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The Covid-19 pandemic has severely 
impacted Coaltech and its service providers 
with progress on projects delayed by up to six 
months. It seems unlikely that these delays 
will be made up in the coming year, which in 
a way has reduced the financial pressure on 
the company. 

During the year, members Sasol Mining and 
Exxaro Resources resigned from the Board 
of Coaltech citing, amongst others, the 
impact of the pandemic. Other members 
also reduced contributions, resulting in a 
severely constrained budget for the year. It 
was decided to prioritise funding of projects 
in execution and as a result, only five new 
projects were approved for the year, two 
mining projects and three coal processing 
projects. Even so, it is expected that the 
company will have to access its reserves 
to honour R&D commitments during the 
2021/22 financial year.

I am hopeful that improving economic 
conditions will convince Sasol and Exxaro 
to re-join Coaltech, which would somewhat 
alleviate the financial squeeze on the 
company and ensure its sustainability in the 
medium to long term.

Also during the year, society has been placing 
increasing pressure on the coal mining and 
power industry to decarbonise. It is widely 
accepted by the industry that renewable 
energy needs to be introduced to counter 
climate change, however this requires a just 
transition that ensures both reliable power 
and minimum disruption to the industry.

The following technical subcommittees have 
been active during the year:
• Mining (underground mining, open 
 cast mining, ventilation, asset 
 management & geoscience disciplines) 
 - led by Hendrik Potgieter (Sasol 
 Mining)
• Coal Processing - led by Jan Voges 
 (Glencore)
• Rehabilitation and Surface 
 Environment - led by Ritva 
 Muhlbauer (Anglo American)

The following projects were completed 
during the year:
• Mining
 • Methane ignitions on continuous  
    miner cutting heads, Phase 4.
 • Dust monitoring on continuous 
    miners.
 • The effects of antioxidants on 
    spontaneous combustion of coal.
 • Preventative safety measures and life 
    lines in underground coal mines.
 • Improved utilisation of underground 
    coal resources (Phase 1).

• Coal Processing
 • Development of a horizontal 
    winnower.
 • The use of wind sifter technology.

• Surface Environment
 • The use of ground penetrating radar 
    on rehabilitated soils.
 • Wetland repair with Dongalock 
    shutters.
 • Development of a diatom-based pan 
    index

C H A I R P E R S O N S  R E V I E W 

“Coaltech, as indeed 
South Africa and the rest 

of the world, had a 
tumultuous 2020.”
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 o Revegetation of non-topsoiled  
    substrates associated with coal 
    mining in Mpumalanga province in 
    South Africa.
 o Microbial markers as indicators of soil 
    health of rehabilitated opencast coal 
    mined land.

The following projects will be running in the 
2021/22 financial year:
• Mining
 • Management of hot holes and coal 
    bench blasts.
 • Evaluation of coal dust explosibility 
    test equipment.
 • Development of spontaneous 
    combustion guidelines.
 • The integrity of respirable dust 
    sampling processes.
 • Improved utilisation of underground 
    coal resources.

• Processing:
 • Sepair pilot plant testing of different 
    South African coals.
 • Potential technologies to reduce the 
    sulphur content of coal.
 • Ceramic drying of fine coal.
 • Agglomeration of fine coal.
 • Air assisted screening of fine coal.
 • Development of a prototype of a 
    horizontal coal winnower.
 • Upgrading of coal with a Knelson 
    concentrator.
 • Further development of a wind sifter 
    separator.
 • Hydrothermal treatment of discard to  
    extract valuable materials.

• Surface environment
 • Absorption capability of different 
    bamboo species.
 • The impact of rehabilitated soils on 
    acid mine drainage caused by 
    precipitation.
 • Guideline for coal mine closure 
    relinquishment criteria.
 • Soil fabrication with fine coal and 
    coal discards.
 • Research into eutectic freeze 
    crystallisation.
 • A guideline for legislative approval of 
    coal mine pit lakes.
 • Vegetation resilience on rehabilitated 
    land.
 • Phyto mining and hyper 
    accumulation of metals.
 • Groundwater study of the 
    Saalklapspruit rehabilitated wetland.
 • Carbon capture and energy recovery 
    with algae.
 • Treatment of acid mine drainage for 
    irrigation.
 • Organic materials for artificial 
    wetlands.

During 2020, 15 students were supported 
with bursaries. Of these, one obtained a PhD 
and six obtained MSc degrees. 

Three mini ideation sessions were held during 
2020, one for each technical committee. 
Because of the Covid-19 pandemic these 
were virtual sessions. They were well 
attended and confirmed previously identified 
research focus areas.

No colloquium was held during the year. 
The next colloquium is planned for early 
2022, depending on the development of 
the pandemic.

Ranganai Chinamatira
Chairperson of Coaltech Research Association

C H A I R P E R S O N S  R E V I E W  CO N T ’ D 
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Beneficiation of Weathered Coal Discards Through 
Advance High Internal Phase (HIP) W/O Technique
P M MASHABA 

INTRODUCTION

There is an accumulated 1.5 billion tons of discard 
coal stockpiled in South Africa and 60 million 
tons produced annually. These ultra-fines and the 
discards are generated because of mechanised 
mining and beneficiation of South Africa’s poor 
grade coal through conventional washing 
techniques. 

Almost one hundred percent of these fines are 
pumped and stored in discard dumps or slime 
dams because they do not meet the particle 
size requirements for further processing. The 
dumping of these coal particles had led to the 
coal surfaces being exposed to air, thereby, 
leading to the adsorption of hydrophilic and 
oxygenated functional groups like carboxyl 
(O=C-OH), carbonyl (-C=O) and hydroxyl which 
renders the coal ultra-fines weathered or oxidised. 
Consequently, weathered coal becomes difficult 
to float with oil collectors like kerosene or diesel. 

Given the above limitations in recovering oxidised 
coal, an advanced W/O HIP technique was 
proposed. The process utilises the high internal 
phase water-in-oil (HIP W/O) emulsion binder. The 
emulsion binder is an emulsifier, it acts both as a 
hydrophilic and hydrophobic reagent, i.e., it can 
recover oxidised coal (hydrophilic). 

Unlike traditional collectors which utilise 100 vol% 
of pure oil, the preparation of the emulsion binder 
only requires 5 vol% of pure oil. This is due to the 
water space filling functionality of the emulsion 
binder which does reduce oil usage. With this 
approach, it is expected that the high-grade 
fraction of the oxidised fines can be recovered 
and used for other applications. 

RESEARCH OBJECTIVES

The main aim of the research was to examine 
the potential of HIP W/O emulsion binder for 
the recovery of carbonaceous ultra-fines (- 150 
µm) which are more difficult to float using oily 
collectors. 

The effectiveness of this approach was determined 
by achieving the following objectives:
• Investigate the physico-chemical 
 properties and degree of weathering of 
 the three fine discard coals utilised.
• Investigate the stability of all emulsion 
 binders prepared at different 
 concentrations by measuring their 
 conductivity at different agitation times. 
• Investigate the impact of W/O HIP 
 emulsion binder and Kerosene doses on 
 clean coal products yield, ash content and 
 calorific value.
• Examine the ability of the emulsion to 
 handle different ultra-fine coal feeds 
 during the batch test.

EXPERIMENTAL

The coal preparation and characterisation

As indicated in Figure 1, three discard coal feeds 
which have been dumped for about 20 – 30 years 
sourced from Witbank coalfields were used for the 
beneficiation study. Discard coal 2 with greyish 
colour was collected from outside of the stockpile 
and the coal was exposed to severe weather. 
On the other hand, discard coal 1 and 3 were 
collected inside the stockpile. From the particle size 
distribution (PSD) of the coals, it was found that 
80% of the coal particles were passing - 150µm.  

Figure 1:  
As received sample of 
discard coal 1, 2 and 3
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HIP W/O emulsion binder preparation

The reagents used for the HIP W/O emulsion preparation include Kerosene, NaCl and the Span 
80. Four sets of 300ml batches of the emulsion were prepared in accordance with the procedure 
outlined in Figure 2. The dispersed phase for all the batches of emulsion prepared comprised of 95 
vol% aqueous NaCl solution with different NaCl concentrations (8.55g and 14.25g) and 285ml of tap 
water. The continuous phase (organic liquid) consisted of 5 vol% of pure oil and was prepared using 
different ratios of the Span 80 and Kerosene as shown in the same figure.

Figure 2:  Configuration for the HIP W/O emulsion preparation

The viscous emulsion binders in Figure 3 were prepared by mixing the Span 80 and Kerosene 
in a Kenwood Chef stand mixer, with 7.5ml of aqueous NaCl solution added incrementally for 
every 15 seconds.

Figure 3:  The procedure on how the emulsion binder was prepared
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Emulsion Stability
The stability of the emulsion binder during 
beneficiation is very important. Therefore, the 
conductivities of the emulsion binders prepared 
were measured using a conductivity metre 
(WTW LF 340) to determine their stability. For 
this test, 8g of the emulsion binder from each 
batch (Figure 2), was dispersed within 500ml 
of tap water and then agitated at the speed of 
1,000rpm using a mechanical flotation cell. The 
agitation time was varied between 0 and 25 
minutes, and the conductivity was measured 
after the set agitation time.

Beneficiation Test 
The beneficiation tests were carried out using 
a mechanical flotation cell to beneficiate three 
discard coal feeds. A 25wt% coal was used to 
prepare a coal-surry mixed in a 1.5L cell for two 
minutes at the speed of 1,000rpm. Whereas 
the rest of the stages, which include scavenger, 
cleaners and re-cleaners were mixed for two 
minutes under the same conditions. The HIP W/O 
emulsion binder and Kerosene dosages of 1.5g, 
2.0g and 2.5g were used and conditioned for 30 
seconds. These reagents mass was converted to 
5kg/ton, 7g/ton and 9kg/ton respectively, using 
the equation:

As indicated in Figure 2, the organic liquids (Span 
80 and Kerosene) within the HIP W/O emulsion 
binder accounts for 5 vol% of the above-
mentioned kg/ton, whereas 95 vol% represents 
the aqueous NaCl solution. The organic liquids 
are equivalent to the corresponding 0.25kg/
ton, 0.35kg/ton and 0.45kg/ton as calculated by 
Equation 2. Kerosene was used in its pure form 
as indicated by Equation 3.

Upon the floating and scrapping of the 
carbonaceous products within 30 seconds, 
the clean coal concentrate, and the inorganic 
(tailing) as indicated in Figure 4 were dried in 
an oven at 50 °C for 15 hours. Subsequently, the 
dried masses were used in calculating the yield 
and the ash content of the clean coal and tailing 
product, using Equations 4 and 5 below.

Equation 1

Equation 2

Equation 3

Equation 4

Equation 5
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RESULTS AND DISCUSSION

Physico-chemical properties and degree of 
oxidation of the coal

From the coal proximate analysis, it was found 
that discard coal 1 has an ash content of 29.34% 
with discard coal 2 and 3 having an ash content 
of 48.71% and 41.71%, respectively. In terms of 
calorific value, the coal samples can be classified 
as Grade D III due to their heating values ranging 
between eight and 21MJ/kg. 

From the total sulphur and total carbon analysis, 
discard coal 2 and 3 have a total carbon content 
of 24.9% and 43.7%, respectively. This suggests 
that the coals are weathered.  

Figure 3:  Schematic representation of the beneficiation tests

Table 1:  The physico-chemical properties of three discard coals

Ash: Ash content; FC: Fixed carbon; VM: Volatile matter; 
M: Inherent moisture; TC: Total carbon; TS: Total sulphur and CV: Calorific value
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The degree of oxidation of the coal samples was 
determined using a fourier transform infrared 
spectroscopy (FTIR) analysis. Discard coal 2 
was found to be highly weathered compared 
to discard coal 3 and 1 as seen in Figure 5. This 
is indicated by the most pronounced peak of 
COOH found at the coal surface (coal 2) and it 
corresponds to the wavenumber of 3,000 to 
3,500cm-1. The results are consistent with the 
total carbon analysis results which indicate that 
discard coal 2 has the lowest carbon content of 
24.9%, as shown in Table 1. 

The FTIR spectra for the HIP W/O emulsion 
binder and Kerosene used in the beneficiation 
of the discard coal feeds were examined to 
determine their functional group compositions. 
As indicated in Figure 6, the oxygenated 
functional groups (O-H and C=O) are also 
found at the surface of the emulsion binder 
suggesting that the emulsion will bond with 
the highly weathered discard coals. On the 
other hand, the hydrophilic oxygenated groups 
are invisible for Kerosene.

Stability of the HIP W/O Emulsion Binder

As illustrated in Figure 7, the conductivities 
of the emulsion binders prepared at different 
volume ratios increased with the agitation time. 
The increase noted is due to the force applied 
(mechanical stirring) to the HIP W/O emulsion 
binders. As a consequence the oil films of the 
Kerosene and the Span 80 phase break and 
release the NaCl to the suspending liquid, 
leading to phase inversion. For emulsion binder 
4, its conductivity continues to increase up to 
20 to 25 minutes, whereby the conductivity 
almost remained constant. This increase was 
reported to be because of the high quantity of 
NaCl that was released to the suspending liquid 
of tap water. 

In this study, binder 1 was used for the 
beneficiation test because it degrades at a 
lower rate as indicated by the lowest obtained 
conductivities. This is also in agreement with 
the study conducted by Netten et al. (2016) 
and Borrow et al. (2018) where the authors 
reported that Span 80 and Kerosene mixed in 
equal proportion enhanced the bonding and 
consequently the viscosity and the stability of 
the binder. Moreover, the emulsion binder 1 
produced a clean coal product with the lowest 
ash content of 11.76% and the highest calorific 
value of 28.69MJ/kg as indicated in Table 2. Based 
on this preliminary test result, binder 1 was used 
for the beneficiation of all the coals tested.

Figure 5: FITR spectra of the discard coal 1, 2 and 3

Figure 6: The FITR spectra for the HIP W/O
emulsion binder and Kerosene

Figure 7: Agitation time on the degradation of the 
binder (S: Span 80; K: Kerosene)
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Impact of reagent dosages on ash reduction 
and yield of the coal discards

Figure 8 depicted the yield and ash content of 
the floated carbonaceous clean coal products 
obtained from the beneficiation of discard coal 
1 under different dosages (5kg/ton, 7kg/ton 
and 9kg/ton) of the HIP W/O emulsion binder 
1 and Kerosene. The HIP W/O emulsion binder 
1 at dosages of 5kg/ton, 7kg/ton and 9kg/ton 
reduced the ash content of the coal from 29.34% 
to 20.68%, 21.06% and 23.65%, respectively. 

