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COALTECH 2020 PROJECT: 2.1 GENERATION OF FINE COAL IN-SECTION 
EXECUTIVE SUMMARY  
 
The aim of this project was to ascertain the extent of local information concerning 
investigations in to the generation of ‘fine’ coal in underground coalmines, identify 
the sources and extent of degradation that takes place and ascertain what 
measures have been taken to reduce degradation. In addition, some information 
was obtained on the present state of research in to coal degradation in Australia 
and the USA.  
 
Excluding the underground environmental problems arising from airborne dust, 
the main problem arising from the creation of small-sized coal, either duff (-6 
mm+0 mm), fine (-1 mm +0.15 mm) or super-fine (-0.15 mm +0 mm) is reduced 
profits. Coal that cannot be sold because it does not meet customer size 
requirements has to be discarded yet it has undergone the expense of 
production. The cost of washing the small sized coal is greater because of the 
processes used and product losses occur resulting in a lower recovery of 
saleable product. A further problem associated with fine and super-fine coal is the 
retention of moisture, which poses downstream disadvantages due to reduced 
heat value and handling difficulties.  Coal that is too large for a customer can 
always be crushed and the smaller coal thus created can be sold to another 
customer. The recreation of larger coal from coal that is too small is difficult, 
although the process of briquetting fine coal aims to do just this.     
 
It has been ascertained that little formal information is available locally concerning 
the magnitude of degradation that takes place from the time that coal is cut at the 
face to the time that it is delivered to the coal processing plant or stockpile ready 
for supply to a customer. Mines continually sample input to plant streams as well 
as saleable products on the output side for control purposes but much of this data 
is confidential commercial information used for customer contractual reasons. It is 
understood that Sasol has done most work concerning coal degradation but little 
of this information has been passed outside of the company. 
 
One mine supplied the results of an exercise where they took samples for size 
analysis at various points between the continuous miner at the face to entry to the 
washing plant. Although this is only one set of data it provides useful information 
indicating the influence of conveyor transport, silo capacity level, crusher 
influence and the effect of alternative chute design.  Further information was 
obtained from another mine indicating the size distribution produced at the face 
by different continuous miners and a further mine provided data showing variation 
in the plant feed over a three year time period.  
 
Although the data is limited, it is apparent that considerable degradation can 
occur along the conveyor transport and coal handling system. For example, the 
size fraction –0.5 mm +0 mm increased by 250% and the size fraction –6 mm +0 
mm increased by 76%. The change in size distribution is not only influenced by 
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the rigours of the transport system but also by the initial size distribution that is 
created at the working face. The level of coal in the silo was found to influence 
the degradation as shown by a reduction in the –0.5 mm fraction with increase in 
silo capacity. The influencing factor being the height of fall of the coal fed into the 
silo.  
 
The only information obtained locally relating to the influence of variations in 
cutting parameters and there effect on coal size, was some 15 to 20 year old. 
This data, together with other supplementary information on factors influencing 
coal size at the face, is contained in annexures to the report. 
 
This project is not continuing further. Aspects related to coal washing processes 
to improve fine coal recovery and thus reduce coal losses, are being addressed 
under the coal processing technology area of Coaltech 2020. Mines are already 
implementing projects to reduce degradation in the transportation network and 
the use of alternative conveyor transfer chutes is one way of achieving a 
reduction. Some mines are also looking critically at cutting procedures and cutter 
drum design using manufacturers or external consultants. This will assist in 
reducing the generation of the fine coal fractions at source.  
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INTRODUCTION 
 
This project was initiated to identify what research or investigations have been 
undertaken locally to identify and quantify the sources of fine coal generation 
(coal degradation) from underground mines. It includes outbye sources of 
degradation as well as in-section sources. In addition, a literature search 
identified some investigations undertaken, or in progress, in Australia and the 
United States of America. 
 
Although ‘fine’ coal is coal less than 1mm but greater than 0.15 mm particle size, 
some mines have specific problems with coal up to 6mm in size, normally 
referred to as ‘duff’ coal. Furthermore, some mines washing coal for the export 
and local markets experience problems with coal sizes less than 0,15mm, super-
fines (de Korte, 2000).  
 
Early in the project it became apparent that it is very closely associated with two 
other Coaltech 2020 projects namely, Project 4.8.1 ‘Dewatering of fine coal’ and 
Project 2.4  ‘New coal cutting technology’.  The former is a result of the problems 
arising from the processing of fine and super-fine coal and the latter will, 
hopefully, cover aspects of coal cutting that will address the problem of the prime 
source of small coal generation at the working face. 
 
Local information concerning factors that influence the generation of small-sized 
coal has been obtained and has been reviewed. This information relates to pick 
spacing on continuous miner drums, depth of cut per revolution and drum 
rotational speed. Much of this information is of the order of 20 to 25 years old and 
originates from work done by the Chamber of Mines Research Organisation 
(COMRO), but it is still considered relevant to the project. The majority of 
underground coal is now obtained by the use of ‘full-face’ cutting machines and 
recent size grading data has been obtained that includes different seams, No 4 
and No 2 seams, and different makes of drum miner, Joy and Voest Alpine.  
 
All coal mines undertake size grading analysis for market or customer service 
reasons although the size ranges are not always comparable from one mine to 
another. Size distributions are usually done on samples taken prior to entry into 
the coal preparation plant or, in the case of power station supply, prior to delivery 
to the customer stockpile. Thus, by the time these samples are taken, in addition 
to degradation caused at the working face, the coal has been subject to the 
rigours of the transportation system and primary or secondary crushing. One set 
of data that selectively identifies the incremental degradation that takes place 
from coal face to preparation plant has been obtained from one mine.  
 
It is widely accepted within the coal industry that most work to reduce the 
generation of duff-sized coal, coal less than 6mm, has been done by Sasol 
Mining in recent years (last 10 to 15 years). However, Sasol personnel contacted 
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for information have shown a desire not to contribute any information at this 
stage.  
 
Little overseas information has been found that directly relates to the generation 
of small-sized coal as a saleable product. Most research locally and overseas 
arising from the cutting of coal and its associated problems has concentrated on 
underground environmental issues of airborne and respirable coal dust as well as 
coal dust explosion suppression or prevention. However, it is considered that 
many of the factors that reduce airborne and respirable coal dust from an 
environmental aspect should also reduce the impact that coal degradation has on 
coal washing. 
  
The financial implications of the generation of ‘small-sized’ coal is difficult to fully 
assess because of the confidential nature of contractual agreements between 
supplier and customer when it comes to coal prices and penalty clauses. 
However, not all mines consider the generation of small-sized coal (duff, fine and 
ultra-fine) a serious financial burden since much, if not all, of this coal is sold into 
the market place, either export or local, depending on quality. On the basis of 
various assumptions, a brief economic assessment is made of the impact on a 
mine’s revenue of a reduction in super-fine tonnage being washed.  
 
Information concerning some current investigations in the USA and Australia is 
presented. Annexures to the report include theory and practice of coal cutting, 
alternative cutting technology, results of local research into coal size distribution 
from full-face cutting machines some 15 to 20 year ago and a review of some 
factors influencing coal size at the working face. There is a suggestion that the 
use of rotary cutting machines have in-built inefficiencies and that cutting 
technology will have to change to implement a drastic improvement in coal size at 
the working face. 
 
 
THE PROBLEM 
 
The problems created by coal degradation, irrespective of the size of coal, are 
related to loss of profits if the coal within a particular size range cannot be sold to 
a customer after the expense incurred during extraction, coal handling and coal 
preparation. Customer requirements or end use dictates the particular size of coal 
that will be problematical.  
  
