce up to 
double the tonnages from a single section than what is currently the case in seams 
above 2.5m, in the best production sections and even more in lower seams such 
as five seams (system can mine as low as 1.5m seams). The environmental 
connection here is thus that if a whole mine with multiple sections is considered, 
that up to 30% less maximum demand power would be required for similar 
tonnages when compared with traditional methodology.   
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CAPABILITIES OF THE LINEAR MINING SYSTEM 

The linear mining system, as developed by Phangwa Mining, addresses most of the historical 
issues that prevents high utilisation of typical continuous mining systems, without changing 
the basic machinery (equipment). 

The capabilities of the linear mining system are summarised in the following graph: 

 

 

Table 1: CM Cutting rate  

First off, the cutting capability (full cycle) of the CM is shown as the red line (triangles at 
approximately 280 000 tons per month, all based on the same shift system, except the 
reference to the Chinese mine, which are working a fulco system). This shows what should 
be possible from an ideal section where the coal is cleared from behind the CM on a 
continuous basis with no hold-ups, break-downs or repositioning. This should be the ideal 
to strive for. 
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The two green lines (B&P max and B&P min) show the production tonnage band possible 
using the B&P method. The poor performance in relation to the ideal is mostly owing 
unnecesary tramming, maneuevering and repositioning of the CM and the coal being 
cleared from behind the CM in batches (shuttle cars or battery haulers). A large portion of 
the CM activity is thus to maneuever and wait for haulers. B&P is a rather complex method 
with lots of opportunities for things to go wrong.  

The two blue lines (Phangwa max and Phangwa min) show the production band possible 
from the Phangwa method. Although still far from the ideal, it is a vast improvement on the 
B&P method. Most of the defficiencies of the typical B&P method has been adressed, i.e. 
a continuous haulage system is used for continuous coal clearance and the cutting 
sequence has been simplified to eliminate unnecesary tramming and maneuevering. The 
question is whether this is new or unique and thus associated with any risk. Also important 
to note is that with the LCM methodology it is possible in seams as thin as 1.5m to compete 
favourably in terms of output and thus cost to seams in excess of three metres with B&P. 

 

The SA1 herring on the graph indicates the tonnages achieved by a South African  mine 
using chain haulage systems. There are only two coal mines in South Africa using 
continuous haulage systems; SA1 mine in a four metre seam applying a herringbone type 
layout. This site can be considered to be somewhere between the B&P and the LCM 
methodology in terms of optimization. It is clear from the graph that SA1 is achieving 
production rates between B&P and the LCM methodology. SA1 has ahcieved these figures 
consistently over a number of years. The second mine is SA2 also using continuous 
haulage systems, but in a much lower seam (down to 1.5m). The SA2 method is a modified 
B&P layout to minimise tramming and makes use of some of the capabilities promised by 
a continuous haulage system. Again, SA2 is achieving tonnages somewhere between 
B&P and what is considered to be achievable by the LCM methodology. 

 

The last example is a Chinese mine that is achieving tonnages in excess of the Phangwa 
predictions, using continuous haulages and a Pinefeather cutting layout. The reason for 
the Chinese achieving higher tonnage than Phangwa is purely owing to the Chinese 
working 24 hours per day and seven days a week. The Phangwa tonnages are based on 
a five day week and a 20 hour day (two x 10 hour shifts). If the same working schedule is 
applied to Phangwa, Phangwa will produce similar tonnages to the Chinese. 

 

It might be asked why Phangwa does not simply copy the Chinese method and eliminate 
all supposed risks. Phangwa has spent four years in analysing and optimising cutting 
methods to achieve the simplest, safest and most repetitive and sustainable method. 
Equipment have also been carefully chosen to minimise manhandling and thus minimising 
manpower requirements, without compromising safety. Compliance with South African  
safety regulations and other general safety requirements have also been a priority and the 
Phangwa method is far safer than the Chinese method -  or B&P for that matter. 
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5. ECONOMICS OF THE LINEAR MINING SYSTEM 

 

The LCM methodology is made possible with the integration of mostly known technology, 
packaged and logistically integrated to make high utilisation and subsequent high tonnage 
output from CM a possibility. 