The corresponding floated carbonaceous yields 
of 40%, 64.81% and 87.23% were achieved 
from the same sample. A clean coal product of 
21.14%, 22.38% and 28.09% ash content with 
ultra-fines yield of 55.42%, 78.79% and 94.21% 
were recovered from 5kg/ton, 7kg/ton and 9kg/
ton of Kerosene, respectively. 

The concentrates obtained from the rougher 
stage were furthered beneficiated using 5kg/ton, 
7kg/ton and 9kg/ton of HIP W/O emulsion and 
Kerosene. As indicated in Figure 10, the cleanest 
coal product with 11.76% ash was achieved 
using 5kg/ton of emulsion, while lowest ash 
content of 17.47% was achieved with 5kg/ton of 
Kerosene. It can be concluded that the HIP W/O 
emulsion binder enhances the hydrophobicity 
of carbon material from the weathered coal 
at a faster rate compared to Kerosene before 
the degradation of the emulsion. Based on the 
outcome of this test, discard coal 2 and 3 were 
only subjected to HIP W/O emulsion at 5kg/ton.

Table 2:  Ash content and calorific value of the floated clean coal products from all binders

Figure 8:  Impact of Kerosene (A) and HIP W/O emulsion (B) on the yield and ash content of the feed coal 
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Impact of 5kg/ton of the emulsion binder on 
a clean coal product ash and calorific value of 
discard coal 2 and 3

Given the ability of the emulsion binder to 
produce a clean coal product with the lowest 
ash content of 11.76% at a faster rate, 5kg/
ton of the binder was used to beneficiate two 
highly weathered ultra-fine coal discards. 
Table 3 below represents the results obtained 
through two froth flotation stage cleaning. The 
feed ash of highly weathered discard coal 2 was 
reduced from ash content of 48.71% to 31.16%. 
Under the same concentration, a clean coal 
with an ash content of 17.23% was produced 
from the beneficiation of discard coal 3, with a 
feed ash of 41.71%.   

The calorific values of the floated products were 
also determined, and they were found to have 
increased by more than 5MJ/kg. The highest 
increment of 9.68MJ/kg was achieved from 
beneficiating the highly weathered discard 
coal 2 as shown in Table 3. The heating value 
of discard coal 2 increased from 8.48MJ/kg 
to 18.16MJ/kg, which falls within D III grade 
coal according to the South African Standard 
Classification of Coals. This product meets the 
specification required of some of the Eskom 
power plants, like Lethabo power station, and 
can also be used as a cofired fuel with biomass.

Figure 9:  Impact of Kerosene (A) and HIP W/O emulsion (B) on the yield and ash content of the feed coal 
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CONCLUSIONS

In this study, an increase in HIP W/O emulsion 
and Kerosene doses was found to reduce the 
calorific value of the clean coal product. A 
0.25kg/ton of the organic liquid within 5kg/ton 
of HIP W/O emulsion binder produced a clean 
coal product with 11.76% ash content and 
28.61MJ/kg calorific value. The abundance of 
oxygenated functional groups (COOH, C=O and 
OH) within discard coal 2 was found to enhance 
the bonding of the emulsion binder and the 
coal ultra-fines. 

Consequently, a high calorific value increment 
(9.68MJ/kg) was achieved whereby the feed 
calorific value of 8.48MJ/kg was upgraded 
to 18.16MJ/kg. From the optimisation study 
currently being conducted on coal 1, the 
best optimum parameters will be utilised 
in beneficiating discard coal 2 and 3, using 
Kerosene and HIP W/O emulsion binder. With 
this test, the ability of Kerosene to beneficiate 
highly weathered coal will also be evaluated. 

Table 3:  The clean coal product ash and calorific value of coal discards

Figure 10:  Effect of Kerosene (A) and HIP W/O (B) dosages on the yield and 
ash content of the feed coal concentrates 
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Fine Coal Dry Beneficiation Pilot Plant
LR MORGAN, Q CAMPBELL AND M LE ROUX

For the past few years the North-West University 
(NWU) has been conducting research in the 
dry beneficiation of fine coal, with the focus on 
-6mm coal from different parts of South Africa. 
Dry beneficiation is becoming more important 
and with this several new technological advances 
have been made in this field. The NWU is currently 
developing a dry beneficiation pilot plant for 
fine coal by adapting a well-known agricultural 
separation method known as winnowing. The 
method of winnowing has been thoroughly 
studied, and the results obtained from a study 
completed in 2019 proved that this method can 
be used to beneficiate -6mm coal. 

At the end of 2019, the design of an air based 
dry beneficiation pilot plant started, following 
the design concept as seen in Figure 1.

The pilot plant consists of two sections, the 
first of which is a size separation section (the 
nozzles at the top in Figure 1) which will sort 
particles into very narrow size classes. The 
second section is a density separation section 
that will be used to obtain the desired products 
from each of the different size classes. 
Unlike the original winnowing method that 
uses a blower to separate particles, this pilot 
plant is designed to work with suction instead. 
The reason for the conversion is to aid with 
the dust control as well as to help stabilise the 
airflow within the plant. The design for the pilot 
plant was completed at the end of 2020 and the 
first prototypes have since been constructed 
and are currently being tested.

Figure 1: Concept for dry beneficiation pilot plant Figure 2: Size separation nozzle 
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The first prototype is for the size separation 
nozzle (shown in Figure 2) and although it will 
mainly be used for size separation, it is also 
capable of separating particles by density.

The nozzle is designed to pick up specific 
particles based on the force provided by a 
suction fan. At a certain airflow velocity, a 
desired size range of particles will be lifted up 
and transported to the container, while particles 
outside of this range will not be lifted.

The second prototype is the density separation 
chamber as shown is Figure 3, which was the 
initial inspiration for the project. This chamber 
will be the final separation step and is capable 
of producing multiple products according to 
the user specification. The bottom section 
of this chamber is divided into 15 smaller 
(bins), each one catching the particles as they 
are separated. Depending on the desired 
specification several of the bins can either be 
combined to form one product or each bin can 
be used as an individual product.

These two prototypes are being used to 
generate as much data as possible and the 
results obtained from the experiments will 
help to optimise the design even further. Once 
the design has been finalised and validated 
the construction of the full-size pilot plant will 
commence. The construction of the pilot plant is 
expected to start at the end of 2021 and testing 
of the plant is scheduled to start early in 2022.

Figure 3: Density separation chamber

Separation NozzleWinnowing Chamber
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Air-assisted Dry Screening of Fine Coal
G J W DREYER, M LE ROUX, Q P CAMPBELL

SUMMARY

The recent development of dry beneficiation 
technologies were motivated by the shortage 
of water, not only in SA, but also in many other 
coal producing countries worldwide. The low 
capital and operating costs associated with dry 
coal beneficiation is an additional benefit to be 
added to saving water. One drawback of dry coal 
beneficiation is the lower achievable efficiencies 
in relation to wet beneficiation. Therefore it is 
important to maximise the cleaning efficiency of 
the various dry processes. One way of improving 
these techniques is finding an efficient dry 
screening method that will enable a plant to 
limit the particle size range sent to the dry 
beneficiation processes, enabling these units to 
operate on more focused size ranges.

Most of the current problems experienced with 
dry screening are caused by excess surface 
moisture on the coal particles which causes 
particle agglomeration leading to ineffective 
screening. The addition of an airflow system to 
a standard linear dry screen could improve its 
efficiency by evaporating surface moisture and 
allowing fine agglomerated particles to separate 
from the parent particle. 

To test this theory, a two panel linear screens were 
equipped with an air blow system at the bottom 
of the screen and a dust collection system at the 
top. Feed coal was screened to predetermined 
sizes (depedening on the different apertures of 
the screen panels in use), submerged in water and 
then dried in a controlled manner to obtain a high, 
standard and low surface moisture range. The 
prepared coal was fed to the modified screen and 
subjected to various airflow rates. The efficiency of 
the process was determined through particle size 
analysis of the feed, oversize and undersize. The 
moisture content of each stream was measured.

The two panel linear screen had to be modified 
to obtain the necessary data. The screen mounts 
also had to be replaced due to excessive wear. The 
new mounts and the added dust control cover 
can be seen in Figure 1. The airflow system was 
added to the screen (Figure 2).

Figure 1: Screen mounts and dust control cover

Figure 2: Top view of airflow system
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The fine coal with size range - 6.7mm + 0.5mm was screened with aperture sizes of 5.6mm and 2.8mm 
over bed depths, moisture contents and air-flow rates. The experimental matrix is shown in Table 1.

RUNS FEED MOISTURE CONTENT (%WT.)

APERTURE SIZES )MM) BED DEPTH MM AIR FLOW (L/MIN) INHERANT 5% 10%

5.6 1 0 Run 1 Run 10 Run 19

5.6 2 0 Run 2 Run 11 Run 20

5.6 3 0 Run 3 Run 12 Run 21

5.6 1 200 Run 4 Run 13 Run 22

5.6 2 200 Run 5 Run 14 Run 23

5.6 3 200 Run 6 Run 15 Run 24

5.6 1 360 Run 7 Run 16 Run 25

5.6 2 360 Run 8 Run 17 Run 26

5.6 3 360 Run 9 Run 18 Run 27

2.8 1 0 Run 28 Run 37 Run 46

2.8 2 0 Run 29 Run 38 Run 47

2.8 3 0 Run 30 Run 39 Run 48

2.8 1 200 Run 31 Run 40 Run 49

2.8 2 200 Run 32 Run 41 Run 50

2.8 3 200 Run 33 Run 42 Run 51

2.8 1 360 Run 34 Run 43 Run 52

2.8 2 360 Run 35 Run 44 Run 53

2.8 3 360 Run 36 Run 45 Run 54

Table 1: Experimental Matrix
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The results obtained is presented in histogram 
type graphs as shown in Figure 3. The results 
obtained showed that the use of air from the 
atmosphere proved inadequate to dry the fine 
coal. This was especially visible on rainy days 
where the humidity was high. 

This resulted in a large reduction in undersize 
efficiency as the moisture content of the fine 
coal increased. The relative humidity proved 
to have the largest impact. This was consistent 
with literature and previous studies at the NWU.

Figure 3: Example of undersize efficiency

The undersize efficiency for each particle size 
range used in the particle size distribution 
analyses was also calculated and a partition 
curve plotted. This is shown in Figures 4-6. 
These specific graphs were chosen to show the 
influence of moisture on the dry screening of 
fine coal. From the graphs it is clear that the 
moisture causes fines to be carried over to the 
oversize, due to the agglomeration of finer 

particles to larger particles. Figure 7 shows 
that the addition of airflow did not have any 
quantifiable influence on the efficiency. Figure 
6 and Figure 7 can be directly compared as the 
only difference in parameters is the addition of 
airflow. Figure 8 shows the collected oversize 
that contains plenty of small coal particles that 
have agglomerated during the screening of fine 
coal with a 10 weight % surface moisture.
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Figure 4: Partition curve for inherent moisture content

Figure 5: Partition curve for 5% surface moisture
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Figure 6: Partition curve for 10% moisture content

Figure 7: Partition curve with the addition of air-flow
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Other methods were then considered to reduce 
the surface moisture of the fine coal. Based on 
previous studies at the NWU it is known that 
ceramic adsorbents are effective in reducing the 
surface moisture of coal and requires very little 
contact time to do so. The ceramics can also be 
regenerated making it an attractive option. 5mm 
ceramics were then used to add to the coal feed 
and then screened along with the coal after 30sec 
of contact time. The feed had to be adapted to 
ease the separation of the coal and the ceramics 
after the screening. The new feed consisted of 
-4mm + 0.5mm particles. This made it possible to 
remove the ceramics by sieving at 4mm. 

The results of under size efficiencies were again 
plotted on partition curves shown in Figure 9 
to Figure 10. By comparing Figure 9 to Figure 
10 it is clear that there was an improvement in 
the undersize efficiency for all undersize particle 
size ranges. The overall undersize efficiency 
increased from 29.8±12.1% to 87.1±1.7% after 
the addition of the ceramics. 

The experiments will also be completed for the 
10 weight % surface moisture fine coal as well as 
for smaller mass ratios of the ceramics to coal. It 
is important to use as little ceramics as possible 
as they reduce the capacity of the screen by 
increasing the total mass.

Figure 8: Image of coal oversize after dry screening at 10 weight % surface moisture
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Figure 9: Partition curve for new feed with 5% moisture content

Figure 10: Partition curve for 5% moisture content with 1:1 mass ratio of ceramics
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INTRODUCTION

Coaltech has been investigating dry processing 
of coal since 2009 and completed investigations 
into the use of the FGX as well as dual-energy 
X-ray sorting as methods to beneficiate dry coal. 
Coaltech learned about a new dry processing 
method called the ‘Sepair’ at a conference 
in New Delhi, India in November 2017. The 
Sepair process was originally developed by a 
Russian company, Gormashexport, for use in 
the diamond industry in Russia and proved to 
also be an effective dry process option for coal. 
A view of a Sepair plant in operation in Russia is 
shown in Figure 1.

Coaltech contacted Gormashexport to obtain 
more information on the Sepair process and 
the Russian company indicated that they were 
prepared to provide a pilot unit for testing in 
South Africa. 

Figure 1: Sepair dry coal processing plant 

The Coal Processing Sub-committee agreed 
that before bringing a test plant to South Africa, 
further test results obtained with the Sepair 
process in Russia should be made available for 
evaluation. The committee also recommended 
that two representatives from the committee 
should visit Russia to obtain first-hand 
information on the Sepair process. 