Sasol Mining, for example, have a particular problem with coal less than about 6 
mm because of limitations of the gasification process used by their major 
customer, Sasol Synthetic Fuels. Some export mines have problems with coal 
less than 0,5 mm and 0,15 mm due to coal preparation limitations that result in 
higher production costs and reduced saleable recovery. The moisture retention 
capacity of coal is inversely proportional to coal size and the problems that this 
creates for end users are being addressed by de Korte (2000) investigating the 
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dewatering of fine (-1 mm) coal. The high moisture content of fine coal creates 
problems for Eskom due to coal sticking in staithes in addition to reducing the 
heat content of the product. However, some export mines that supply a –50 mm 
product indicate they do not have a problem because they feed all of the –6 mm 
coal to their customer(s) and still remain within size and quality specifications. 
   
 
SOURCES OF COAL DEGRADATION AND ADDITIONAL PROBLEMS 
 
The systematic breakage of coal takes place throughout the whole process chain 
from extraction at the working face to final end use. Some of this breakage is 
deliberate, e.g. extraction at the working face, crushing and sizing for coal 
washing purposes, but many sources of breakage are inherent to the coal 
transportation, stockpiling and washing process.  
 
Today's demands on raw materials, and the ever-present cost increases 
associated with the process of raw materials place a heavy penalty on waste and 
squander.  Most often, there are large distances between the source of 
production of raw material and the end user.  Thus, the tremendous effort (and 
cost) of recovery of raw materials must be complemented by a suitable transport 
system. This system should not devalue the product being transported, but at 
least retain the product as close to original as possible.  One of the most 
significant "devaluing" elements that occur is degradation.  This is the 
disintegration of material by wear and impact.   Degradation produces undesired 
and at times unusable by-products that are discarded as waste.  This discard 
decreases the yield of that particular material and increases the cost.  Further it 
requires that some form of separation be conducted, again giving rise to cost.  If 
we were to reduce the amount of degradation involved in transport of materials, 
the effective yield of usable product will rise, and so reduce costs in having to 
separate and treat 
 
Apart from the problem of fine and super-fine size coal being more difficult and 
costly to wash (de Korte, 2000) underground coal mines have other problems 
arising from the breakage and transportation of broken coal. These problems, 
primarily created by full-face cutting machines such as the continuous miner and 
longwall shearer, relate mainly to airborne (-0,1 mm) and respirable (-7 µ) coal 
dust that, if not sufficiently removed or diluted, will result in atmospheres that are 
explosive and dangerous to an employee’s health. Therefore, efforts to reduce 
‘fine’ coal to increase saleable product will automatically reduce airborne and 
respirable dust fractions and create a safer workplace.  
 
Fine coal accumulates on floors and becomes sludge due to the presence of 
water, either natural ground water or water from dust suppression systems. 
Sludge reduces friction and continuous miners that rely on the floor for tractive 
effort are unable to generate maximum forward thrust which then leads to poor 
pick penetration during the sumping operation. This becomes a vicious circle 
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because depth of cut per drum revolution reduces, pick spacing to depth of cut 
ratio increases and overall efficiency of cutting reduces. During this process, 
picks wear quicker and, if not changed, will generate a higher percentage of fine 
coal, as well as increase the airborne and respirable dust problems. A further 
problem of prolonged cutting with worn picks is the increased risk of methane 
ignitions.      
 
Although the face area is the primary source of broken coal and the area of high 
risk, further breakage occurs during the transportation process and this also 
results in coal dust being raised in to the underground atmosphere.  
 
Sludge, loaded with the coal at the working face, is deposited on to the conveyor 
system and can result in belt slippage and higher conveyor maintenance costs.   
 
Coaltech members produced almost 111Mt of saleable coal from underground 
mines in 2000 (SA Coal Report, 2001) of which 102,4Mt was derived from full-
face cutting machines such as drum-type continuous miners, roadheaders and 
longwall shearers.  In addition, Coaltech members produced a further 8,57Mt of 
saleable coal from underground drill and blast sections.  
 

Table 1. Summary of Coaltech underground saleable production 
 and markets (Mt). 

 
(data sourced from SA Coal Report, 2001) 

 
Underground Saleable Production Sales Markets 

CM/RH* Wall D & B Tot U/g Eskom Other Export Total 
Sales 

92.5 9.9 8.57 110.97 41 40.5 28.6 110.1 
    
 
From table 1, it can be seen that the use of ‘full-face’ cutting machines by 
Coaltech 2020 members during 2000 contributed 102,4Mt, or 92,3%, of 
underground saleable production. This tonnage was 85,4% of all underground 
saleable production of 119, 84Mt in that year. The ‘other’ sales in Table 1 
includes approximately 34Mt for Sasol and the ‘Eskom’ column includes a small 
amount of coal for power generation by municipalities. In broad terms it is 
apparent that underground mines supply in the region of 75Mt of unwashed coal 
to the local markets for power generation and coal conversion as well as 35Mt of 
washed coal to export and the local markets. Thus, the problems related to 
‘small-sized’ coal for 68% of the underground saleable production are mainly 
concerned with coal handling while the other 32% includes additional problems 
associated with the washing process. 
 
An estimate of how much ‘small-sized’ coal is involved in the above tonnage 
figures can be made by applying a generalised size distribution curve produced 
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by de Korte (2000).  The curve represents the plant feed size distribution after 
crushing to a top size of 75mm and indicates 24% of the plant feed to be within 
the range –6mm +1mm and 10% to be less than 1mm.  If these percentages are 
applied to the total underground saleable tonnage of 111 Mt, then 11 Mt of the 
product will be less than 1 mm particle size and 27 Mt will be within the –6mm 
+1mm range. 
 
COAL DEGRADATION FROM FACE TO PLANT 
 
One mine has undertaken an exercise to determine the magnitude of breakage 
that occurs as coal flows from the working face, along the transport network, 
through crushers and silos to the coal preparation plant. The results are site 
specific but they give an indication of the magnitude of degradation that takes 
place within a wide range of size fractions. The exercise also established the 
effect on coal degradation of coal passing through a silo at three different 
capacity levels. In addition, an assessment was made of degradation occurring at 
‘low impact’ curved chutes compared to conventional ‘box-type’ conveyor transfer 
chutes. Although breakage will also take place during the coal washing process, 
this information is not available. 
 
Comparison of size grading between face and plant entry 
  
Figure 1 compares the cumulative percentage size distribution at the entry to the 
plant to that obtained at the working face, where the sample was taken from cut 
coal in front of a continuous miner. Figure 2 shows a comparison of the size 
grading at the same two positions but using the fractional mass percent at each 
sieve size. Figure 3 shows the difference in the fractional mass percentage at 
each of the different sieve sizes between the sample taken at the face and the 
sample taken at the entry to the plant. 
 
The trend is clearly shown by figure 2 and figure 3 that size fractions greater than 
16mm are a greater proportion of the ROM at the face compared to the ROM 
entering the plant. Conversely, size fractions less than 6mm are a greater share 
of the ROM entering the plant compared to the ROM at the face. The transition 
size in this case appears to be between 6 mm and 16 mm size fractions.    
 
 
 



14 

 
Figure1. Comparison between cumulative % size distribution 

 at face and at plant entry: Mine A 
 
 

 
Figure 2. Comparison between fractional mass % size distribution 

 at face and plant entry: Mine A 
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Figure 3. Change in mass % of various size fractions between  

face and plant entry: Mine A 
 
Table 2 shows the percentage contributions of the duff, fine and ultra-fine size 
ranges at the face and at the entry to the plant.  The sample data indicates a 
change in the percentage of duff-sized coal from 27.5% at the face to 48.3% at 
entry to the plant.  
 