The capital outlay of a LCM section is very similar to a traditional B&P CM section using 
batching technology (shuttle cars or battery haulers). Owing to the specific methodology 
developed by Phangwa, a number of cost drivers in the section are positively addressed with 
the following results that realise from the use of the LCM methodology: 

a. Up to 60% reduction in the manoeuvring of the CM 

b. Up to 25% reduction in “dead” tramming of the CM 

c. More than 75% improvement in the output from a single production section, 
assuming similar conditions. The following tables give a further indication of 
possibilities 

 

Low Seams (below 2m) 
 

B&P 
Drill and Blast 

Single 

B&P 
CM/batching 

Herringbone 
CM/Cont. 
Haulage 

Phangwa 
CM/Flexiveyor 

15 000t/m 

Proven 

35 000t/m 

Proven/ 

Simulated 

75 000t/m 

Proven 

120 000t/m 

Simulated 

 

 
 
 
 
 
 
 

High Seams (above 2m) 
 

B&P 
CM/batching 

B&P/Herringbone 
CM/Cont. Haulage 

Pine Feather 
CM/Cont. haulage 

Phangwa 
CM/Flexiveyor 

100 000t/m 

Proven 

130 000t/m 

Proven/Simulated 

200 000t/m 

Proven 

200 000t/m 

Simulated 
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d. Up to 50% fewer personnel for similar production output. 

 

6. INTEGRATED LOGISTICS 

 

The LCM methodology and supporting systems can be considered a totally integrated 
logistic system. Not only has the coal cutting and conveying system been integrated and 
afforded the possibility to cut for extended distances in one direction, but also the support 
systems behind it.  

a. The ventilation system has been integrated onto the coal clearance system 

b. The section conveyor support structure can be deployed and removed on the 
fly (if required) 

c. All the consumables, spares, etc. has been integrated back to the suppliers 

d. A logistic system has been derived to ensure an uninterrupted stream of 
supplies into the production section 

e. Utility vehicles fitted with quick detachable systems ensure that numerous 
tasks in the section can be performed without physical effort from personnel: 

 Installing and replenishing conveyor belting 

 Installing and removing conveyor belt structure 

 Installing and removing auxiliary ventilation systems 

 Replenishing consumables in the section 

 Exchanging new and used pallets in the section carrying consumables, etc. 

 Carrying spare parts and components 

 Carrying lubricants and tools for maintenance purposes 

 Could be used to clean the section 

 These vehicles are also fitted with hydraulic power take off systems to ease 
maintenance tasks for technical personnel. 

 

7. GENERAL  

The LCM methodology has been dissected into all possible categories: 

 What-if analysis 

 Risk analysis and profiles 

 Different mining conditions 

 Etc. 
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But for purposes of this paper the content is deemed to be sufficient to awaken the 
thoughts and thought processes of prospective change agents in the industry.  
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CRAWLER VEYOR 
 
 

  



 

233 
 

 
TABLE OF CONTENTS 

                                                                                                            

                        Page no. 

1. HISTORY.......................................................................................................................234 

2. LOW SEAM HEIGHT….................................................................................................234 

3. OPERATION ................................................................................................................235 

4. APPLICATION..............................................................................................................235  

5. COST ……………………………………………………………….....................................237 

6. COMMENT BY VAN ECK.............................................................................................237 

7. REFERENCE………………...........................................................................................237 

 
  



 

234 
 

 

CRAWLER VEYOR 

1. HISTORY 
Arc coal operated two crawler veyor systems from 1991 to 1998, with one unit  used for 
highwall and underground mining. The two systems were sold to Peabody in Australia. They 
were connected (396m) to transport coal from the steep slope highwall mining (see photo 
below) The connected unit mined over 10MT. The first fully automated system was built in 
1989. The abovementioned crawler veyor systems are the only ones in operation. 

 

2. LOW SEAM HEIGHT 
Can work at high seam heights and low seam heights up to 72cm.  
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3. OPERATION 
The conveyor of the crawler veyor is used to tram the veyor and transport coal when the 
veyor is elevated by means of hydraulic lift cylinders. It trams at 30m/min and transports coal 
at 91m/min. The maximum length of the system can be 457m and the minimum length 7.6m. 
It is equipped with an accurate guidance system and can operate at steep slopes and 
undulating floor conditions. 

4. APPLICATION 
It can be used in conventional mining (see sketch below) and  was already in use  in 
highwall punch mining and could  also be used in underground punch mining as well as 
underground short wall mining. 
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Can be used in highwall mining and shortwall mining.  

 

 

The 90 degrees angle the crawler veyor can turn at  
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5. COST 
The latest quote for a 100m complete system without a CM  is US$3 000 000. Maintenance 
cost can be obtained from the Consol and Arc systems (Connar) 

6. COMMENT BY VAN ECK 
This conveyor was researched on request of Coaltech members. 

7. REFERENCE 
E mail feedback from Bob Connar 

Manufactured by the Crawler – Veyor group .AL lee corporation.(304 -934-5361) 

bconner@alleecorp.com  or leonard@alleecorp.com 
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