MINE / AREA SIZE RANGE OF 
RAW COAL (MM) % OF FEED RAW COAL 

ASH %
CLEAN COAL 

ASH
DISCARD COAL 

ASH YIELD %

SAKHALIN GORNIAK-1 25 - 50 24.1 42.8 29.5 82.7 75.0

13 - 25 24.3 45.0 38.2 66.5 76.1

5 - 13 20.2 47.1 39.1 68.9 73.2

2 - 5 14.3 49.1 39.2 69.9 67.9

KAZAKHSTAN 25 - 50 38.5 29.9 5.2 91.8 71.4

13 - 25 24.3 25.2 6.4 91.9 78.1

6 - 13 17.2 25.6 7.4 80.4 75.1

3 - 5 8.1 23.3 11.1 87.5 84.0

KUZBASS 25 - 50 36.6 19.7 8.1 85.6 85.0

10 - 25 19.1 19.4 13.3 77.5 90.4

4 - 10 9.1 17.8 13.9 63.5 92.2

1 - 4 5.8 14.7 10.6 50.2 89.7

YAKUTIA 25 - 50 10.6 39.0 18.5 70.3 60.4

10 - 25 43.3 17.4 13.7 55.0 91.0

SIBIRIA 25 - 50 10.8 9.8 3.7 44.8 85.2

10 - 25 15.5 7.9 5.3 33.9 91.0

4 - 10 16.9 6.5 5.2 23.1 92.9

1 - 4 19.4 5.5 5.0 23.8 97.4

Table 1: Summary of Sepair test results on Russian coal

Evaluation of Sepair Dry Coal Beneficiation Process
J DE KORTE
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PARAMETER 50 X 25MM 25 X 13MM 13 X 6MM 6 X 3MM 3 X 1MM

FEED % ASH 14.5 13.7 13.1 15.3 19.0

PRODUCT % ASH 8.2 7.0 7.7 11.7 14.8

DISCARD % ASH 69.6 52.9 50.6 63.2 51.0

PRODUCT YIELD % 89.68 85.38 87.3 93.04 88.47

D50 (CUT-POINT DENSITY) 1.864 1.776 1.924 1.903 -

EPM 0.1255 0.1727 0.1005 - -

ORGANIC EFFICIENCY % 97.8 93.6 94.0 98.0 -

SINK IN FLOAT 2.41 1.82 1.83 6.31 -

FLOAT IN SINK 2.28 6.22 5.95 1.49 -

TOTAL MISPLACED 4.69 8.04 7.78 7.80 -

NEAR DENSE MATERIAL 3.5 - - - -

Table 2: Summary of results of Sepair efficiency test carried out in Russia

Additional data and information was requested 
from Gormashexport and the results obtained 
with the Sepair on Russian coals were received 
during April 2018. The results show that the 
Sepair is able to affect a significant upgrade in the 
quality of raw coal. A summary of the test results 
obtained on Russian coals is given in Table 1. 

It was of particular importance to note the results 
received that the finer sizes of coal (down to 3 
x 1mm) can also be upgraded with the process. 
These results motivated the decision by Coaltech 
to further investigate the potential of the Sepair 
process and also the possibility of conducting test 
work on South African coal is to fully assess the 
viability of using the process locally.

Coaltech wanted to also obtain separation 
efficiency and washability data from Russia. The 
possibility of getting an efficiency test carried out 
on a Sepair plant in Russia was discussed with 
Gormashexport. They agreed to undertake an 
efficiency test on behalf of Coaltech and the test 
was conducted during June 2018. 

For the purpose of the efficiency evaluation, 
samples of the feed, product and discard were 
taken from a Sepair plant in operation in Russia 
and sent to SGS Vostok Limited for float-and-
sink analysis. The coal processed during the test 
originated from Shubarkul mine. The results 
obtained were reported in a Coaltech report 
entitled Sepair dry coal separator: Efficiency 
determination carried out in Russia (July 2018). 

A summary of the results of the efficiency 
test is presented in Table 2. The results of the 
test were very encouraging, indicating good 
separation efficiencies even for the small sized 
coal. Therefore, Coaltech decided to further 
investigate and sent two Coaltech members, 
Jan Voges and Jacob Nxele, on a visit to 
Russia during September 2018. They met with 
Gormashexport and witnessed the operation 
of a Sepair pilot unit at the Gormashexport 
head office at Novosbirsk. Upon returning to 
South Africa, they recommended that the Sepair 
process be evaluated locally on a pilot scale to 
obtain first-hand information about the process 
when applied to South African coal.

A draft agreement between Coaltech and 
Gormashexport was drawn up and sent to Spoor 
and Fisher for evaluation during November 
2018. The purchase of a pilot Sepair plant 
from Gormashexport was approved by the 
Coaltech Board during January 2019. The final 
draft of an agreement between Coaltech and 
Gormashexport was sent to Gormashexport 
during February 2019 and finalised during April 
2019. By this time the pilot plant had already 
been constructed and tested in Russia and was 
awaiting shipment to Durban. 

Shipping of the plant to SA was delayed as a 
result of customs issues before payment could 
be made to Gormasgexport. The pilot plant was 
shipped from Russia to Durban in August 2019 
arriving at the end of September 2019. 
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It was then transported by road to Dorstfontein 
mine. Kwena Mining Projects Ltd (Kwena) was 
appointed to undertake the task of assembling 
the plant at the mine and to facilitate the 
supply of conveyors to feed and remove the 
product and discard from the plant. 
Some modifications to the plant were required 
to meet the safety standards at Dorstfontein 
mine and the Sepair plant was finally 
commissioned from 20 - 24 January 2020. 

The director of Gormashexport, Andrey 
Stepanenko, and his son, Artem, were on site to 
oversee commissioning of the plant. A Russian 
translator, Tanya Fedotova, was also on site to 
assist with communication. Gormashexport 
trained personnel from Kwena to operate the 
pilot plant and Kwena personnel subsequently 
operated the plant during all further test work. 

Initial tests were run during the commissioning 
week to establish the influence of the main plant 
settings. These tests were followed by a series of 
tests during February and March 2020. Further 
tests were planned but could not proceed due 
to the Covid-19 pandemic. Test work resumed in 
December 2020 with a test on raw coal from an 
Exxaro mine in Mpumalanga. 

DESCRIPTION OF THE SEPAIR PROCESS

The Sepair uses pneumatic suction to draw lighter 
(and smaller) coal particles (product) upwards from 
a steel mesh conveyor belt leaving the heavier and 
larger stone particles (reject) on the conveyor. The 
suction is provided by a fan and the suction power 
can be adjusted by changing the fan speed. The 
speed of the mesh conveyor can also be adjusted 
to speed up the removal of the reject particles to 
ensure there is no build-up of reject material on 
the conveyor. The vacuum is applied via a ‘suction 
nozzle’. The clearance between the nozzle and 
the woven steel conveyor is adjustable to allow 
for coarse particles to pass unhindered below the 
nozzle.

A schematic diagram of the Sepair unit is shown in 
Figure 2.

Raw coal is fed via a conveyor belt (not shown in 
Figure 2) to a vibrating feeder (1). The feeder feeds 
the coal as a single particle layer (in the case of sized 
coal) onto the woven mesh conveyor (2). 

Fine coal (smaller than about 2mm) in the feed 
is removed by falling through the woven mesh 
conveyor via a chute (5). The product coal (lighter 
material) is drawn upwards by the vacuum and 
transported to a primary pneumatic cyclone 
equipped with an air-lock valve. 

The coal is discharged via the valve (3) onto a 
product conveyor. Dust and fine coal reports to a 
secondary pneumatic cyclone, also equipped with 
an air-lock valve, and discharged (4) either into a 
container or onto a conveyor. Air exits the system 
via the secondary cyclone vortex finder (6) and if 
necessary, a bag filter can be installed to capture 
any dust in the air discharged. The stone remaining 
on the woven mesh conveyor after the product has 
been drawn up via the suction nozzle is discharged 
onto a discard conveyor.

The feed rate of coal to the Sepair needs to be 
controlled so that the unit can remove all the coal 
in the feed (via the suction nozzle) and remove 
all the stone in the feed (via the conveyor). The 
feed rate will depend on the particle size range 
of the coal fed to the Sepair as well as the specific 
settings of the fan and woven steel conveyor. 

The plant should ideally be fed coal with a narrow 
(2:1) size range of coal. When processing coal 
with a size range of 50 x 25mm the pilot plant 
has a capacity of about 40 tons per hour. When 
processing finer coal or coal with a wider size 
range the capacity will be lower. A photograph 
of the pilot Sepair plant is shown in Figure 3 and 
a view of the nozzle and woven conveyor belt is 
shown in Figure 4.

Figure 2: Sepair unit
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Figure 3: Sepair pilot plant at Dorstfontein

Figure 4: Suction nozzle and woven mesh conveyor
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SEPAIR TESTS CARRIED OUT TO DATE

During 2020 a number of tests were conducted 
on the Sepair unit at Dorstfontein:

• Tests on Dorstfontein 25 x 10mm raw coal 
 (No. 4 Seam).
• Efficiency tests conducted by Glencore  
 on Number 1 Seam coal (50 x 25mm and 
 25 x 10mm).
• Tests on Dorstfontein No. 5 Seam coal  
 (50 x 10mm).
• Tests on Dorstfontein plant discard coal 
 (25 x 10mm).
• Tests on Dorstfontein discard coal  
 (50 x 25mm).
• Tests conducted by Exxaro on 
 Dorstfontein No. 4 Seam coal 
 (18 and 24 March 2021).
• Efficiency tests conducted by Coaltech 
 on Dorstfontein No. 4 Seam coal (18 and 
 24 March 2021).
• Tests on raw coal from an Exxaro mine 
 in Mpumalanga (December 2020).

DISCUSSION OF RESULTS OBTAINED

The results obtained show the following trends: 

• Processing of coal at high fan speed 
 settings is equivalent to a destoning 
 operation resulting in a high product 
 yield, but only a small reduction in 
 ash content.
• At lower fan speed settings, lower 
 product ash values are obtained and as 
 may be expected, lower yields.
• The separation is more effective on the 
 larger coal particle size ranges.
• Good beneficiation results were 
 obtained on coal from the No.1, 
 No.4 and No.5 Seams.
• Effective reduction in total Sulphur 
 content of the coal in the tests conducted 
 on Exxaro coal during December 2020.
• Processing of wet fine coal proved to 
 be ineffective.

CONCLUSIONS

Experience with the operation of the Sepair to 
date has proven that the unit has the potential 
to beneficiate South African raw coals. Some of 
the advantages of the Sepair process are:

• The Sepair is simple in design and easy 
 to operate.
• The unit reaches stable operation within 
 minutes.
• It can be easily adjusted to provide 
 separation of coal over a wide range of 
 conditions.
• The separation (cut-density) can be 
 varied by simply changing the fan speed.
• Low-yielding coals can be accommodated 
 by speeding up the woven mesh 
 conveyor to increase the rate of
 removal of the reject material.
• The Sepair can cut at somewhat lower 
 relative densities than other dry 
 processing equipment.
• The EPM values obtained from the Sepair 
 during the tests conducted are lower than 
 that of other dry processing equipment 
 at an average of approximately 0.1150 for 
 a cut-point density of 1.80.
• The moisture content of coarse coal (plus 
 10mm) fed to the unit does not seem to 
 affect the separation.
• The capacity of the Sepair depends on 
 the size range and type of coal processed 
 as well as the settings of the fan speed 
 and the woven conveyor speed. On sized 
 coal, the capacity of the pilot unit, stated 
 by the supplier, was proven to be 
 achievable.

The Sepair, however, also has limitations and the 
following issue remain unsolved:

• The processing of fine coal (-10mm) 
 is only possible when the coal is 
 completely dry. It is unlikely that the finer 
 coal in plant feed will ever be totally dry 
 and it should therefore be accepted that 
 the Sepair will not be able to effectively 
 upgrade fine coal under normal 
 operational conditions.
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ASH CONTENT % CV (MJ/KG)

TEST # FEED PRODUCT DISCARD FEED PRODUCT DISCARD YIELD % ASH 
UPGRADE

CV
UPGRADE

C1 39.4 25.0 59.0 17.56 22.94 6.25 57.50 14.40 5.38

C2 40.6 27.6 50.4 17.07 21.42 13.04 42.90 13.00 4.35

C3 39.7 25.1 50.0 17.44 22.81 12.78 41.50 14.60 5.38

C4 39.1 26.2 58.0 17.68 22.12 9.80 59.30 12.90 4.44

C5 40.5 26.1 56.5 17.11 21.20 9.93 52.70 14.40 4.08

C6 39.4 29.1 57.0 17.56 20.02 10.20 63.00 10.30 2.46

C7 39.7 26.7 52.0 17.44 22.05 11.97 48.70 13.00 4.61

C8 39.6 29.5 51.1 17.48 21.03 12.46 53.40 10.20 3.55

C9 40.5 30.6 49.5 17.11 21.40 12.89 47.50 9.90 4.29

AVG 39.8 27.3 53.7 17.38 21.66 11.04 51.8 12.5 4.28

Table 4: Results of tests conducted on 50 x 25mm, No.4 Seam coal, 18 March 2020

SETTING (HZ) SETTING (HZ)

TEST 
# DATE COAL SIZE TPH FAN CONV. FEED PROD-

UCT DISCARD YIELD %
% ASH

UP-
GRADE

1 12 Feb 2020 5 Seam 50x10 25 70 30 45.5 43.4 56.8 84.3 2.1

2 12 Feb 2020 5 Seam 50x10 25 66 30 45.9 36.1 53.3 43.0 9.8

3 12 Feb 2020 5 Seam 50x10 25 63 30 46.3 36.4 53.3 41.4 9.9

4 12 Feb 2020 5 Seam 50x10 25 60 30 45.0 34.7 52.9 43.4 10.3

5 12 Feb 2020 5 Seam 50x10 25 57 30 45.4 36.8 50.3 36.3 8.6

6 12 Feb 2020 5 Seam 50x10 25 55 30 47.8 27.7 53.7 22.7 20.1

7 13 Feb 2020 5 Seam 50x10 25 53 30 42.1 26.5 59.7 53.0 15.6

8 13 Feb 2020 5 Seam 50x10 25 51 30 48.7 21.5 53.6 15.3 27.2

9 13 Feb 2020 5 Seam 50x10 25 49 30 43.6 30.5 44.4 5.8 13.1

Table 3: Tests on No. 5 Seam coal

RESULTS

Some of the results obtained from tests conducted on the Sepair pilot plant at Dorstfontein as well 
as some of the partition curves obtained from the tests are shown in Table 3 - 7:
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TEST # FEED 
% ASH

PRODUCT
% ASH

DISCARD
% ASH

PRODUCT 
YIELD %

D50 (CUT-
POINT 

DENSITY)
EPM

ORGANIC 
EFFICIENCY 

%

NEAR 
DENSE 

MATERIAL

C1 39.4 25.0 59.0 57.5 1.740 0.1342 84.9 7.6

C2 40.6 27.6 50.4 42.9 1.657 0.1088 65.1 16.1

C3 39.7 25.1 50.0 41.5 1.674 0.859 71.0 10.0

C4 39.1 26.2 58.0 59.3 1.776 0.1376 85.1 7.6

C5 40.5 26.1 56.5 52.7 1.726 0.0982 81.1 8.5

C6 39.4 29.1 57.0 63.0 1.709 0.2426 82.0 7.9

C7 39.7 26.7 52.0 48.7 1.687 0.1364 73.8 10.7

C8 39.6 29.5 51.1 53.4 1.708 0.1227 72.6 11.1

C9 40.5 30.6 49.5 47.5 1.673 0.0847 64.0 12.0

AVG 39.8 27.3 53.7 51.8 1.705 0.1279 75.5 10.2

Table 6: Separation efficiency (50 x 25mm coal) - Coaltech efficiency tests on 18 March 2020