Table 2. Change in duff, fine and ultra-fine size ranges between face 
and plant entry: Mine A 

 
Size range 
(mm) 

Face % Plant Entry % Change in % Percentage 
Change 

  -6 mm + 0  27.5 48.3 + 20.8 + 76% 
  -1 mm + 0 6.9 19.1 + 12.2 + 177% 
 -0.5 mm +0 4.8 16.8 + 12.0 + 250% 
 
 
The increase of 20.8% in this size range, represents a 76% overall increase. In 
the case of fine coal percentage contribution, there is a change of 12.2% from 
6.9% at the face to 19.1% at the plant entry. This represents a 177% increase. 
The largest percentage increase, 250%, is in the ultra-fine size range where the 
fractional contribution increased by 12% from 4.8% at the face to 16.8% at the 
plant entry. 
 
On the basis of the above data, it is apparent that for every 100 ton produced at 
the working face, 5 ton within the ultra-fine range (-0.5 mm) will increase to 
almost 17 ton before entering the coal processing plant.  Similarly, almost 7 ton at 
the face in the fine coal range (-1 mm) will increase to 19 ton at the plant and 27 
ton of duff sized coal at the face will increase to 48 ton by the time it has reached 
the plant. These figures are site specific and even at the same site they are time 
specific with regards to the state of efficiency of the continuous miner in 
producing the coal at the face.  However, they are indicative of the degradation 
that can take place during the transportation, storage and coal sizing that takes 
place before coal enters the processing plant. 
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In the above exercise, once the coal left the working face area, it flowed along 10 
belts with a total length in the region of 18 km, before reaching the plant. 
Incorporated in the transport system is a 6000 ton silo, a double roll crusher to 
size the coal to –150mm prior to overland conveyance, a further crusher also 
sizing to –150mm and a stockpile/recovery yard. 
 
Degradation along the transport route 
 
Figure 4 illustrates the variation in the size fractions less than 6 mm, at each of 
the sample points as the coal flows from the face to the plant. 

 
 

Figure 4. Variation in –6mm size fraction between face 
and plant: Mine A 

 
Figure 4 shows a steady increase in the lowest size range (-0.5 mm) with little 
variation occurring in the size ranges –1 mm +0.5 mm and –6 mm +3 mm. 
Fluctuations occur in the two size fractions covering the range –3 mm +1 mm, a 
large increase within this range occurring at the sample point after the silo. The 
decrease in the –3 mm +2 mm fraction at point 6 is probably due to natural 
variations within the ROM product at the time of sampling. From the sample data 
it is apparent that a major source of degradation is the silo, which in this case, 
resulted in an overall increase in the mass % of the –6mm sized coal of 12.5% 
from 29.3% before the silo to 41.8% after the silo. This represents an increase of 
nearly 43%. In comparison, degradation across both the coal sizer and the 
crusher increase the –6mm size coal by 0.8 mass % and 4.2 mass %, 
respectively. In percentage terms, these increases are respectively 2% and 14%. 
Degradation across the silo, as will be seen later, is influenced by the amount of 
coal already in the silo. 
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The eight size fractions between –150 mm and +6 mm have been divided in to 
two separate sections. The variation in the two size fractions between –16 mm +6 
mm is illustrated in figure 5 and the variation in the remaining size fractions, -150 
mm +16 mm, is shown in figure 6. Although the fractional mass % of the two size 
fractions between 6 mm and 16 mm show fluctuations, the overall result is a small 
decrease in mass % between the face and the plant of 0.6% by mass. This 
represents a percentage reduction of only 3,3% and, consequently has had 
minimal impact on the contribution of degradation to the smaller size fractions. 
 

 
Figure 5. Variation in size fractions –16 mm to +6 mm between face and 

plant: Mine A 
 
From figure 6 it is apparent that there is an overall reduction in the mass %, 
although some fluctuations occur along the transport network. The reduction in 
mass % is more marked in the size fractions greater than 32 mm. The overall 
reduction in mass % between the face and the plant is 20%, reducing from almost 
54% at the face to almost 34% at the plant. This reduction in mass % represents 
a 37% change. 
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Figure 6. Variation in size fractions –150 mm to +16mm between face and 

plant: Mine A 
 
On the basis of the data obtained, the reduction in the mass % of coal size 
fractions greater than 16 mm created an increase in the mass % of the size 
fractions less than 6 mm. The increase in mass % was almost 21 %. The mass % 
of the size fractions between –16 mm and +6 mm at the entry to the plant were 
almost the same as when the coal was cut at the face. 
 
 
Influence on degradation of silo level and conveyor transfer chute design 
 
With regard to the influence of silo level on degradation, the sample data for the 
size fraction -0.5 mm indicated a reduction in degradation with increase in silo 
level. This is indicated in table 3. 
 
Table 3:  Influence of silo level on mass % of –0.5 mm size fraction: Mine A 

 
Silo Level 
% 

Mass % 
Before 
 Silo 

Mass % 
After  
Silo 

Change 
in  
Mass % 

20 6.3 8.9 + 2.3 
48 6.3 8.0 + 1.7 
70 6.3 7.6 + 1.3 

 
 
The sample data for other size fractions fluctuated and the above trend was not 
so readily defined. 
 
The degradation across a curved ‘dynamic’ chute, referred to as ‘Hood and 
Spoon’, was assessed and compared to the mine standard ‘box’ chute. The effect 
on the –0.5 mm size fraction is shown in table 4. 
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Table 4. Influence of chute design on degradation  
of –0.5 mm size fraction: Mine A 

 
Sample Point Mass % 

of  
–0.5 mm 

Degradatio
n 
Mass % 

4 10.7  
5 11.8 1.1 
6 13.0 1.2 
7 14.4 1.3 
8 15.5 1.1 

Mean  1.2 
X (Before new 
chute) 

6.25  

Y (After new chute) 6.35 0.1 
   

   
 
Across four conventional box chutes the mean degradation of the -0.5 mm size 
fraction was found to increase by 1.2 mass %.  In comparison the increase in 
degradation of the -0.5 mm size fraction across a ‘dynamic’ curved chute was 
ascertained to be 0.1 mass %. This would indicate that the mine could reduce the 
mass % of -0.5 mm size fraction of the ROM entering the plant by almost 1 mass 
% by replacing one conventional chute by a ‘dynamic’ curved chute. The 
influence of chute design was less positive on other size fractions and the full 
benefits could only be assessed by further tests being undertaken. 
 
 
 
FINANCIAL IMPLICATIONS OF REDUCING DEGRADATION 
 
On a mine-by-mine basis the financial implications of reducing degradation of the 
ROM product is site specific and influenced by many factors. Some mines that 
sell all of the product into the market, whether export, local in-land market or local 
power generation, may consider it not necessary to implement degradation 
reduction projects. However, some export mines lose coal of –0.15 mm size to 
the slimes dams and this particular size fraction may typically be in the region of 
50% of the –0.5 mm fraction.  
 
Using data from Mine A as an example an assessment can be made of the 
influence on revenue of replacing a conventional box chute with a ‘dynamic’ 
curved chute. The following assumptions will be made: ROM ton per month of 
400 000 t, 16.8% of ROM will be –0.5 mm and will be washed by spirals, 50% of 
the –0.5 mm will be – 0.15 mm and will be lost to the slimes dams, recovery of 
the other 50% of –0.5 mm + 0.15 mm will have a yield of 70 %. A curved chute 
will reduce -0.5 mm size fraction by 1% mass weight to 15.8% of ROM. 
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Conventional chute:  
Tons to spirals = 400 000 x 0.168 = 67 200tpm 
Loss of –0.15 mm to slimes dams = 67 200 x 0.5 = 33 600tpm 
 
New-type chute: 
Tons to spirals = 400 000 x 0.158 = 63 200tpm 
Loss of –0.5 mm to slimes dams = 63 200 x 0.5 = 31 600tpm 
 
Reduced loss of 33 600  - 31 600 = 2 000tpm at yield of 70% = 1 400tpm will be 
recovered either from the cyclone section or the heavy medium drums. 
 