Table 7: Separation efficiency (25 x 10mm coal) - Coaltech efficiency tests on 24 March 2020

TEST # FEED 
% ASH

PRODUCT
% ASH

DISCARD
% ASH

PRODUCT 
YIELD %

D50 (CUT-
POINT 

DENSITY)
EPM

ORGANIC 
EFFICIENCY 

%

NEAR 
DENSE 

MATERIAL

F1 30.0 25.9 55.1 86.2 1.874 0.1199 93.4 10.2

F2 30.0 25.5 58.4 86.5 1.832 - 95.3 8.1

F3 30.0 25.8 53.2 84.9 1.846 0.1295 92 8.4

F4 30.0 25.2 56.5 84.9 1.920 - 8 11.5

F5 30.0 25.2 53.7 83.2 1.869 0.1202 94.1 9.9

F6 39.4 25.4 56.7 85.5 1.984 - 91.9 17.5

F7 30.0 25.3 57.7 85.6 1.898 - 99.0 9.1

AVG 30.0 25.5 55.9 85.3 1.889 0.1365 94.4 10.7

ASH CONTENT % CV (MJ/KG)

TEST # FEED PRODUCT DISCARD FEED PRODUCT DISCARD YIELD % ASH 
UPGRADE

CV
UPGRADE

F1 30.00 25.90 55.10 21.22 22.34 10.68 86.10 4.10 1.12

F2 30.00 25.50 58.40 21.22 22.10 9.09 86.30 4.50 0.88

F3 30.00 25.80 53.20 21.22 22.40 11.52 84.80 4.20 1.18

F4 30.00 25.20 56.50 21.22 22.68 11.21 84.80 4.80 1.46

F5 30.00 25.20 53.70 21.22 23.02 12.19 83.00 4.80 1.80

F6 30.00 25.40 56.70 21.22 21.32 11.61 85.30 4.60 0.10

F7 30.00 25.30 57.70 21.22 22.88 9.19 85.50 4.70 1.66

AVG 30.00 25.50 55.90 21.22 22.39 10.78 85.10 4.50 1.17

Table 5: Results of tests conducted on 25 x 10mm, No.4 Seam coal, 24 March 2020
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SEPAIR PARTITION CURVES

Coaltech Tests (18 March 2020) - 50 x 25m coal

Partition Curve: Sepair : Test C1 - 18 March 2020
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Partition Curve: Sepair : Test C2 - 18 March 2020
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Partition Curve: Sepair : Test C3 - 18 March 2020
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Partition Curve: Sepair : Test C4 - 18 March 2020
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Partition Curve: Sepair : Test C5 - 18 March 2020
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Partition Curve: Sepair : Test C6 - 18 March 2020

Pa
rt

it
io

n 
N

um
be

r

Partition Curve: Sepair : Test C7 - 18 March 2020
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Partition Curve: Sepair : Test C8 - 18 March 2020
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Improved Utilisation of Underground Coal Resources
J W L HANEKOM, DR J NAPIER, DR J N VAN DER MERWE, S KHAN AND B MOTSAATHEBE

BACKGROUND

The pillar design methodology developed for the 
South African coalfields, following the Coalbrook 
disaster in 1960, is based on several assumptions 
that allowed the design of stable pillars. This is 
based on an empirical analysis of experiences 
noted at that stage. This methodology, and later 
improvements through further empirical and 
statistical analyses, has served the industry well 
and are applied with great success throughout 
coal mines in South Africa.
 
However, over the last 80 years, the mining of 
coal seams has progressed substantially.  This 
has led to this design methodology limiting the 
expansion into areas considered for mining in the 
foreseenable future, such as four seam resources, 
situated above extracted two seam workings.

According to Read (2017), the inability to apply all 
the parameters that may have an impact on pillar 
behaviour when designing pillars, necessitates 
some assumptions, resulting in potentially 
overly conservative outcomes. These result in 
the (possibly) unnecessary sterilisation of mining 
reserves and reduced mining efficiencies.
 
It is suggested that it is time to consider 
alternative design methodologies, utilising 
modern design tools available to the industry, 
while considering the pillar system. This system 
includes the pillars (seam), the overburden and 
the seam floor. It follows that each of these 
should be evaluated to establish how they can 
be incorporated in a possible alternative design 
methodology. 

Ignoring floor impacts, the major role players in 
the behaviour of pillars include the overburden 
and pillars themselves. Both affect the loading 
and deformation of the pillars and thus the pre- 
and post-failure pillar behaviours. This suggests 
that if an alternative pillar loading theory can be 
proven, it would be prudent to also investigate an 
alternative strength formulation at a later stage. 

For this reason, phase 1 of this research focused 
on developing and testing a possible numerical 
modelling tool. At the same time this must be 
relatively simple (in terms of input parameters), and 
able to indicate the impact of different overburden 
material compositions on pillar loading, consider 
issues such as time-related coal pillar strength 
changes on its behaviour. 

OVERBURDEN BEHAVIOUR APPROACH

The technical approach to the overburden 
behaviour applied in this project assumes that 
for any specific overburden, coal seam and 
mining environment (depth, extraction ratio, 
material properties):
• The overburden will bend into the 
 mined-out area based on its stiffness 
 (material, thickness, span) and compress 
 the pillars.
• The pillars will respond to the 
 compression and increased strain and 
 report a stress change based on the 
 pillar’s stiffness (material): 
 o Variations in spans, depth, 
  stiffness, composition etc. of the 
  overburden should thus yield 
  different levels of bending.
 o Variations in pillar stiffness should 
  record different compression levels.
 o Both of which affects the stress 
  generated in the pillar.
• As mining progresses, spans may increase 
 or pillars may yield: 
 o Changing the behaviour of the 
  overburden, allowing increased 
  bending.
 o Continued pillar straining allows 
  the overburden to continue to 
  bend.
• The absence of any further changes will 
 provide a stable system.
• When the pillars are unable to prevent 
 overburden loading by stopping its 
 bending (closure), they will ultimately 
 experience sufficient strain to start failing,
 and so report system instability. 
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This approach suggests that pillar system 
behaviour can only be evaluated once the 
overburden behaviour is better understood or 
estimated / determined. In the absence of this, 
the maximum overburden bending (behaviour) 
will always be accepted, which is Tributary Area 
Theory (TAT).

PROJECT APPROACH

Phase 1 of this project proposed that an 
evaluation of pillar strength / behaviour and 
design criteria should only be considered once 
pillar loading can be indicated more accurately 
as a function (Figure 1 vs Figure 2) of the 
“macro-environment” overburden composition. 
Therefore, it aimed at developing a method / 
tool that would improve the understanding 
of pillar loading by investigating improved 
predictions of overburden behaviour. 

During Phase 1 the potential of a software code 
to sufficiently represent different overburden 
behaviours (as recorded in terms of pillar stress or 
pillar behaviours) was tested through sensitivity 
and calibration (case studies) studies.
 
Dr JAL Napier has developed a stress simulation 
platform to a point where several behaviours 
deemed important to this project are already 
included or could be added with some 
adaptations. Other versions of this code have been 
used in platinum pillar behaviour evaluations and 
studies into the impact of face advance rates and 
time on deep level mine closure and seismicity. 
It is a Displacement Discontinuity (DD) Boundary 
Element (BE) Code planned to be supplemented 
with the Frictionless Laminated Model (FLM) 
developed by Salamon (1991), specifically derived 
for a bedded overburden behaviour. The version 
made available as a research tool to this project is 
called Flat Layered Excavation Solution (FLEX). 

The gathering of as much coal mining 
environment data as possible, concentrating 
on rock mass properties and case studies, was 
required. This would provide appropriate model 
input parameters to allow the selection of case 
study areas that have the potential to allow 
calibration and / or support for the alternative 
approach. The completed database indicates that 
data could not be sourced in as much detail as 
hoped or required. 
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DATABASE

The data gathered for the research was entered 
into a database (or source document) that 
references research reports, publications from 
journals, periodicals, and technical conferences 
and discussions with project members. 
This is available in excel file format and could 
assist rock engineering personnel in the 
coal industry as a source of appropriate data 
as it contains information gathered from 
the different coalfields, mine layouts (pillar 
dimensions, mining method, etc.), geotechnical 
data (stratigraphy, rock test results, material 
strength parameters, etc.) as well as specific 
references to recorded overburden behaviours. 

Table 1: Example of typical information in 
database

RESEARCH SOFTWARE APPLIED

The FLEX was supplemented with the FLM, to 
cater specifically for overburden behaviour 
investigations during Phase 1. This is a special-
purpose experimental computer program that 
calculates displacement and stress distributions 
around horizontal layouts (either infinite depth 
or finite depth assumptions). 

This code was not developed as an industry tool, 
but merely a research tool to assist with the testing 
for improved understanding and estimation of 
overburden behaviours and pillar loading.   

NUMERIC MODELLING

Sensitivity Study

During the sensitivity / trialling period 
of the FLEX code, a total of 532 models 
were constructed and executed to ensure 
understanding of the code behaviour and to 
prove model stability and indicate its limitations.

Table 2: Example of sensitivity study models

Sensitivity study results included those, where 
the impact of extraction ratio and overburden 
lamination thickness was trialled. The absence 
of layers in the overburden shows a more 
pronounced impact on pillar stress levels when 
extraction ratios are high (Figure 1 vs Figure 2).

It may suggest that in pillar extraction methods, 
where extraction ratios are high, the absence of 
laminations may cause lower pillar stress levels 
than anticipated, explaining why very small 
pillars still remained stable.

GENERAL Date of occurrence / report

LOCATION / MINE / 
LAYOUT

Coalfield and name of 
mine

FAILED CASES Instrumentation (type, 
position of installation, 
readings, reports)

STABLE CASES Instrumentation (type, 
position of installation, 
readings, reports)

NUMERICAL 
MODELLING

HR properties (Density, E, 
v, UCS, Hoek-Brown (s,m,a), 
Mohr-Coulomb (ø, Co)

01 1 Compare Flex results with Lamodel and 
other software packages as recorded in 
SIMRAC report COL709.

03 15 Sensitivity of FLEX to OB stiffness and 
lamination thickness

07 35 Sensitivity of FLEX to extraction ratio 
and lamination thickness

12 80 Sensitivity of FLEX to middling thick-
ness in multi-seam conditions

17 40 Sensitivity of FLEX to element size un-
der single seam conditions

NAME / NUMBER OF MODELS / AIM OR OUTPUT
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CALIBRATION

It is only possible to calibrate a numerical model when sufficient detailed information on the specific 
case study is available. The database showed that this type of information is scarce in the coal mining 
industry and forced the selection of two case studies, where at least some data was available.

Figure 1: Ratio of Average Pillar Stress to TAT for a low extraction ratio

Figure 2 & Figure 3: Ratio of Average Pillar Stress to TAT for a high extraction ratio 
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Case Study 1: Wilmanrust shaft, 
Koornfontein mine

According to the COL709 project report by 
Roberts et al. (2002), this case study at the 
Wilmansrust shaft on Koornfontein mine 
consisted of a bord and pillar layout in a primary 
development section (Figure 4). Two pillars were 
successfully instrumented to measure stress and 
strain while the mining continued.

Roberts noted that geological logs from 
boreholes close to the final selected case study 
site indicated that there were no dolerite sills 
overlying the site. It is on the No. 2 Seam at a 
depth of 105m and that the roof consists of a 
laminated, carbonaceous shale with layers of 
mudstoe, shale, sandstone and coal.

Figure 4: Case study 1: Wilmansrust shaft, 
Koornfontein mine
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FLEX average pillar stress results obtained by 
following the same mining sequence as applied 
in COL709 indicated that:

• The application of different lamination 
 thickness (2m, 5m, 10m, 20m, 50m)  in 
 the overburden has a substantial impact 
 on the stress changes reported.
• A lamination thickness of 5m correlates 
 the best with the actual measured stress 
 changes.
• All thicker lamination options over-
 estimated the stress changes induced in 
 the pillars.

The results indicate that thinner overburden 
laminations, as included in the FLEX models, 
provide a more accurate representation of 
the stress changes as measured through 
instrumentation.  

The results appear to be more significant when 
it is recalled that the roof at this case study 
was described as “a laminated, carbonaceous 
shale with layers of mudstone, shale, 
sandstone and coal”, i.e. thinly laminated.

Case Study 2: Emaswati colliery, Swaziland

A thesis completed by C Anderson in 1999 at the 
University of New South Wales, School of Mining 
Engineering, towards the Master of Engineering 
degree, and titled The development of formulae 
for the estimation of coal pillar strength in 
Australian Coal Mines, provided the data for this 
calibration. The thesis mentioned a case study 
conducted by Oldroyd and Buddery in 1988 at 
the Emaswati colliery in Swaziland. 

Anderson summarised critical data on the site, 
providing the precise layout and dimensions, 
indicating that the depth below surface is 73m, 
and noted that the roof consisted of 13m of 
coarse-grained sandstone.

Over a number of years, observations and 
measurements at the site indicated ongoing 
strata movement and progressive pillar 
deterioration, with eight of the 85 pillars in the 
panel finally classified as having failed.

While Anderson noted that pillar failure was 
expected to be in an uncontrolled manner, this 
did not occur.  He concluded that while this case 
“may be unusual, it does illustrate the need to 
consider that pillar failure mode is a function of 
roof stiffness and pillar deformation stiffness”.

Figure 5: FLEX results for Pillar 1 at Wilmansrust shaft, Koornfontein mine
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Anderson failed to provide detail on the 
expected and actual behaviour, but concluded 
that he considered the stiff sandstone beam in 
the roof to have played a significant role in the 
actual behaviour. 

The logic suggested by his findings could 
indicate that “ if a smaller dimension pillar fails 
due to its sub-standard strength (dimension 
driven) and stress transfer occurs to surrounding 
larger pillars, the failure process could possibly 
be slowed down or even terminated, if the 
overburden is sufficiently stiff”.

Calibration with FLEX attempted to emulate 
the observed pillar behaviours as noted by 
Anderson, where only eight of the pillars in the 
area considered were classified as having failed. 
The modelled layout attempted to reflect the 
estimated as-built layout shown on the plans, as 
provided in the original case study.