Assume the mine makes a profit of 100R/t, additional revenue per month will be       
R140 000. Further assume that a new chute will cost R200 000 to buy and install, 
then this cost will be recovered in 6 weeks. 
 
The above is only one example and is based on one set of data that is site 
specific to that mine. Mines will have to make their own assessment of the 
benefits to be gained, if any, of implementing fines reduction programmes. 
 
COAL FINES REDUCTION RESEARCH IN SOUTH AFRICA 
 
Coal conveying 
 
The study of coal degradation in South Africa started in 1930 by the Natal Coal 
Grading Committee (Ramos, 1987).  Coal degradation was not an economic or a 
technical concern until the first part of the 1980’s when some of the South African 
coal overseas clients became more restrictive in their specifications to force these 
exporters to screen their products at the port at which the product was unloaded 
(Ramos & Goodwin, 1987). Not only did this constraint inevitably lead to 
investigations into increasing productivity through the better use of equipment, but 
it also led to investigations into the reduction of –6 mm fine coal generation at 
transfer chutes in 1987 (Ramos, 1987).   
 
The majority of raw material transport systems involve conveyors.  These are 
linked together to form the desired routing.  Each link or feed from a conveyor 
requires a mechanism to transfer the material from one to the other.  These 
transfer mechanisms are generally chutes. The underground transport system of 
a typical coal mine is depicted in Figure 7: 
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Figure 7:  Typical underground belt conveyor systems 
 
Research into coal fines degradation in South Africa has largely been focused on 
the transfer points.  Coal is loaded onto a belt conveyor and travels for a certain 
distance until a transfer point. During this travelling period due to the motion of 
the belt and materials over the idlers: segregation and degradation takes place. 
Typically the lumps ride at the top of the cross section of the conveyor belt and 
the fines at the bottom. Degradation can also result from the flexing of belt when 
passing over the idlers. Little research has however been done in examining this 
cause of degradation (Ramos, 1987). When the conveyor belt cross section 
reaches the transfer chute the streamline flow in which the coal has moved in an 
orderly manner breaks loose when gravity forces and random lumps of the 
product interact to create a turbulent flow.  At the end of the drop the payload 
generally hits a steel plate (which is also known as the “rock box” design) before 
diverting to the receiving conveyor.  The height of free fall at the transfer chute 
varies from between 1.8 to 2.5 metres and depending on the chute layout and 
impact speed onto the chute steel plate, the velocities of the coal can be 1.5 – 3.0 
times the exit speed it left the belt at the head pulley (Ramos, 1987). 
 
The major objectives to achieve minimum degradation of coal at transfer points 
are (Ramos, 1987, Snow, 1987): 
 

•  To deflect the payload with a minimum change in velocity; 
 

•  To maintain the payload density at a maximum during transfer; 
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•  The change in direction of flow of coal from loading to receiving should be 
a minimum; 

 
•  The height of the transfer point should be a minimum; 

 
•  Impact of the material in the chute when changing direction should be a 

minimum. 
 
Figures 8 and 9 highlight the payload profile and trajectory. 

 
Figure 8. Payload profile 

 
Figure 9:  Payload trajectory 

 
From Figure 9 it can be seen that the position of the head pulley will determine 
the shape and type of trajectory.  Figure 9 also highlights the payload departure 
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point (known as the top dead centre) of the head pulley, which will produce a 
separation of payload of “B” at any one position on the trajectory. 
 
Figure 10 highlights that should the payload leave before the top dead centre that 
the material separation will be greater than “B” in Figure 9.  In this case, with a 
large spread of fines and lumps, the heavier lumps will tend to rise on leaving the 
pulley before being pulled down by gravity.  Figure 11 shows that the separation 
will be less than “B” should the payload leave the pulley after top dead centre. 

 
Figure 10. Payload trajectory leaving after the top dead centre 

 

 
 

Figure 11:   Payload trajectory leaving before the top dead centre 
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The trajectory of the payload can thus determine the amount of degradation 
possible.  Thus, by controlling the trajectory, the degradation can also be 
controlled.  Snow (1987) suggests that: 
 

•  The payload should leave the head pulley after the top dead centre of the 
pulley, with the most effective being between 5° – 10° off the horizontal;  

 
•  The conveyor profile as it approaches the head pulley should form part of 

an exaggerated curve concentric to the head pulley.  Thus the payload will 
be travelling on a smooth arc on leaving the pulley which helps to maintain 
the trajectory density and stop the spread of the load; 

 
•  By increasing the head pulley diameter the relative speed difference 

between top and bottom trajectory profiles will be reduced which will cause 
the payload to stay together and not spread; 

 
•  By increasing the pulley diameter the angular velocity of the payload will 

increase in comparison to the conveyor speed which will decrease the 
kinetic energy of the payload but not necessarily the degradation; 

 
•  With high speed conveyors the payload departure point angle from top 

dead centre on the head pulley should be increased; 
 

•  Chute profiles should be curved to keep the payload in the centre with 
higher energy lumps travelling on the top and fines providing the base; 

 
•  A curved chute profile is easy to manufacture; and 

 
•  Direction changes with a curved chute are easily achieved. 

 
Initial chute design in the 1950’s (Snow, 1987) took the form of an in-line curved 
chute design, which uses friction between the product and the chute plate to 
counter gravitational forces and slow down the velocity of the payload.  This 
design is useful in in-line feed while the use of the curved chute concept usually 
brings the exit speed of the payload close to the belt conveyor speed being fed.  
These chutes require a significant height for them to be self-cleaning.  Figures 12 
and 13 show curved chutes. 
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Figure 12. First curved bottom transfer chute 

 
 

 
Figure 13:   Modified curved chute 

 
The centrifugal curved chutes take advantage of friction between the coal and the 
steel plate, centrifugal forces and internal angle of friction of coal shown in Figure 
14. 
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Figure 14. Diagrammatic indication of flow 

 
Ramos (1987) conducted tests on a 90° centrifugal chute as compared to the 
traditional “rock box” at Paulpietersburg and Glencoe under the following 
parameters: 
 

•  The belt conveyor was running at a constant speed of 1.63 m/sec; 
•  The height of free fall was 2450 mm; 
•  The coal travelled in the chute for 2600 mm; and 
•  The material in free fall hit the steel plate of the “rock box” at approximately 

6.1 m/sec. 
 

His results are shown in Table 5: 
 

Table 5: Rock box and centrifugal chute degradation comparisons 
 

Type of coal
(mm) 

Rock box 
degradatio

n (%) 

Centrifugal 
chute 

degradation 
(%) 

45 x 75 
anthracite 

6.09 2.75 

25 x 45 
anthracite 

4.49 1.53 

0 x 40 
anthracite 

4.36 1.62 

 
 
From Table 5 it is seen that 6.09% degradation took place in the largest size 
group and 4.49% and 4.36% degradation in the other two size groups using a 
rock box type chute.  As can be seen from Table 5 there is a reduction in the 
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degradation in the three coal size groups tested of between 2.5 – 3.5 percentage 
points by using a centrifugal chute design.   
 
A similar test at Twistdraai Colliery (Ramos, 1987) showed a reduction in coal 
degradation after the centrifugal chute was introduced from 5.8 percent to 
between 1.4 – 2.4 percent, which is consistent with the results obtained in Table 
5. 
 
Similar results were obtained in degradation reduction in Australia (McBride, 
1995). 
 