FAILED PILLARS INDICATED IN RED

5m lamination thickness in the overburden

10m lamination thickness in the overburden

25m lamination thickness in the overburden

50m lamination thickness in the overburden

The following observations are noteworthy:
• Thinner lamination models concentrate 
 failure on the small dimension pillars, 
 suggesting that TAT could be relevant 
 when laminations are very thin. The 
 results indicate higher pillar stress levels 
 on these smaller pillars, even though solid 
 abutments are present close to the pillars.
• Once lamination thickness becomes 
 substantial, i.e. 25m and 50m, larger 
 pillars situated towards the centre of the 
 panel but between or close to smaller 
 dimension pillars also start to be at risk for 
 failure. At the same time, the smaller 
 pillars close to solid abutments, are 
 indicated as stable. This is only possible 
 if the thicker laminations reduce pillar 
 loading close to large abutments, and 
 transfer stress to larger pillars that are 
 situated between smaller pillars, i.e. some 
 form “bridging”. 
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This is especially interesting when it is 
considered that the Emaswati colliery reported 
a 13m thick, coarse sandstone layer in the 
immediate seam roof. 

Although this calibration is not at all viewed as 
conclusive, it is advantageous to be able to alter 
the behaviour of the overburden composition to 
closer correlate with actual pillar behaviours.

Additional findings at this site include the 
importance of accurate layout information (pillar 
and bord dimensions), which accentuates the 
need for detailed site data to be gathered if any 
future calibration is to be considered. 

CONCLUSIONS

Phase 1 of this project proposed, compiled 
and tested a code that promised to provide 
an estimation of pillar loading that could 
be argued to be more “accurate” than TAT 
and / or Elastic Numerical Models in that it 
can incorporate the “macro-environment” 
overburden composition using the FLM.

The gathering of data on the coal mining 
environment, rock mass properties and case 
studies were required not only to provide 
model input parameters, but also to allow the 
selection of case study areas that have the 
potential to allow calibration and / or support 
for the alternative design approach taken. 

During Phase 1, the potential of the relatively 
simplistic FLEX (FLM, LEM, BE code) software 
code to sufficiently represent different 
overburden behaviours (as recorded in terms 
of pillar stress or pillar behaviours) was tested 
through sensitivity and calibration (case 
studies) studies. 

Calibration attempts were limited to two case 
studies due to limited available data on suitable 
cases within the database. The final selection 
yielded studies at (1) Koornfontein Mine and 
(2) Emaswati Colliery (Swaziland) that provides 
some data to allow calibration attempts.
  

Even though the code was shown to be stable 
with the FLM methodology included (under 
substantially different conditions), it is the 
calibration attempts that are the real indicators 
of the value of a code such as FLEX.

The calibration attempts indicated the value of 
a code that can represent a very layered, soft 
material roof as at the Wilmansrust shaft or a 
thick, competent roof, as at Emaswati colliery. 

FUTURE WORK

The impact of the different overburden 
behaviours on pillar loading was shown during 
the sensitivity study to be present but limited. 
The calibration attempts indicated that FLEX 
could be used successfully to recreate actual site 
overburden and pillar behaviours, although only 
in a qualitative manner. 

To increase the confidence in the ability of the 
code, actual site response calibrations are critical. 

This was, due to the lack of currently available 
data (as shown during creation of the database), 
not possible during Phase 1. It may be required 
for next phases that project sites would have to 
be selected, instrumented and mined to provide 
sufficient data to allow reliable calibrations to be 
executed.

At the same time, the FLM method (as applied in 
FLEX) is reported as a substantial simplification 
of the actual overburden behavioural 
mechanism, with its own set of limitations. 

Continued use of FLEX is at this stage not 
suggested until the research team is clear on 
whether FLEX in its current form is adequate and 
what changes are deemed essential to be able to 
move forward. 

At the same time, the results to date and the 
additional abilities of FLEX to for instance, model 
time-related rock mass behaviours, provides 
substantial promise.
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Determine the Integrity of Respirable 
Dust Sample Processes
L CRONJE, R M FOURIE AND A P COOK

There is general industry uncertainty in the 
reliability and integrity of respirable dust 
concentration results, with irregularities in 
sampling, procedures, controls, handling, 
transport and reporting. Dust sampling 
procedures for personnel rely on individual 
activities and individuals adhering to the 
sampling procedures for collecting, wearing, and 
returning the sampling pumps. This means there 
is potential in the procedures for the processes 
to be incorrectly applied.

It was proposed that identified persons wearing 
dust pumps be ‘shadowed’ for their working 
shift, and the procedures, mining operations 
and general environmental conditions be 
observed and recorded to determine reliability 
of the samples.

The project identified that one third of all 
respirable dust samples, both continuous miners 
(CM) and personal samples, have been shown 
to be unreliable. This means that only two out of 
every three samples can be considered as reliable.

Only 64% of personal dust sample results could 
be considered ‘reliable’, i.e. had been issued, 
worn and returned to acceptable or mine 
standards. This leaves 36 % of personal samples 
as ‘unreliable’.

Only 67% of CM dust sample results could 
be considered ‘reliable’, i.e. had been issued, 
placed and returned to acceptable or mine 
standards. This leaves 33% of personal samples 
as ‘unreliable’.

Figure 1: Dust room at Thubelisha
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As this survey was conducted at a colliery with a 
dedicated dust room, it is suspected that where 
the dust pump handling is not so well organised, 
that the reliability of samples will be even lower. 
The Thubelisha dust room is shown in Figure 1.

This follows an extensive programme of 
‘shadowing’ and monitoring for CM and personal 
samples in production sections at Thubelisha 
colliery, over a three month period.

The range occupations monitored for personal 
samples, and the number of reasons sampled for 
each occupation is shown in Figure 2.

The main causes of unreliable samples were 
in the preparation, issuing & receiving of dust 
pumps, which was often rushed and resulted in:

• Incorrect filter handling.
• Inaccurate sampling train preparations. 
• Lack of coaching to wearers.
• Lack of awareness from wearers.
• Incomplete partial supervisory forms.
• Not recording of the sampling train 
 operational status, including actual 
 work area, activities performed and 
 control effectiveness for the individual 
 sample taken on the day. 
• Incorrect use by wearers.

An example of incorrect filter handling is shown 
in Figure 3.

Figure 3: Poorly stored filter cassettes

Some specific problems in dust room include:

• CM dust transport boxes and pouches not 
 being cleaned.
• Pumps not placed upright thus filter not 
 upright.
• Filters not handled with care.
• Adapters had no O-rings and held 
 together by tape which came loose in 
 some instances during shift.
• Pumps were set up in haste.

However, in general, the use of a dedicated dust 
room was considered to be an improvement on 
mines using only the lamproom.

Figure 2: Distribution of occupations shadowed for personal samples
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Additional outcomes of the project, from log 
sheet evaluation, combined with the observers 
notes, also identified significant contributing 
factors to high dust concentrations in the 
production sections as:

• Inadequate ventilation.
• Dust suppression maintenance and  
 pre-inspections not always done.
• Section geology (sandstone / siltstone  
 intrusion) resulted in higher dust load.
• Cutting sequence affects dust load.
• Some miners did not place pumps 
 on CM.
• Pumps are not checked during shifts 
 which resulted in some of the cyclones 
 being exposed outside the cage.

Examples of observations for high CM dust 
results are given in Table 1.

In addition to the low sample reliability, other 
conclusions of the project were:

• CM dust results are a good indication of 
 control effectiveness. Where controls 
 were in order dust results were found to 
 be within limits.
• Ventilation Occupational Hygiene And 
 Engineering (VOHE) personnel conduct 
 personal monitoring in addition to their 
 other duties resulting in incorrect 
 handling of samples due to lack of 
 adequate resources and time.
• Users were not always sure of why and 
 how to wear gravimetric pump sampling 
 train and often found the pumps 
 uncomfortable and ‘in the way’.
• Partial supervision and over inspections 
 during personal monitoring leads to more 
 reliable sample results.

Improving control over dust pump handling and 
distribution will improve the reliability of dust 
samples. It is recommended that:

• A dedicated dust room should handle 
 the daily issuing and receiving of dust 
 sampling pumps.
• Appoint a dedicated “dust technician” to 
 prepare, issue and receive gravimetric 
 samples as well as managing of filters 
 as per procedure requirements and 
 actioning results where required. 

• Record all the relevant data on the day 
 of sample.
• Consider using the “clip” method whereby 
 the filter is clipped to the wearer collar in 
 circumstances where the pump is 
 perceived as ‘in the way’.
• Worker supervisors are tasked to observe 
 persons being sampled during their daily 
 routine supervisory tasks for correct 
 wearing and handling of sampling 
 pumps.
• Training and induction programmes to 
 include:
 o  Dust exposure,
 o gravimetric sampling purpose,
 o methodology,
 o wearer responsibility and usage 
• Ensure that you make use of a competent 
 service provider laboratory, and conduct 
 audits in the transport and handling.
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AREA DATE CM DUST 
MG/M3 OBSERVATIONS

SECTION 39 26/10/2020
Morning

5.40 • PDR readings up to 20mg/m2.
• Personal sample not reflected on personal monitoring results.
• Sprays blocked.
• Scrubber dirty.

SECTION 39 05/11/2020
(Morning)

4.75 • Learn miner did not know what to do to rectify poor ventilation.
• CM Driver positioned very close to machine.
• Poor ventilation.
• VOHE Stopped section.
• Personal coal dust (4.58 mg/m3) and silica over exposure 

(0.21mg/ m3).
• Pump placed in cooler box before end of shift.

SECTION 39 06/11/2020
(Morning

4.49 • Area surveillance shows PDR readings less than 5mg/m3.
• Poor ventilation.

SECTION 61 08/09/2020
(Morning)

4.25 • Condition of the face was poor.
• Due to the vibration, cyclone became exposed.
• There were problems with heading fans.
• Poor ventilation.
• PDR Readings up to 40mg/m3.

SECTION 75 09/10/2020
(Morning)

4.82 • Little to no ventilation.
• PDR Reading up to 40mg/m3.

SECTION 85 09/11/2020
(Afternoon)

5.50 • Pump was properly worn throughout the shift.
• General engineering worker personal sample silica over exposure 

(0.012mgm3).
• Moving the cables around the section, helping the miner set 

up the laser and spent most of the time sitting at the switches 
during the shift.

Table 1: Example of CM dust sample observations for high dust results
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Investigation into the Influence of Antioxidants on 
Coal Properties and Spontaneous Combustion
PROF B GENC AND DR M ONIFADE

SYNOPSIS

Spontaneous combustion is a problem that 
not only causes major losses of valuable and 
non-renewable resources, but also results 
in massive losses of economic and financial 
resources in the coal mining industry. The 
need for spontaneous combustion prediction, 
assessment and management is critical for the 
coalfields’ efficient operation and improved 
productivity. Therefore, minimising the incident 
is desirable by utilising suitable antioxidants 
that can reduce the incidence of spontaneous 
combustion at minimum cost. 

This study investigates the effects of four 
selected antioxidants on six coal samples 
collected from New Vaal colliery considering 
the effects of these antioxidants on coal 
properties. The effects of the antioxidants 
were investigated on both laboratory and 
medium-scale tests (with a newly designed 
apparatus), while the effects of antioxidants 
on coal properties were only examined under 
laboratory tests. 

These antioxidants minimise spontaneous 
combustion of coal (Sponcom) but affect coal 
properties as confirmed under laboratory tests. 
On 20 August 2020, tests were conduced at Mine 
A Pit, Khwezela colliery as part of the design and 
test of a spray machine on two 60Tstockpiles 
and three 16m deep blastholes using powdered 
gypsum as an antioxidant. The tests show an 
increase in the temperature distribution of the 
untreated stockpile compared to the treated 
stockpile. However, no significant temperature 
differences were recorded for the treated and 
untreated blastholes which could be due to 
the accumulation of water at the bottom of the 
blasteholes. 

Gypsum, which has been used for the first 
time, proves to be an economically viable 
option compared to other antioxidants on both 
laboratory and medium-scale tests.

INTRODUCTION

Sponcom involves a combination of complex 
chemical reactions and various physical 
processes between coal, carbonaceous 
materials and oxygen). To prevent the incidence 
of self-heating and Sponcom, several studies 
have been carried out to understand the 
mechanism of Sponcom and the related anti-
combustion techniques. Studies have shown 
that coal oxidation is caused by various factors 
influencing the initiation and development of 
self-heating. These factors include:  
• Seam factors (coal rank, petrographic 
 properties, volatile matter, moisture, 
 surface area, sulphur, etc.), 
• Geological factors (seam gradients, seam 
 thickness, crack, fractures, etc.) 
• Mining factors (rate of advance, pillar 
 and roof condition, methods of mining, 
 ventilation rate, old workings, etc.).
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Research has shown that chemical inhibitors 
can slow low-temperature oxidation, but these 
chemical inhibitors have been employed as a 
control measure to prevent coal from self-heating 
and Sponcom. However, due to the complex 
nature of coal, in coal mines remains unresolved. 
One of the roles of chemical inhibitors in 
delaying coal self-heating is the direct separation 
of the active centre from the oxygen intake in 
the air on coal surfaces. 

This is commonly done by jetting mud, polymer 
emulsion and water glass to protect the coal 
surface. In order to prevent coal fires in mines, 
various methods such as water injection, 
grouting, and the application of chemical 
inhibitors, inert gas, and gel have been used. 
Due to their performance, chemical inhibitors 
have been used to reduce coal fires, but they 
have low inhibitory effects.

The studies by Acharya et al. (2001) and Küçük et 
al. (2003) suggest that self-heating and Sponcom 
are reduced by blocking agents. However, some 
of the blocking agents remain superficial as a 
result of the simple qualitative assessment made 
on the mechanism of Sponcom inhibition. 

Owing to their capacity to absorb water rather 
than the inhibition mechanism, inorganic 
inhibitors such as magnesium chloride (MgCl2), 
calcium chloride (CaCl2) and sodium chloride 
(NaCl) have been reported to show weak 
inhibition effects. Studies have shown that short 
lifetimes and poor efficiencies are present in these 
chemical inhibitors. 

The effect of NA3PO4 on low-temperature 
oxidation was investigated by Zhan et al. (2011) 
and the study shows that the mix of NA3PO4 
to coal affects the pathways for hydroxyl 
decomposition, which promotes its conversion 
into ether linkages and then improves the thermal 
stability of the coal. 

The studies reported by Li (1996) and Wang et 
al. (2003) using the free radical theory of coal 
sponcom have shown that when a coal is exposed 
to air, it produces a significant amount of alkyl free 
radicals. The alkyl radicals react with oxygen in the 
air to form peroxide radicals. The generated heat 
caused the peroxide radicals to react and produce 
hydroperoxide, which decomposes the coal 
composition, resulting in carbon monoxide (CO), 
carbon dioxide (CO2), and other gases.

Research has shown that chemical inhibitors 
are effective, even though, due to their complex 
nature, some are very costly or not suitable for 
all types of coal. No much research has been 
conducted on the effect of antioxidants on coal 
properties and sponcom. Considering the effects 
of antioxidants on coal properties and Sponcom, 
the efficiency and inhibitory effects of selected 
antioxidants (MgCl2, NaCl, gypsum and fly ash) 
on coal properties under laboratory, 16m deep 
blastholes and medium-scale stockpile (60T) 
requires a better understanding at minimal cost. 

Therefore, this study aims to evaluate the effects 
of antioxidant on coal properties and sponcom 
liability based on the current understanding of 
antioxidants on coal structure. 

MATERIALS AND METHODS

Sample collection and characterisation

Lumps of six representative in situ coal samples 
collected at Khwezela colliery, Mine A Pit from 
the top, medium and bottom seam. Each sample 
was kept in a plastic bag and labelled. The 
sample lumps (100 to 150mm) were crushed 
with a crusher (Rocklabs MK III) and later milled 
to a fraction of -212µm for Sponcom tests and 
-250µm for elemental analyses. The proximate 
analysis was performed based on the American 
Society for Testing and Material [ASTM D5142 
(2013)], with almost 1g used to estimate the ash, 
moisture and volatile matter contents. 

The deduction of the sum of moisture, volatile 
matter, and ash contents from 100% is used 
to express the fixed carbon content. The total 
carbon and total sulphur of these samples were 
performed based on the ASTM D5373-14 (2013) 
and ASTM D4239-14 (2013) with the use of LECO 
CHN 628 with add on 628 S module. Treated 
samples used for laboratory tests were obtained 
by mixing 10% of the antioxidant (MgCl2, NaCl, 
gypsum and fly ash) with 90% of coal in a beaker 
and stirred mechanically. The calorific value was 
determined using a bomb calorimeter based on 
the ASTM D5865-12 (2013). 

The results of coal properties, Sponcom tests and 
performance evaluation for both treated and 
untreated coal samples are presented in Table 1 
and Table 2.
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SAMPLES # XPT PE WE PE

INPIT BSC 143.5 4.58
Inpit Bsc + Ash 153.3 -6.8 3.66 18.8
Inpit Bsc + Gypsum - - - -
Inpit Bsc + MgCl2 - - - -
Inpit Bsc + NaCl 142.1 0.98 4.05 11.6
INPIT TSC 144.6 4.74
Inpit Tsc + Ash 156. -8.4 3.78 20.3
Inpit Tsc + Gypsum 171.1 -18.3 3.51 25.9
Insitu Tsc + MgCl2 - - - -
Inpit Tsc + NaCl 177.5 -22.7 3.01 36.5
INSITU MSC 145.9 4.43
Insitu Msc + Ash - - - -
Insitu Msc + Gypsum - - - -
Insitu Msc + MgCl2 - - - -
Insitu Msc + NaCl 151.4 -3.8 3.58 19.2
INSITU MSC CORE 147.3 4.44
Insitu Msc Core + Ash 145.5 1.2 3.76 15.3
Insitu Msc Core + Gypsum - - - -
Insitu Msc + MgCl2 - - - -
Insitu Msc + NaCl 147 0.2 3.85 13.3
KSP 136.4 4.63
KSP + Ash 156.3 -14.6 3.47 25.1
KSP + Gypsum - - - -
KSP + MgCl2 - - - -
KSP + NaCl 143 4.8 3.98 14.04
STOCKPILE BSC 148.8 4.71
Stockpile Bsc + Ash 150.8 -1.3 3.69 21.7
Stockpile Bsc + Gypsum - - - -
Stockpile Bsc + MgCl2 - - - -
Stockpile Bsc + NaCl 148.4 0.3 3.72 21.01

Table 1: Performance evaluation of antioxidants on sponcom liability of coal
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SAMPLES # C PE S PE M PE A PE CV PE V PE

INSITU MSC CORE 36.2 1.3 4.3 45.9 13.5 18.6
Ash 29.3 19.1 1.21 6.9 3.2 25.2 56.5 -23.1 10.8 20 15.8 15.1
Gypsum 30.8 14.9 3.41 -162.3 4.2 2.3 52.7 -14.8 9.5 29.6 24.2 -30.1
MgCl2 30.1 16.9 1.19 8.5 6.2 -44.2 40.3 12.2 10.2 24.4 29 -55.9
NaCl 29.2 19.2 1.19 8.5 3.3 23.3 51.1 -11.3 9.1 32.6 15.3 17.7

INSITU MSC 38.1 1.15 4.9 43.1 13.9 19.9
Ash 30.2 20.7 1.07 6.96 3.1 36.7 54.5 -26.5 10.7 23.0 16.5 17.1
Gypsum 32.3 15.2 2.76 -140 4.7 4.1 51.4 -19.3 9.9 28.8 24.9 -25.1
MgCl2 32.4 14.9 1.19 -11.5 8.1 -65.3 38.8 9.97 11.1 20.1 25.2 -26.6
NaCl 33 13.4 0.98 14.8 4 18.4 48.5 -12.5 9 35.3 16.1 19.1

INPIT BSC 58.7 1.14 5.1 22.7 21.9 23.4
Ash 45.8 21.97 0.97 14.9 4.2 17.6 38.3 -68.7 17.5 20.1 18.9 19.2
Gypsum 50.8 13.5 3.16 -177.2 6.6 -29.4 33.3 -46.7 16.4 25.1 26.4 -12.8
MgCl2 48.1 18.1 1.09 4.4 6.5 -27.5 22.2 2.2 17.3 21.0 37.4 -59.8
NaCl 50.4 14.1 1.05 7.9 3.8 25.5 34.7 -52.9 16.4 25.1 20.9 10.7

INPIT TSC 39.3 1.39 5.3 40.8 148 21
Ash 32.2 18.1 1.22 12.2 4.0 24.5 52.5 -28.7 11.8 20.3 17.4 17.1
Gypsum 35.2 10.4 3.35 -141.0 6.7 -26.4 48.0 -17.6 11.2 24.3 24.3 -15.7
MgCl2 32.3 17.8 1.44 -3.6 9.0 -69.8 36.8 9.8 11.9 19.6 26.7 -27.1
NaCl 33.1 15.7 1.15 17.2 4.0 24.5 48.5 -18.9 11.8 20.3 16.4 21.9

KSP 55.2 1.13 3.8 25.2 21.3 22.1
Ash 43.7 20.8 1.04 7.96 3 21.1 39.7 -57.5 17.2 19.2 18.3 17.2
Gypsum 47.7 13.6 2.86 -153.1 6.2 -63.2 35.7 -41.7 15.6 26.7 24.4 -10.4
MgCl2 42.7 14.5 1.15 -1.77 6.8 -78.9 24.2 3.96 16.8 21.1 31.7 -43.4
NaCl 42.7 22.6 1.05 7.07 2.7 28.9 39.4 -56.3 16.7 21.6 19 14.0

STOCKPILE BSC 46 1.31 4.4 35.3 16.8 21.2
Ash 35.8 22.2 1.15 12.2 3.4 22.7 48.8 -38.2 12.8 23.8 17.1 19.3
Gypsum 38.5 16.3 3.26 -148.9 5.3 -20.5 42.8 -21.2 13.7 18.5 25.4 -19.8
MgCl2 35.7 22.4 1.22 6.9 7.5 -70.5 32.8 7.1 12.7 24.4 30.9 -45.8
NaCl 37 19.6 1.11 15.3 3.7 15.9 37.7 -6.8 13.7 18.5 19.8 6.6

Table 2: Treated and untreated coal properties
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The Wits-Ehac test has been in existence to 
predict the Sponcom liability of coal since 
the 1980s. The apparatus is used in this study 
to examine the Sponcom liability of treated 
(MgCl2, NaCl, gypsum and fly ash) and untreated 
coal samples. The main components of this 
experimental apparatus are shown in Figure 1. 
In an insulated bath consisting of heat transfer 
oil, a sample cell containing three samples of 
coal and three samples of inert material is kept. 
At a continuous rate of 1oC /min, the oil is heated 
and circulated through the bath. Oxygen from a 
compressor is supplied to the apparatus in the 
form of air. With a flowmeter, the air supply is 
regulated. The airflow is controlled by a bubble 
metre through each cell consisting of coal and 
kept constant at 200ml/min by means of a valve 
attached to the flowmeter. 

Each cell is fitted with a platinum resistance 
thermometer so that the temperature of the 
sample within the cell (coal or calcined alumina) 
can be recorded at intervals of 30sec. A coal’s Wits-
Ehac value comprises both the Crossing Point 
Temperature (XPT) and the Stage II slope gotten 
from the Differential Thermal Analysis (DTA) for 
the treated and untreated coal samples tested. 
Each of these thermograms were generated in 
duplicate sample holders in an oil bath by heating 
the sample and the inert material (Figure 1). 
Each thermogram (Figures 5 to 10) is generated 
by plotting the difference in the temperature of 
the sample (treated and untreated coal samples) 
under testing from that of the inert material 
against the temperature of the inert material. A 
full description of this experimental procedure 
was reported by Genc and Cook (2015).

Figure 1: A diagram of the Wits-Ehac experimental setup (Wade et al., 1987)
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Field Test

Gypsum was considered for the field test 
because of its low inhibiting effects, flexibility 
in application, availability cost under laboratory 
conditions. The testing equipment consisted 
of a compressor, powder mixer, spray gun and 
hose. While the compressor is used to spray 
the gypsum powder, the powder mixer makes 
the pulverised gypsum airborne so that it can 
provide continuous spraying capabilities. The 
powder mixer also controls the whole process 
and has a lever to adjust the spraying speed as 
shown in Figure 2. 

Figure 2: Spray Machine

This study carried out a medium-scale tests on 
three blastholes (16m deep) and two stockpiles 
of 60 ton each at Khwezela colliery, Mine A Pit. 
Two of the blastholes (Figure 6) and a single 
stockpile (Figure 4) were treated with gypsum, 
while the remaining (Figures 3 and 5) were left 
untreated (control point) for 21 days in order to 
examine the inhibitory effects of the antioxidant 
on coal self-heating using the devices in Figure 
2. Two 60T stockpiles from 2-Seams coal, known 
to be prone to sponcom. At the beginning 
of testing, the temperatures of both the 
stockpiles were recorded, and they had similar 
temperatures. Both stockpiles were divided 
into six sections namely A1, A2, A3, A4, A5 and 
A6 (Figure 3) where A1, A2 and A3 areas were 
sprayed with a single coat for 10 minutes using 
3kg powdered gypsum, while A4, A5, and A6 
areas were sprayed twice using 6kg of powdered 
gypsum (Figure 4). 

Thermocouples were used to check the 
temperature of the two stockpiles for three 
weeks between 21 August and 10 September 
2020. The temperatures were recorded every 
two hours daily between 06h00 and 16h00 (six 
readings per day). 

The stockpiles were placed 15m apart to 
minimise the influence of one stockpile over 
another due to weather conditions. Figure 3 
indicates the compass directions of the stockpile 
areas. Sections A1 was on the northern part, A5 
and A6 were on the eastern part, A4 was on the 
southern part, A2 and A3 were on the western 
part. This was to ensure that an area to area 
comparison is reliable and consistent. The height 
of the stockpiles were 1.7m, corresponding 
to the tray tip of the haul truck used to tip the 
stockpiles. The width of the stockpiles at the 
bottom was 7m, in line with the hauling truck, 
which tips the stockpiles.

Figure 3: Stockpile sections

Figure 4: Spray of stockpile
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Two of the blast-holes were sprayed. H1 was 
sprayed with 200g of gypsum for 30 sec, H2 was 
sprayed with 360g of gypsum for 50 sec and H3 
was left untreated (control points) (Figure 5). The 
blastholes were drilled eight metres apart next 
to the exposed highwall of the mined out-strip. 
Three 16m deep blast-holes namely H1, H2 and 
H3 were drilled in the area historically known 
to be having higher blasthole temperatures. 
All the holes have a similar temperature before 
treatment. The blastholes tests were carried 
out by first placing the spray assemble on top 
of the hole and then dropping the spray gun 
to the bottom of the blasthole (Figure 5). When 
the spray gun was at the bottom of the hole, 
spraying started and the hose where the spray 
gun was attached was pulled up with a speed of 
0.5m/sec. The hole H1 took 30 sec and 200g of 
gypsum to spray. A similar approach was taken 
for H2 but the speed was reduced to 0.3m/sec 
and 360g of gypsum was sprayed.

Thermocouples were used to check the 
temperature of the three blastholes and two 
stockpiles for three weeks between 21 August 
and 10 September 2020 and the temperatures 
were recorded every two hours on a daily basis 
between 06h00 and 16h00 (six readings per day).

Figure 5: Spray assemble on beside untreated 
blastholes

Figure 6: Treated Blastholes
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RESULTS AND DISCUSSION

Effects of antioxidants on Sponcom

The results of the untreated and treated 
samples on Sponcom tests and coal properties 
are provided in Table 1 and Table 2, while 
the thermograms for the Sponcom tests are 
illustrated in Figures 7 to 12. As a result of the 
use of different antioxidants, the Performance 
Evaluation (PE) is used to calculate the percentage 
of reduction or increase in the coal properties and 
sponcom liability from Equation 1.

                                                                (1)

Where, USa and TSa are the untreated and treated 
samples, respectively.

Four antioxidants (fly ash, gypsum, NaCl, and 
MgCl2) have been selected to prove the concept 
that they can reduce coal sponcom liability. The 
optimal concentration of different antioxidants 
was calculated, and the self-heating capacity of 
the coal samples mixed with each antioxidant was 
assessed to confirm the inhibiting effect based on 
sponcom liability results. A total of 30 Sponcom 
tests were carried out on both untreated and 
treated coal samples under laboratory condition. 

Where XPT is the crossing point temperature, 
WE is the Wits-Ehac Index and PE is the 
performance evaluation.

The WE of treated samples with fly ash decreased 
from 4.58 to 3.66 for Inpit Bsc, 4.74 to 3.78 for Inpit 
Tsc, 4.43 to not determined (nd) for Insitu Msc, 
4.44 to 3.76 for Insitu Msc Core, 4.63 to 3.47 for 
KSP, and 4.71 to 3.69 for Stockpile Bsc respectively. 

The WE of treated samples with gypsum 
decreased from 4.58 to nd for Inpit Bsc, 4.74 to 
3.51 for Inpit Tsc, 4.43 to nd for Insitu Msc, 4.44 
to nd for Insitu Msc Core, 4.63 to nd for KSP, and 
4.71 to nd for Stockpile Bsc respectively. The WE of 
treated samples with MgCl2 decreased from 4.58 
to nd for Inpit Bsc, 4.74 to nd for Inpit Tsc, 4.43 to 
nd for Insitu Msc, 4.44 to nd for Insitu Msc Core, 
4.63 to nd for KSP, and 4.71 to nd for Stockpile Bsc 
respectively. 