 
Current coal fines reduction work in South Africa 
 
Sasol 
 
Sasol, although willing to discuss some of the aspects of their fine coal reduction 
research, was (and still is) largely unwilling to disclose any of the findings of their 
work conducted into the profiling of the creation of coal fines at the cutterhead 
and further degradation resulting from the transportation network out of the mine.  
This work has included: 
 

•  Coal fines generation at the face and an associated reduction of these 
fines through the implementation of new cutterhead drums (these drums 
are designed by Sasol and manufactured exclusively by Stratum 
Engineering).  These Stratum cutterhead drums constitute half of Sasol’s 
complement of continuous miner drums, with Joy being the other major 
supplier.  The major changes that led to the development of the Stratum 
drum were based on the following factors: 

 
o Spacing of the picks 
o Lacing of the picks 
o Trials with various angles of attack 
o Trials with skew angles 

 
•  The examination and trials of current and modified chute designs at the 

major transfer points on the coal transportation network;  
 

•  Bunkers were known to be a source of fine coal generation and research 
into the optimal level of bunkers was conducted to reduce the amount of 
fines associated with this transfer mechanism. 

 
•  Coupled to the above points is the work conducted in trajectory routes of 

the coal at all transfer points.    
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Sasol claims that changes to the above points led to a significant decrease in the 
generation of coal fines at the face and various points along the transportation 
route of the coal out of the mine.  Currently, Sasol loses 28% of the delivered coal 
at the pithead to -6mm fines.  Sasol is endeavouring to reduce this to 26% 
through investigation into the effect that bulking in the cutter drum has on fines 
production.   
 
Other Local Companies and Mines 
 
Some local mines and companies are involved with projects aimed at reducing 
the amount of fine coal being delivered to coal processing plants. The 
investigations include the cutting performance at the working face as well as 
crushing and coal transportation. Some of these investigations are being done in 
conjunction with equipment manufacturers or with external consultants.  
 
Total Exploration South Africa (Pty) Ltd (TESA), for example, have implemented 
or are considering the following on their mines: 

 
� Replacement of feeder-breakers by feeders only. 

 
� Re-training CM operators in correct cutting sequence and emphasising 

frequent drum inspections to replace worn picks. 
 

� Use of correct pick box lacing to ensure correct sizing. 
 

�  Use of slim line picks in conjunction with Kennametal to cut rather than 
grind the coal. 

 
� Use of ‘double rotation’ drums in conjunction with Joy Mining Machinery 

Company. 
 

� Replacement of ‘dead end boxes’ at conveyor transfer points with 
‘Smoother Chutes’ to lower impact during coal transfer. 

 
In addition to the above, other mines are also investigating alternative cutting 
drum designs for improved cutting performance as well as the use of specially 
designed curved chutes to reduce coal degradation at conveyor transfer points. 
 
It is apparent that some mines because of their particular need are undertaking 
much work, although the investigations are not necessarily documented by the 
use of formal reports or papers at this stage.  

 
CURRENT COAL FINES REDUCTION RESEARCH IN AUSTRALIA 
 
Another aspect of this scoping exercise is to assess the amount of relevant work, 
which has been conducted internationally in the field of coal fines reduction.  Little 
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research has been done pertaining directly to coal fines generation in 
underground mining, although associated research has been done which may be 
applicable to this research area.  In Australia, work has been done by ACARP 
pertaining to the reduction of fines associated with opencast type operations, 
predominantly relating to fine coal classification and fine coal dewatering.  The 
following is an excerpt of an e-mail received from Joan Esterle who is an ACARP 
researcher who developed the CoalFrag software programme (which was 
developed to reduce coal fines associated with opencast mining) on 20 August 
2002: 
 

“We only focused on fragmentation during blasting and rotary breaking 
during our study, but also found that coal type and rank was an influential 
factor in addition to powder factor and comminution energy due to machine 
configuration.  We have not conducted any work on fragmentation as a 
function of continuous or longwall mining. However, I am sure that 
we could conduct a research project in this regard.  All of the 
fragmentation modelling was conducted at the Julius Kruttschnitt Mineral 
Research Centre and the contact there is Darren Thornton.”  

 
Thus the mining industry in Australia does not see an urgent need to conduct any 
research into this field at present. 
 
CURRENT COAL FINES RESEARCH IN THE USA 
 
The Colorado School of Mines is currently conducting research into the reduction 
of respirable dust in mines generated at source during coal mine development 
and production by continuous miners and longwall shearers (Ozedmir, 2002).  
Although this project is focused on optimising the geometry, layout and attack 
angle of cutting picks to reduce respirable dust, there may be some information, 
which could be extrapolated into the reduction of fine coal generation.  The 
following is a summary of the research conducted at Colorado School of Mines 
during the period 1999 - 2002. 
 
The principal objective of the research program is to reduce the respirable dust in 
mines generated at the source during coal mine development and production by 
continuous miners and longwall shearers. Although the initial effort is directed 
towards reducing coal mine dust, the research findings will be equally applicable 
to reducing dust generation in metal and non-metal mines.  
 
The on-going research will significantly enhance worker health and safety by 
providing:  
 

•  Reduced respirable dust in mines  
•  Improved working environment  
•  Reduced potential for dust explosions 
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The dust reduction will be achieved by optimizing the geometry, layout and the 
attack angle of cutting bits utilized on continuous miners and longwall shearers.  
In particular, new bit designs with the potential to significantly reduce dust at the 
source are being investigated and compared with existing bit technology.  
 
A series of laboratory cutting tests have been performed to date with standard 
continuous and shearer type bits and also with a recently developed bit design, 
called the frustum bit.  Tests were conducted at various attack angles and 
spacings to simulate different bit layout patterns on the cutting drum of continuous 
miners and coal shearers.  For each test, the cuttings generated (in particular the 
fine material) were collected and sieve analysis performed to determine the 
material size distribution and the amount of fines present.  These fines are the 
source of mine dust as they become airborne during the cutting operation.  The 
initial analysis of the test results obtained to date has clearly shown that a drastic 
reduction in dust generation is feasible by optimizing bit attack angle, layout and 
more importantly, the bit geometry and the cutting principle.  The newly 
developed frustum bit was found to have superior cutting characteristics with 
much lower dust production.  Further, compared to standard conical type bits, the 
frustum design showed very little wear even when cutting hard, abrasive 
sandstone type formations typically encountered in coal mine roof strata.  
Extended bit wear life also means less dust production during the cutting 
operation of the continuous miner.  
 

 
 

Figure 15. The linear cutting test rig for dust generation tests 
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Figure 16:  Lab data sheet used for dust generation tests 
 
 
Based on laboratory cutting test results, a model algorithm was developed to 
predict the relative amount of dust generated by different bit types and cutterhead 
designs.  This, in conjunction with performance prediction modelling, was used to 
develop a cutterhead design for the anticipated geology at the mine where the 
tests are to take place.   
 
Field-testing was scheduled in order to accommodate the manufacturing process 
and to coordinate with the maintenance schedule of the mine.  The mine 
maintenance schedule was controlled by the timing of an exchange of the 
continuous miner cutterhead gearbox.   Also, Joy manufactured the experimental 
cutterhead and the field test plan was developed in detail. 
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Figure 17:  Model Interface 
 

 
 

Figure 18:   Cutterhead bit layout map 
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Full scale testing began in January 2002 at 20 Mile Coal Company, a major 
western underground coal mine, with a 3 inch (7.6 cm) nominal spacing 
cutterhead.  Five full shifts were monitored for respirable dust using standard 
Mine Safety and Health Administration (MSHA) approved methods.   These five 
shifts covered a full range of cross cuts including a fan move.   
 
Historical respirable dust data was acquired for the previous year from a 
continuous miner operating in the same gate road entries with a 2.25 inch (5.7 
cm) nominal spacing cutterhead.  Also, a cutterhead with a 3.75 inch (9.5 cm) 
nominal spacing has been manufactured by Joy and delivered to the mine 
(although no further information could be obtained).  Kennametal is 
manufacturing special run bits to be tested with the latest cutterhead (although no 
further details could be obtained). 
 

 
Figure 19:  Continuous miner during field test 

 

 
Figure 20. Coal/Rock interface cut by 3 inch (7.6 cm) spacing cutterhead 
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Fig. 21.  3 inch (7.6 cm) spacing cutterhead 
 
  
Monitoring of respirable dust will continue throughout 2002. This is being done in 
order to evaluate different variables and to provide a statistically stable database 
for calibrating the dust generation models. Also, radial bits and the new frustum 
bit will be laboratory tested in coal samples to extend this research in the realm of 
longwall shearers.  The collection of coal samples for continued laboratory testing 
has been scheduled and the task specific design of the frustum bits has begun.   
 
Proposed research within this programme during the 2002-2003 period, is 
included as Annexure V. 
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SIZE DISTRIBUTIONS DERIVED FROM LOCAL INVESTIGATIONS 
 
Face samples 
 
During October 2002, some size distribution data was obtained from a mine 
working the No 2 seam and the No 4 seam in the Witbank area. Figure 22 shows 
the results of  samples taken from four continuous miner sections, two in the No 4 
seam and 2 in the No 2 seam. The samples were taken from the conveyors on 
the machines and the cutting height ranged between 4.3 m and 4.5 m. This 
particular mine supplies coal to an adjacent power station and the standard sieve 
sizes used are as reflected in figure 22. Out of the four results, three machines 
show reasonably similar size distributions while the fourth machine, Voest ABM 
30, reflects a much coarser product. However, the other Voest ABM 30 
continuous miner reflects the least coarse product size with the two Joy 
continuous miners being in-between. One Joy machine and one ABM 30 was in 
each of the seams and although the ABM 30 cutting in the No 4 seam could be 
the reason for this being the coarser product, this is not borne out by the results 
from the Joy machines. The percentage of –6.7 mm size fraction varies between 
a high of 20% and a low of 12%. The upper limit of screen size used was 37.5 
mm and the size fractions greater than this vary between a high of 52 % to a low 
of 28 %. These results, when compared to the size distribution shown in figure 1 
for the face sample at Mine A, are much coarser. Extrapolating from figure 1 for 
the –6.7 mm and the +37.5 mm fractions of figure 22 gives values of 30 % and 25 
% respectively. Therefore, the size distribution for the face sample of Mine A, 
figure 1, contains between 10 % and 18 % more coal in the –6.7 mm fraction and 
between 3 % and 27 % less coal in the +37.5mm fraction.  
 

 
Figure 22: Size distribution at face of high seam drum-type continuous 

miners: Mine B 
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Feed to plant samples 

 
Figure 23:Size distributions of feed to plant from four continuous miner 

sections: Mine C 
 
The size distributions shown in figure 23 were obtained from a colliery in the 
Witbank area using four continuous miners in the No 4 seam. The data forms part 
of the mine’s daily sampling procedure but the results are reflected on a monthly 
average basis. All continuous miners are from Joy Mining Machinery Company 
and are of the 12HM31 type cutting in the region of 3.2 m high.  
 
Two distinct groups of size distributions are shown in figure 23, the difference 
being the working efficiency of the primary crusher. The lower three curves in 
figure 23, for the years 2000, 2001(a) and 2002(a), illustrate the size distribution 
with the primary crusher operating at the required setting of 100 mm. The size 
distributions reflected by the upper two curves for the years 2001(b) and 2002(b), 
were obtained while the crusher setting due to wear and tear was in excess of 
100 mm and consequently a much coarser product was going to the plant. In the 
latter case, the sample results designated 2001(b) and 2002(b) were an average 
over one month. For the years 2000, 2001(a) and 2002(a) the size distributions 
are averages over time periods of 3 month, 5 month and 2 month respectively. 
 
With the crusher operating at the normal setting of 100 mm, the –0.5 mm fraction 
going to the plant averages 5.8%, whereas this was reduced to 3.1% with an 
incorrectly set crusher. With the –6.3 mm fraction the difference was more 
dramatic. Normally the feed to plant contains an average of 30 % -6.3 mm 
fraction, but this reduced to 12.9% when the crusher was wider than normal. The 
influence on the larger size fractions is more readily indicated in figure 23. At this 
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mine, Mine C, there was no pre-screening out of the undersize fractions and all 
ROM went through the crusher. 
 
Crushing of ROM prior to coal washing is a prerequisite to obtain the required 
separation for quality control purposes. However, as shown by the size 
distributions shown in figure 23, crushing increases the smaller size fractions 
quite considerably.      
 
The feed to plant size distributions for Mine C with the crusher working normally 
are similar to the face size distribution of Mine A as given in figure 1 and 
considerably coarser than the feed to plant size distribution of Mine A, also shown 
in figure 1. Since the results for Mine A and Mine C are from the same seam, No 
4 seam, the difference in the size distribution must be due to cutting procedures 
between the two mines. Alternatively, it must be remembered that the size 
distribution from Mine A is from one sample only whereas the size distributions 
from Mine C are monthly averages over a number of months. More samples 
would have to taken at Mine A for a better comparison to be made.  
 
CONCLUSION 
 
Internationally, little work has been done in the field of coal fines reduction 
associated with underground continuous miner and longwall shearer type 
operations. Where research has been done, this has been largely focused on the 
reduction of dust associated with these types of cutting mechanisms to improve 
health and safety of employees, rather than focusing on the economic losses 
resulting from the creation of small sized coal less than 0.5 mm. 
 
Specific international research conducted into coal fines minimisation has been 
generally limited to surface mining applications, particularly through ACARP in 
Australia, and the methodologies and outcomes from these research programmes 
have not been dissimilar to local research conducted in Coaltech 2020 Task 4.8.1 
(de Korte, 2000).  
 
Although some local mines are investigating or implementing means of reducing 
degradation by utilising different conveyor transfer chutes, or reviewing cutting 
procedures, the only local company to undertake definitive research into the 
subject over a number of years is Sasol, who, unfortunately were unwilling to 
provide information. However, the size of coal that is a problem to Sasol is 
reported to be 6 mm and less, which is much larger than the size of 0.15 mm 
which is a problem size for some export mines.   
 
Data provided by one mine to show the change in size distribution that takes 
place as coal flows from the working face to the coal processing plant, gives an 
indication of the degradation that takes place and shows the influence of silos, 
crushers and conveyor transfer points. Because of normal fluctuations that occur 
in machine cutting performance at the face and variations in sampling 
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procedures, such studies as undertaken by Mine A require to be done at regular 
intervals to obtain the range of variation that can occur. 
 
The plant feed size distribution of one mine has a similar profile to the size 
distribution obtained from the face at another mine indicating that wide 
fluctuations occur in size distribution from mine to mine. The solutions to reducing 
degradation will not always be the same at all mines and mines need to 
determine where the immediate benefits can be achieved. 
 
RECOMMENDATIONS 
 
It is recommended that this project does not proceed further for the following 
reasons: 
 
1 The effect of degradation of coal, whether it occurs at the face during 

production or along the transport network, impacts on mines differently 
from the point of view of profitability. The size of coal that creates a 
problem for mines also varies to some extent and mines have different 
contractual arrangements with their customers over size range variations. 
Therefore, the topic of the sources of degradation and means of reducing 
them impacts on financial performance and this is seen as an area of 
competitive advantage to some mines. 

 
2 The mines that have identified problems with fine or super-fine coal are 

implementing procedures to rectify or minimise the problems and are doing 
this themselves or with equipment manufacturers or with external 
consultants. 

 
3 Existing Coaltech 2020 projects within the coal processing area, which will 

continue during 2003, are addressing problems associated with the 
improved recovery of fine and ultra-fine coal aimed at improving 
profitability. 