The WE of treated samples with NaCl decreased 
from 4.58 to 4.05 for Inpit Bsc, 4.74 to 3.01 for Inpit 
Tsc, 4.43 to 3.58 for Insitu Msc, 4.44 to 3.85 for 
Insitu Msc Core, 4.63 to 3.98 for KSP, and 4.71 to 
3.72 for Stockpile Bsc respectively.

The XPT of treated sample with fly ash increases 
from 143.5 to 153.3oC for Inpit Bsc, 144.6 to 
156.8.1oC for Inpit Tsc, 145.9oC to nd for Insitu 
Msc, 136.4 to 156.3oC for KSP, 148.8 to 150.8 
oC for Stockpile Bsc and decreases to 145 from 
147.3oC for Insitu Msc Core respectively. The XPT 
of treated sample with gypsum increases from 
143.5oC to nd for Inpit Bsc, 144.6 to 171.1oC for 
Inpit Tsc, 145.9oC to nd for Insitu Msc, 147.3oC 
to nd for Insitu Msc Core, 136.4oC to nd for KSP, 
148.8oC to nd for Stockpile Bsc respectively. 

The XPT of treated sample with MgCl2 increases 
from 143.5oC to nd for Inpit Bsc, 144.6oC to nd for 
Inpit Tsc, 145.9oC to nd for Insitu Msc, 147.3oC to 
nd for Insitu Msc Core, 136.4oC to nd for KSP and 
148.8oC to nd for Stockpile Bsc respectively. The 
XPT of treated sample with NaCl increases from 
144.6 to 177.5oC for Inpit Tsc, 145.9 to 151.4oC for 
Insitu Msc, 136.4 to 143oC for KSP and decreases 
to 148.4 from 148.8oC for Stockpile Bsc, 142.1 
from 143.5oC for Inpit Bsc, 147 from 147.3oC for 
Insitu Msc Core respectively.

The results obtained from the values of the XPT 
and WE showed that the characteristics of the 
treated samples differ from one to the other. 
The liability values obtained from the treated 
samples indicate that the WE decreases as XPT 
increases. 

According to Mahadevan and Ramlu (1985), the 
higher the XPT, the lower the Sponcom liability 
of a coal, while according to Wade et al. (1987), 
the lower the WE, the lower the liability of coal 
toward Sponcom. In addition, the XPT and WE 
values of some treated samples with gypsum 
and MgCl2 could not be determined in most 
cases (Table 1), indicating these antioxidants 
hindered self-heating to occur during testing.  
Hence, the antioxidants reduce the liability index 
of the coal samples.
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The data for the PE of each antioxidant on 
Sponcom liability of the coal samples as seen in 
Table 1 shows that the liability index decreases 
as a result of the mixing of the samples with the 
antioxidants, with the result that the treated 
samples show a steady decrease in the liability 
index. The PE of treated coal samples with fly ash 
are 18.8% for Inpit Bsc, 20.3% for Inpit Tsc, nd for 
Insitu Msc, 15.3% for Insitu Msc Core, 25.1% for 
KSP and 21.7% for Stockpile Bsc respectively. 

The PE of antioxidant-treated coal samples with 
gypsum are nd for Inpit Bsc, 25.9% for Inpit Tsc, 
nd for Insitu Msc, nd for Insitu Msc Core, nd for 
KSP and nd for Stockpile Bsc respectively. The PE 
of antioxidant-treated coal samples with MgCl2 
are nd for Inpit Bsc, nd for Inpit Tsc, nd for Insitu 
Msc, nd for Insitu Msc Core, nd for KSP and nd for 
Stockpile Bsc respectively. The PE of antioxidant-
treated coal samples with NaCl are 11.6% for 
Inpit Bsc, 36.5% for Inpit Tsc, 19.2% for Insitu Msc, 
13.3% for Insitu Msc Core, 14.4% for KSP and 21% 
for Stockpile Bsc respectively.

The temperature trends of XPT for the untreated 
samples were determined and recorded as 
control points and compared with treated 
samples (Figures 5 to 10). 

The temperature trends of XPT for treated 
samples varied (either increases or decreases) 
and could not be determined in some samples. 
The studies reported by Mahadevan and Ramlu 
(1985), Gbadamosi et al. (2020), Said et al. (2020) 
have shown that coal with a higher XPT has a 
lower liability towards Sponcom.

From the differential thermograms (Figures 5 to 
10), fly ash increases the XPT of Inpit Bsc, NaCl 
blended with the sample reduces the XPT while 
the XPT of MgCl2 and gypsum blended with 
the sample could not be determined as seen 
in Figure 5. Fly ash, gypsum and NaCl blended 
with Inpit Tsc increases the XPT of the sample, 
while Inpit Tsc mixed with MgCl2 could not be 
determined as illustrated in Figure 6. 

The temperature of Insitu Msc blended with fly 
ash, gypsum and MgCl2 could not be determined 
while Insitu Msc mixed with NaCl increases the 
XPT of the sample as illustrated in Figure 7. The 
XPT of Insitu Msc Core mixed with gypsum and 
MgCl2 could not be determined while Insitu Msc 
Core mixed with fly ash and NaCl reduces the 
XPT of the sample as shown in Figure 8. 

Gypsum and MgCl2 blended with KSP could not 
be determined while KSP mixed with fly ash 
and NaCl increases the XPT of the same sample 
as shown in Figure 9. The XPT of gypsum and 
MgCl2 blended with Stockpile Bsc could not be 
determined while fly ash and NaCl decreases the 
XPT of the sample as shown in Figure 10.

The temperature trends of the XPT for treated 
coal samples indicates the degree of reduction 
for coal spontaneous combustion in most cases 
especially for MgCl2 and gypsum as compared 
with the XPT of untreated coal samples as 
illustrated on the differential thermograms.
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The test results show that the blend of 
antioxidants on coal reduces the sponcom 
liability and, the presence of MgCl2 followed by 
gypsum provides an improved thermal stability 
as opposed to fly ash and NaCl. When using 
the WE apparatus, three distinctive stages are 
obtained from the thermograms; being stage I, 
stage II, and stage III as shown in Figures 5 to 10. 

Stage I is marked by a negative slope because 
the inert material has a higher temperature value 
at the beginning of combustion compared to the 
coal sample. 

This is due to the cooling nature of moisture 
evaporation from coal. However, as heating 
continues, all the moisture content evaporates 
and the heat energy is used to raise the coal 
temperature at a faster rate to reach the 
temperature of the surrounding oil bath. The 
process is exothermic in nature and it is known 
as stage II. 

The stage is marked with a positive slope on 
the thermogram due to the positive difference 
between the coal sample and the inert material. 
The highest point of exothermicity is achieved 
at the point where the curve crosses the zero 
baselines known as the XPT. Stage III follows 
where coal burns beyond its kick-point. This 
is not the case for all the treated coal samples 
because of the inhibitory impact of the 
antioxidants (Figures 5 to 10).

The Sponcom test shows that the Sponcom 
liability of the treated samples is lower than 
those of the untreated samples. This may be 
because the antioxidants formed an oxidative 
barrier and prevent moisture and highly volatile 
organics from escaping from the coal internal 
surface during low-temperature oxidation.

Figure 7: Thermograms of untreated and treated Inpit Bsc sample
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Figure 8: Thermograms of untreated and treated Inpit Tsc sample

Figure 9: Thermograms of untreated and treated Insitu Msc sample
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Figure 10: Thermograms of untreated and treated Insitu Msc Core sample

Figure 11: Thermograms of untreated and treated KSP sample
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Effects of antioxidants on coal properties

Table 2 provides the results of treated and 
untreated coal properties for six coal samples.

The blend of fly ash, gypsum, MgCl2 and NaCl 
with Insitu Msc Core reduced the carbon content 
from 36.2 to 29.3, 30.8, 30.1 and 29.2wt.% 
respectively, indicating a percentage reduction of 
19.1, 14.9, 16.9 and 19.2% respectively for fly ash, 
gypsum, MgCl2 and NaCl. 

The blend of fly ash, MgCl2 and NaCl with Insitu 
Msc Core reduced the sulphur content from 1.3 
to 1.21, 1.19 and 1.19wt.% respectively, indicating 
a percentage reduction of 6.9, 8.5 and 8.5% for 
fly ash, MgCl2 and NaCl, while the mix of gypsum 
increased the sulphur content from 1.34 to 
3.41wt.%, indicating a percentage increase of 
162.3% for the gypsum. 

The blend of fly ash, gypsum, and NaCl with Insitu 
Msc Core reduced the moisture content from 4.3 
to 3.2, 4.2 and 3.3wt.% respectively, indicating 
a percentage reduction of 25.2, 2.3 and 23.3% 
for fly ash, gypsum and NaCl, while the mix of 
MgCl2 increased the moisture content from 4.3 
to 6.2wt.%, indicating a percentage increase of 
44.2% for MgCl2. 

The blend of fly ash, gypsum, and NaCl with Insitu 
Msc Core increased the ash content from 45.9 to 
56.5, 52.7 and 51.1wt.% respectively, indicating 
a percentage increase of 23.1, 14.8 and 11.3% for 
fly ash, gypsum and NaCl, while the mix of MgCl2 
decreased the ash content from 45.9 to 40.3wt.%, 
indicating a percentage reduction of 12.2% for 
the MgCl2. 

The blend of fly ash, gypsum, MgCl2 and NaCl 
with Insitu Msc Core reduced the calorific value 
content from 13.5 to 10.8, 9.5, 10.2 and 9.1MJ/kg 
respectively, indicating a percentage reduction of 
20, 29.6, 24.4 and 32.6% for fly ash, gypsum, MgCl2 
and NaCl respectively. 

The blend of fly ash, and NaCl with Insitu Msc Core 
reduced the volatile matter content from 18.6 
to 15.8 and 15.3wt.%, indicating a percentage 
reduction of 15.1 and 17.7% respectively, while 
the mix of  gypsum and MgCl2 increased the 
volatile matter content from 18.6 to 24.2 and 
29wt.%, indicating a percentage increase of 30.1% 
and 55.9% for gypsum and MgCl2 respectively. 

Figure 12: Thermograms of untreated and treated Stockpile Bsc sample
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Where C is the total carbon, S is the total sulphur, 
M is the moisture content, A is the ash content, V is 
the volatile matter content all in weight percentage 
(wt.%), while CV is the calorific value in MJ/kg.

The blend of fly ash, gypsum, MgCl2 and NaCl with 
Insitu Msc reduced the carbon content from 38.1 to 
30.2, 32.3, 32.4 and 33wt.% respectively, indicating 
a percentage reduction of 20.7, 15.2, 14.9 and 
13.4% respectively for fly ash, gypsum, MgCl2 and 
NaCl. The blend of fly ash and NaCl with Insitu Msc 
reduced the sulphur content from 1.15 to 1.07 and 
0.98wt.% respectively, indicating a percentage 
reduction of 6.96 and 14.8% for fly ash and NaCl, 
while the mix of gypsum and MgCl2 increased 
the sulphur content from 1.15  to 2.76 and 1.19 
wt.%, indicating a percentage increase of 140 and 
11.5% for gypsum and MgCl2 respectively. The 
blend of fly ash, gypsum, and NaCl with Insitu Msc 
increased the ash content from 43.1 to 54.5, 51.4 
and 48.5wt.% respectively, indicating a percentage 
increase of 26.5, 19.3 and 9.97% for fly ash, gypsum 
and NaCl, while the mix of MgCl2 decreased the 
ash content from 43.1 to 38.8wt.%, indicating a 
percentage reduction of 9.97% for the MgCl2. The 
blend of fly ash, gypsum, MgCl2 and NaCl with 
Insitu Msc reduced the calorific value content from 
13.9 to 10.7, 9.9, 11.1 and 9MJ/kg respectively, 
indicating a percentage reduction of 23, 28.8, 20.1 
and 35.5% for fly ash, gypsum, MgCl2 and NaCl 
respectively. The blend of fly ash, and NaCl with 
Insitu Msc reduced the volatile matter content from 
19.9 to 16.5 and 16.1wt.%, indicating a percentage 
reduction of 17.1 and 19.1% respectively, while the 
mix of  gypsum and MgCl2 increased the volatile 
matter content from 19.9 to 24.9 and 25.2wt.%,  
indicating a percentage increase of 25.1 and 26.1% 
for gypsum and MgCl2 respectively.

The moisture content ranged from one sample to 
another, allowing the liability index to differ and 
it has a slight effect on the chemical structure of 
coal. The moisture evaporates with an increase in 
temperature, takes in some heat and decreases 
the heat that accumulates inside the coal. In 
addition, moisture causes a mist that encloses the 
coal’s surface. If the moisture content is high, the 
moisture will hinder the removal of heat and the 
interaction between coal and O2. The variations in 
the volatile matter and ash contents support the 
works reported by Van Niekerk et al. (2008) and 
Falcon and Ham (1988) on the characteristics of 
South African coal. 

The variations in ash amounts could result from the 
differences in the frequency, quantity, and course 
of the inflow of pre-existing minerals and rock into 
the area during the formation of peat. Moreover, 
variations in their Sponcom liability may result 
from the heat absorbing minerals within the coal 
samples. In all the samples, the carbon content 
differed. The depositional climate and conditions 
of the peat and alkaline depositional environments 
with concentrated minerlisation of sulfide can 
be associated with high sulphur. Coal produced 
in fresh water and a calcium-rich environment is 
typically rich in sulphur, which may result into high 
levels of sulphur in some of the coal samples.
 
The following observations were made from the 
results presented in Table 2:
• Gypsum and MgCl2 increases the volatile 
 matter contents in the samples, hence 
 indicating a percentage increase in the 
 volatile matter content. While fly ash and 
 NaCl reduces the volatile matter in 
 the samples, hence indicating a 
 percentage reduction in the volatile 
 matter content.
• All the antioxidants reduced the calorific 
 value and carbon content in the samples, 
 thereby indicating a percentage reduction 
 in calorific value and carbon content of the 
 coal samples.
• MgCl2 reduced the ash contents in the 
 samples, hence indicating a percentage 
 reduction in the ash content of the coal 
 samples while other antioxidants increase 
 the amount of ash contents in the samples.
• Gypsum increases the sulphur content in 
 all the samples, thereby indicating a 
 percentage increase in the sulphur content 
 of the coal samples. This could be as a result 
 of high sulphur content present in the 
 gypsum. MgCl2 also increased the sulphur 
 content in some of the samples, while ash 
 and NaCl reduced the amount of sulphur in 
 the samples.
• MgCl2 increases the moisture content 
 of the samples, hence indicating a 
 percentage increase in the moisture 
 content. A similar effect is observed in 
 gypsum for the samples except Insitu Msc 
 Core and Insitu Msc while the fly ash and 
 NaCl reduces the amount of moisture in all 
 the samples.
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Cost performance evaluation for selected 
antioxidants

The cost per 10g of antioxidant used to 
calculate the PE based on the results obtained 
from the liability index for the untreated 
and treated samples is provided in Table 3. A 
cost-performance of the application of the 
antioxidants used under laboratory tests was 
evaluated, which would be of great benefit to 
the industry.