 
4 One of the major sources of coal degradation is in the face where 

breakage takes place by cutting machines such as continuous miners and 
longwall shearers. The basic concept of these machines has remained 
unchanged for about 50 year with major research having been conducted 
in many countries into the problems of airborne dust and frictional ignitions. 
These, and other problems concerning pick life, pick lacing and drum 
rotational speed still exist to various degrees. Consideration should be 
given by Coaltech 2020 to investigate new and innovative methods of coal 
cutting.   
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ANNEXURE I 
 

COAL CUTTING: THEORY AND PRACTICE 
 
Since the development of what was then known as the Anderton longwall shearer 
in the UK in the late 1940’s early 1950’s, much research has been done into coal 
cutting. The knowledge gained at the time was documented in 1966 in the 
monograph of Evans and Pomeroy (1966). Since that time, further investigations 
have been done by various institutions and Universities around the world, the 
majority of investigations being laboratory–based. A notable exception was the 
work of COMRO in the late 1970’s/early 1980’s when the coal industry supported 
underground trials using an experimental Lee Norse 456 continuous miner. The 
results of these trials were widely documented, Roxborough (1981), Roxborough 
(1982), Boardman (1980). Many more references concerning cuttability of coal 
and rocks are available in ‘Audit of Coal Cutting Technologies’, Interim Report of 
Coaltech project 2.4.1 by Ismail and O’Brien. 
 
The majority of early research in to coal cutting problems during the 1960’s and 
1970’s accompanied the development of cutting machines such as the 
continuous miner and the longwall shearer. Roxborough (1982) noted in 1982 
that ‘face equipment has become bigger and more powerful such that present-
day machines have little difficulty in cutting coal, albeit inefficiently, at a much 
faster rate than can be handled by the coal clearance system’. Considering the 
development that has taken place in shearer and continuous miner cutting rate 
capacity, the statement of 1982 is still very valid to-day. 
 
From previously reported studies, Evans (1966), Roxborough (1982), two major 
relationships of cutting exist: 

 
Cutting and normal forces acting on a pick increase approximately linearly 
with depth of cut    
 
Specific energy reduces (i.e. efficiency improves) as the depth of cut is 
increased. 

 
Following on from the above two factors, it has also been established that for 
maximum cutting efficiency, the spacing between picks in a cutting array should 
be between 1,5 and 2 times the depth of cut. This, unfortunately is one of the 
anomalies of theory that is difficult to control in practice particularly with the 
majority of continuous miners and to a lesser extent, shearers. 
 
The development that has taken place in South Africa concerning continuous 
miner design capability centred originally around increased machine mass and 
this was closely followed by improved cutting drum design. Following on from the 
previous statement by Roxborough (1982), to-days continuous miners have the 
capability to cut coal relatively easily, however problems arise with in-seam stone 



43 

bands and general cutting inefficiency arising from the rotary cutting principle. It is 
not unusual to see cutting drums with broken picks, broken pick boxes or missing 
pick boxes and yet the machines have continued cutting. 
 
Pick design has changed only marginally over the last 15 to 20 years. The point 
attack pick is still the most widely used shape for coal cutting. This is not 
surprising since one of the findings of the underground trials reported by 
Roxborough (1982) was that the point attack pick was more efficient than a chisel 
pick at depths of cut exceeding about 50mm to 60mm. Picks have become larger 
and stronger which was a necessity because of the increased power of the 
continuous miner cutting drum motors and the increased spacing of picks on the 
drum.  
 
In practice, a continuous miner or a longwall shearer has to produce coal 
economically and in an environmentally safe and healthy atmosphere. The 
efficiency of cutting must be such as to satisfy these production and environment 
requirements.   
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ANNEXURE II 
 

ALTERNATIVE CUTTING TECHNOLOGY 
 
Theory and practice of cutting indicates that efficiency of cutting increases as 
depth of cut increases. In addition, as depth of cut increases then the spacing 
between picks should increase to maintain the spacing to depth of cut ratio within 
the range of 1,5 to 2. With the cutting action of a continuous miner it is virtually 
impossible to conform totally to what theory and general practice require. The 
normal operating procedure with a continuous miner is to sump the cutting drum 
in to the seam at roof level and at some predetermined point (half a drum 
diameter, full drum diameter, etc) shear down to floor level. During the sump 
operation the picks enter the coal at a zero depth of cut at the roof horizon, 
increase to a maximum depth of cut at mid-drum height and leave the coal seam 
at zero depth of cut. Thus during the sump operation, since the pick spacing is 
fixed, the spacing to depth of cut ratio continuously varies between some 
minimum value at mid-drum level to an infinitely large value on entry and exit from 
the coal seam. Figure II-1 illustrates the change in depth of cut during one drum 
revolution during which the advance was assumed to be 20mm.  
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Fig. II-1. Variation in depth of cut during one drum  

revolution of the sump procedure. 
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It has been shown by Roepke (1989), following extensive work at the United 
States Bureau of Mines (USBM), that less than 20% of the coal is produced while 
a pick is increasing from zero to 0,7 of maximum depth of cut. Conversely, more 
than 80% of the coal is produced between the point where the pick is at 0,7 
maximum depth of cut and the mid-drum level (maximum depth of cut). To 
overcome the fact that over 70% of the depth of cut is in the shallow cutting, low 
coal recovery part of the drum rotation where the ratio of dust produced and 
energy used to the volume of coal recovered is a maximum, Roepke concluded 
that ‘to design an optimum cutting system, the low recovery portion of the rotary 
drum must be designed out of the system’. From this work of the USBM, a 
continuous miner based on the ‘linear coal cutting concept’ was proposed. This 
concept is referred to in the interim report of Coaltech 2020 project 2.4.1 
 
Linear coal cutting is not new, except when it is applied to the operation of a 
continuous miner. Various machines have been developed for longwall 
operations that are based on the linear cutting principle. Such machines as 
ploughs (widely used in Germany) some models of which used activated cutters, 
Woodruff (1966), Huwood Slicer and Samson Stripper were designed to take 
slices of varying thickness along a longwall face. However, for various reasons 
such machines have tended to disappear leaving the shearer as the major coal 
production machine for longwall operations.  
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ANNEXURE III 
 

SIZE DISTRIBUTIONS DERIVED FROM PREVIOUS LOCAL RESEARCH 
INVESTIGATIONS 

 
 
Although the first continuous miner was introduced in South Africa in 1957, Grout 
(1958) and Simon (1957), it was not until the mid-1970’s that their application 
started to increase, Hardman (1987).  In 1957, Coalbrook Colliery obtained a 
Goodman borer, which was a ‘full-face’ cutting machine making use of auger 
heads and profile trimming chains. This machine remained at Coalbrook for a 
number of years before being replaced by Joy drum miners in the late-
1960’s/early-1970’s. 
 
From the mid-1970’s the use of continuous miners started to escalate, being 
about 20 in number in 1977 to 110 in 1985, Hardman (1987). During this time, 
investigations by the Chamber of Mines Research Organisation (COMRO) 
commenced into various problems relating to continuous miner usage. Included in 
these studies were in-seam cuttability assessment using a borehole indent 
device, in-situ underground cutting trials with an experimental continuous miner, 
airborne dust monitoring and assessment, continuous miner performance data 
collection and analysis and productivity studies. One study, Thorpe (1986) 
concerned the comparison of coal sizes produced by different mining methods.  
Figure III-1 compares size distributions from four different methods of winning 
coal. For the continuous miners, the samples were taken from the conveyor boom 
following a sump and part shear operation. For the other three methods, the 
samples were taken from the section belts. 
      

 
Figure III-1: Comparison of size grading of different coal winning methods 
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Samples were collected from 17 continuous miner sections at 10 different 
collieries and include some samples collected and sized by the mines in addition 
to those taken by COMRO personnel. The continuous miners were mainly the 
drum type but also included two samples from roadheader sections and one 
sample from a Wilcox auger. Fourteen conventional drill and blast sections were 
sampled from 9 different collieries. The samples taken from two top-coaling 
sections were from a colliery where samples were obtained from conventional drill 
and blast sections. Figure III-1 indicates similarities between the size ranges for 
continuous miners and longwall shearers. Both methods give approximately 35% 
of their production in the ranges +25mm and between 25mm and 6mm, leaving 
30% to be less than 6mm. The only two features of note in figure III-1 are that 
conventional drill and blast sections provide more product in the +25mm range 
(40% as opposed to 35% for the other methods) and that top-coaling sections 
show more duff sized product than the other methods (35% opposed to 30%).  
Considering that top coal is blasted from the roof of seams that may have been 
previously primary mined to a height of 3m, then it can be concluded that much of 
the coal is fractured due to the fall after blasting. 
 
 The samples collected and sized by some of the mines had slightly different size 
ranges than those sized by COMRO personnel. Also, those machines with 
different cutting actions to the normal drum-type continuous miner were 
considered separately.  Figure III-2 shows the data from the study that was 
sampled and sized by COMRO personnel and separates the machines that have 
different cutting actions.    

 
Figure III-2: Comparison of size grading of different machines and methods. 
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compared to 40% for continuous miners. The Wilcox auger miner has 82% of 
product less than 25mm size. The Dosco has more –6mm sized product than 
drum miners and less +25mm sized product. It is not surprising that the Wilcox 
auger produces most of the duff-sized coal because it is designed as a low seam 
machine and its mode of cutting and loading using twin auger screws sweeping 
across a face is mainly a sumping action. It does not have the benefit of a shear 
cycle like a high seam drum miner where the picks cut to a free face. 
 
Excluding the data for the Wilcox and Dosco machines, a statistical analysis of 
the sample data shown in figure III-2 resulted in the conclusion that there was no 
significant difference in the under-size and over-size between the three methods 
of coal breakage.  However, it was concluded that in the mid-size range the 
results ‘strongly suggest that the means are significantly different and that 
longwalling and continuous miners produce a higher proportion of 6mm to 25mm 
coal than for conventional blasting methods.’  
 
Part of the COMRO investigation included measurement of continuous miner 
cutting times from which depths of cut in mm per drum revolution could be 
calculated, knowing the drum rotational speed in revolutions per minute. 
Measurement was also made of pick spacing by measuring the distance between 
grooves on the coal face. A statistical analysis of the size grading ranges 
compared to depth of cut resulted in the conclusions that for continuous miners 
the amount of +25mm coal increased with increasing depth of cut and the –6mm 
product decreased. Depth of cut per drum revolution varied between about 35mm 
and 69mm and pick line spacing varied from 39mm to 78mm. Figure III-3 shows 
the  influence of depth of cut per drum revolution on the percentage of –6mm 
product.  
 
The statistical analysis of the depth of cut data shown in figure III-3 resulted in an 
exponential curve fit of the form y = 49,34e-0,01x. For the +25mm sized product a 
curve of the form    y = 23,46e0,01x was derived. There was insufficient data to 
draw any conclusions for the longwall operations. 
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Figure III-3. Influence of depth of cut per revolution on –6mm sized coal. 

 
During 1975 trials using a NMS Marietta model 3080 continuous miner were held 
at South Witbank colliery in the number 4 seam. 
 

Figure III-4:  Influence of pick spacing on size grading (in Thorpe, (1986)) 
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from ideal because the pick boxes and pick holders were left on the drum, was a 
necessity to improve cutting performance. Unfortunately, there is no data 
available concerning machine performance or how the depth of cut was 
influenced. 
 
During early 1998, a surface auger machine was utilised at a number of collieries 
in different seams. Figure III-5 shows size grading results of tests done in the No. 
5 seam.  
 

 
Figure III-5: Size grading from trials with a surface auger 

 machine, No. 5 seam, 1998 
 
The indication from figure III-5 is that the hole of 110m length gives a higher 
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ANNEXURE IV 
 
SOME FACTORS INFLUENCING COAL SIZE AT THE WORKING FACE  
 
These include coal seam characteristics, cutting machine design including cutting 
tools and cutting machine operational parameters. 
 
Ismail (2002) has adequately covered geotechnical parameters of South African 
coalfields that might influence coal cuttability and this will not be repeated here. It 
is considered that the coal seam characteristics are an in-situ parameter that has 
to be managed but that there is little that can be done to change them. As an 
example, water infusion ahead of working faces has been applied in some mines 
to reduce dust at the working face, but the cost and logistical requirements 
causing interruption to the production operation meant that the system could not 
be justified on an on-going basis. 
 
Continuous miner cutting drums now have much wider pick spacing and, 
consequently, fewer picks on the drum. There is also more clearance between 
the picks and the drum circumference thus reducing the occurrence of 
recirculation of coal. Early machines had pick spacing in the region of 50mm (2”), 
whereas present day machines mainly employ between 76mm (3”) and 100mm 
(4”) although wider spacing in the region of 125 mm (5”) has been used. It has 
been shown previously that wider spacing can result in fewer fines. As pick 
spacing goes wider, so the depth of cut should be increased in order to maintain 
an efficient cutting process. Wider spacing without a commensurate increase in 
depth of cut will lead to coring and a grinding process as opposed to cutting. This 
will lead to higher airborne dust quantities, higher pick wear and higher quantities 
of small-sized coal. The mass and installed power of present-day continuous 
miners allows machines to take deeper cuts with wider pick spacing than previous 
machines, however, these benefits can be negated by poor operating practice. 
Drum rotational speed is not considered to be a prime factor in producing a larger 
size of coal. Slower drum speeds require the depth of cut per revolution to 
increase if a machine is going to produce the same amount of coal per unit time 
as a machine with a faster rotating drum. Thus it is not the reduction in speed, but 
the increase in depth of cut that will give a coarser product. 
 
Generally, drum rotational speed is of concern from the effect on airborne dust 
disturbance. 
 
To maintain efficient cutting, all pick boxes should contain picks and picks must 
be sharp. For those continuous miners that rely on friction between floor and 
traction chains to generate the forward thrust to sump-in, the floor should be 
reasonably free of sludge and duff. When traction chains slip thrust force 
generated by the machine is insufficient to overcome the resistance of the coal 
seam and the cutting drum will eventually cease penetration. Consequently the 
depth of cut per revolution of the drum decreases, the spacing to depth of cut 
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ratio increases and efficiency reduces. In these situations, airborne dust generally 
increases and a higher percentage of small-sized coal is generated. In addition, 
picks wear much quicker which necessitates more frequent pick changes with 
increased cost and downtime. 
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ANNEXURE V 
 
 

PROPOSED USA RESEARCH PLAN FOR 2002-2003 
 
Given the very promising test results obtained to date, it is proposed that this 
research program continues into next year with a planned full-scale field testing 
on a longwall shearer. In addition to the Colorado School of Mines, the research 
team for this second phase will include the following organizations:  
 

•  The Twenty Mile Coal Company has expressed a very large interest in 
helping to continue this research at their Foidal Creek Mine.  This includes 
continued work with the continuous miners and expanding into the longwall 
shearer program. 

 
•  The Joy Manufacturing Company, the world’s largest manufacturer of 

continuous miners and a prominent manufacturer of coal shearers, whom 
have already provided considerable support, are interested in actively 
participating in the continuation of this research.  

 
•  Kennametal is the world’s largest cutting bit manufacturer and have an 

excellent track record of supporting cutting research and sharing 
information.  They have committed to providing bits of a recently 
developed design for testing and will also participate in field trials.    

 
This information is limited and the programme researcher is unwilling to divulge 
any further information regarding this work. 
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