Table 3: Cost of antioxidants per 10g in Rand

The PE of MgCl2 could not be determined in all 
the samples as compared to other antioxidants 
(see Table 1). In addition, the PE of gypsum could 
not be determined in all the samples except for 
Inpit Tsc (25.9%). Hence, MgCl2 provides the best 
inhibition impact since its liability index could 
not be determined as compared with the other 
antioxidants followed by gypsum. In conclusion, 
MgCl2 provides the best liability index reduction 
performance among all the antioxidants 
investigated but in terms of the application 
under medium-scale tests, there are difficulties 
to spray MgCl2 on the sample as compared 
to gypsum, which also has a good reduction 
performance. Considering the performance 
evaluation and cost performance evaluation of 
each antioxidant as seen in Table 1 and Table 3, 
gypsum and fly ash are the cheapest, followed 

by MgCl2 and NaCl respectively. Looking at the 
advantages of gypsum in this study, in terms of 
performance evaluation, cost and flexibility in 
application, gypsum proves to be economically 
viable as compared to other antioxidants. Hence, 
gypsum is selected for medium-scale tests 
because of these characteristics.

Effects of gypsum on medium-scale test

Gypsum has been considered for the field test 
because of its low inhibiting effects, flexibility in 
application, availability and cost. The stockpiles 
(treated and control/untreated stockpiles) 
were taken from the area known to be prone 
to Sponcom. The results of temperature 
distribution for treated and untreated coal 
stockpiles are provided in Table 4 to Table 24, 
while the temperature distribution for treated 
and untreated blastholes are shown in Table 25 
to Table 45. The findings as observed from the 
temperature distribution between the treated 
and untreated stockpiles and blastholes are 
summarised therein.
 
It was observed that the S2 started burning 
on day 9 (29 August) where the recorded 
temperature was 554oC. However, the highest 
temperature was recorded on day 11 with 660oC. 
In terms of S1, the highest recorded temperature 
during the three weeks testing period for A1, A2 
and A3 was 53oC and for A4, A5 and A6 was 71oC. 
Hence, the amount of gypsum sprayed has little 
impact on the temperature difference.

ANTIOXIDANTS MgCI2 NaCl FLY ASH GYPSUM

PRICE (ZAR) 2.28 2.28 0.005 0.005

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 60 65 64 68 53 54 47 56 62 70 65 70
A2 48 51 54 56 50 59 50 58 56 62 54 63
A3 41 48 43 49 50 54 48 50 52 55 53 57
A4 40 49 44 50 41 48 40 44 49 54 53 58
A5 48 58 41 64 51 48 40 43 50 64 54 69
A6 52 55 56 67 55 56 43 58 61 68 62 68

Table 4: Temperature distribution (oC) for treated and untreated coal stockpiles on 21/08/2020
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Where S1 is the treated stockpile, A1, A2, A3 are areas with a single sprayed side while A4, A5, and A6 
are areas with double sprayed side. S2 is the untreated stockpile with similar positions as A1, A2, A3, 
A4, A5, and A6.

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 62 68 66 70 55 56 50 55 65 71 67 71
A2 49 50 55 58 53 60 51 59 56 63 56 64
A3 42 49 45 49 51 53 50 48 51 54 52 55
A4 41 48 43 49 44 47 41 42 50 53 50 56
A5 50 48 42 63 52 46 42 41 53 62 56 68
A6 51 56 55 68 58 58 41 56 62 70 65 69

Table 5: Temperature distribution (oC) for treated and untreated coal stockpiles on 22/08/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 65 70 65 72 56 55 51 56 69 73 70 74
A2 51 54 55 60 55 61 53 59 57 64 59 68
A3 41 50 44 50 52 51 50 49 50 55 53 59
A4 41 51 44 51 46 45 40 42 50 56 52 57
A5 53 62 59 64 58 44 45 42 55 63 57 69
A6 52 70 64 70 60 62 40 57 63 72 65 71

Table 6: Temperature distribution (oC) for treated and untreated coal stockpiles on 23/08/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 68 75 70 75 71 78 69 73 70 73 65 73
A2 63 65 63 66 64 67 63 65 63 66 61 67
A3 53 56 55 60 57 60 57 57 58 56 55 60
A4 48 56 47 56 48 53 46 52 48 54 48 53
A5 60 61 59 65 59 63 57 61 58 60 54 60
A6 65 75 64 76 65 71 63 71 62 73 61 71

Table 7: Temperature distribution (oC) for treated and untreated coal stockpiles on 24/08/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 54 68 54 65 55 62 51 57 51 56 47 53
A2 49 55 48 56 57 60 55 59 54 56 51 54
A3 47 50 43 49 54 55 54 54 53 52 51 49
A4 47 46 47 46 45 48 44 47 43 43 42 39
A5 51 53 49 55 39 47 39 46 39 45 37 42
A6 54 74 55 74 43 67 42 65 37 67 35 63

Table 8: Temperature distribution (oC) for treated and untreated coal stockpiles on 25/08/2020
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S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 62 64 63 73 68 68 64 71 61 68 65 68
A2 57 62 59 61 61 65 62 67 59 63 62 64
A3 51 56 54 58 56 60 59 62 57 58 57 58
A4 51 54 52 57 50 56 52 56 50 53 49 47
A5 56 59 57 61 54 60 54 59 54 56 51 52
A6 61 77 62 78 59 78 59 77 57 75 57 73

Table 9: Temperature distribution (oC) for treated and untreated coal stockpiles on 26/08/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 48 53 47 53 46 53 46 53 47 53 48 51
A2 46 48 47 48 46 48 46 49 47 48 46 49
A3 45 44 44 45 45 43 45 49 46 43 45 47
A4 41 42 40 44 40 41 40 43 40 44 39 43
A5 43 46 43 45 41 44 41 46 41 46 40 45
A6 45 61 43 62 44 62 44 60 43 60 41 60

Table 10: Temperature distribution (oC) for treated and untreated coal stockpiles on 27/08/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 51 51 54 55 53 56 52 56 52 57 51 54
A2 44 44 44 49 50 47 46 48 47 47 47 49
A3 41 40 45 46 45 44 44 45 46 46 45 48
A4 43 43 45 44 44 44 44 47 44 44 46 47
A5 48 49 47 51 47 51 47 51 47 50 49 51
A6 48 76 52 77 50 76 50 77 50 78 48 78

Table 11: Temperature distribution (oC) for treated and untreated coal stockpiles on 28/08/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 40 525 36 537 32 533 30 536 28 547 30 554
A2 38 38 33 34 30 32 29 32 27 32 30 43
A3 34 34 34 33 38 34 37 35 27 28 32 39
A4 32 32 30 34 30 35 33 34 25 27 28 36
A5 33 38 33 37 28 36 27 33 24 36 30 41
A6 35 549 33 534 29 537 28 524 24 465 26 418

Table 12: Temperature distribution (oC) for treated and untreated coal stockpiles on 29/08/2020
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S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 57 633 58 583 61 608 62 593 51 607 48 624
A2 52 50 53 57 57 59 60 54 51 51 46 44
A3 44 44 44 47 49 51 50 48 45 46 38 36
A4 35 47 43 46 47 53 44 44 44 41 35 36
A5 35 52 49 53 53 59 54 49 47 48 40 38
A6 45 482 55 458 59 504 59 544 51 530 43 525

Table 13: Temperature distribution (oC) for treated and untreated coal stockpiles on 30/08/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 24 391 24 409 34 426 35 420 37 382 34 412
A2 31 31 28 38 34 41 45 53 37 43 35 35
A3 31 30 29 47 36 46 47 59 35 43 34 35
A4 30 28 29 44 37 43 45 54 34 42 33 34
A5 28 36 29 44 35 40 43 52 32 46 31 44
A6 29 660 27 507 36 526 44 550 33 660 32 660

Table 14: Temperature distribution (oC) for treated and untreated coal stockpiles on 31/08/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 20 263 20 244 20 284 21 275 23 276 22 277
A2 21 40 21 34 22 30 24 33 25 35 23 36
A3 22 24 22 24 23 25 26 27 26 26 25 26
A4 22 22 22 24 23 24 25 26 26 25 25 25
A5 19 45 20 42 21 44 23 43 23 47 23 47
A6 19 498 20 420 20 459 22 428 23 440 22 440

Table 15: Temperature distribution (oC) for treated and untreated coal stockpiles on 1/09/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 20 273 20 264 20 272 19 280 19 273 18 278
A2 21 35 20 33 20 32 19 37 19 30 18 30
A3 22 24 22 24 21 24 21 24 20 24 20 24
A4 22 24 22 23 21 23 21 23 20 23 20 23
A5 20 43 20 42 20 42 19 42 19 41 18 43
A6 19 426 19 422 19 391 19 372 18 373 17 352

Table 16: Temperature distribution (oC) for treated and untreated coal stockpiles on 2/09/2020
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S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 64 86 64 88 63 89 66 93 67 90 68 93
A2 48 50 51 52 51 54 52 53 52 53 54 55
A3 42 47 44 48 47 49 59 49 60 50 60 51
A4 47 48 48 49 49 51 49 51 51 52 53 54
A5 44 57 46 64 46 57 45 56 45 59 48 60
A6 49 91 50 89 51 91 49 93 50 94 46 95

Table 17: Temperature distribution (oC) for treated and untreated coal stockpiles on 3/09/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 69 93 68 95 68 91 69 89 68 92 66 90
A2 56 55 55 57 55 55 53 55 56 56 54 54
A3 57 52 60 52 62 51 57 50 61 51 60 51
A4 51 54 49 53 51 53 52 52 49 53 50 52
A5 47 59 48 59 46 59 45 57 48 58 45 58
A6 50 94 52 95 51 90 49 87 54 91 51 83

Table 18: Temperature distribution (oC) for treated and untreated coal stockpiles on 4/09/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 67 89 69 91 70 91 68 91 69 93 68 92
A2 54 56 55 58 54 57 56 56 53 56 53 55
A3 60 52 61 52 60 53 61 53 61 51 59 50
A4 51 53 51 53 53 55 52 55 52 53 51 53
A5 43 58 46 59 48 59 47 59 48 57 45 58
A6 51 90 54 83 52 88 52 89 52 88 51 88

Table 19: Temperature distribution (oC) for treated and untreated coal stockpiles on 5/09/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 66 103 67 109 67 110 68 114 69 103 64 103
A2 55 60 60 61 58 61 61 61 61 59 56 58
A3 55 56 56 55 55 58 53 57 57 54 51 51
A4 48 56 50 54 50 56 50 58 50 53 49 50
A5 42 58 43 60 43 61 44 61 45 57 39 55
A6 49 82 52 91 51 89 52 91 51 82 46 96

Table 20: Temperature distribution (oC) for treated and untreated coal stockpiles on 6/09/2020
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S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 60 189 62 181 64 221 68 245 69 248 70 250
A2 50 53 54 58 53 60 58 61 61 61 60 61
A3 44 49 42 49 47 56 49 57 51 55 52 55
A4 43 51 42 53 45 57 49 54 51 53 53 56
A5 43 57 44 59 46 63 49 61 49 61 48 61
A6 49 157 49 162 50 210 52 211 56 211 56

Table 21: Temperature distribution (oC) for treated and untreated coal stockpiles on 3/09/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 69 533 65 534 65 527 63 520 64 498 63 509
A2 69 69 67 65 64 67 66 66 65 67 65 68
A3 66 63 62 59 63 59 60 59 61 59 62 61
A4 52 53 50 52 51 50 49 50 50 52 50 51
A5 35 57 37 54 33 54 31 54 33 55 32 55
A6 45 303 43 315 42 301 40 263 41 302 42 311

Table 22: Temperature distribution (oC) for treated and untreated coal stockpiles on 4/09/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 67 204 68 206 69 201 71 203 70 202 68 201
A2 64 72 65 85 67 73 67 73 66 67 66 71
A3 56 59 56 59 60 61 60 61 59 60 60 59
A4 50 53 49 53 50 58 53 56 52 55 51 56
A5 43 62 39 60 43 65 42 65 42 63 40 63
A6 50 93 50 94 50 103 53 114 55 92 52 98

Table 23: Temperature distribution (oC) for treated and untreated coal stockpiles on 5/09/2020

S1 S2 S1 S2 S1 S2 S1 S2 S1 S2 S1 S2

A1 61 103 59 104 58 107 60 107 58 106 57 104
A2 64 71 63 69 64 73 64 70 63 71 62 70
A3 60 57 58 58 60 58 59 57 58 57 58 57
A4 46 45 46 49 47 49 47 48 45 48 46 46
A5 33 45 33 46 34 47 36 47 35 46 34 48
A6 42 74 40 74 44 75 42 76 44 76 41 77

Table 24: Temperature distribution (oC) for treated and untreated coal stockpiles on 6/09/2020
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The following observations were made from the 
results presented in Table 4 to Table 24:
• The control stockpile has shown a higher 
 rise in temperature as compared to the 
 treated stockpile.
• The control stockpile started burning on 
 the 29th of August 2020 (day 9).
• Both stockpiles have shown the rise and 
 fall of temperature corresponding to the 
 rise and fall temperature of the 
 atmosphere.

• The rise and fall in temperature of the 
 control stockpile is higher than the 
 treated stockpile as in Table 4 to Table 24.
• The average temperature of the treated 
 stockpile is lower than the average 
 temperature of the control stockpile, 
 although they were the same 
 temperature at the beginning of the 
 investigation.
• Therefore, gypsum is a good antioxidant 
 of Sponcom on the coal stockpiles.

M H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Table 25: Temperature distribution (oC) for treated and untreated blastholes on 21/08/2020
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M H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3
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7
8
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13
14
15
16

Table 26: Temperature distribution (oC) for treated and untreated blastholes on 22/08/2020

Table 27: Temperature distribution (oC) for treated and untreated blastholes on 23/08/2020

M H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3
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Table 28: Temperature distribution (oC) for treated and untreated blastholes on 24/08/2020

Table 29: Temperature distribution (oC) for treated and untreated blastholes on 25/08/2020

M H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3
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4
5
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7
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13
14
15
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Table 30: Temperature distribution (oC) for treated and untreated blastholes on 26/08/2020

Table 31: Temperature distribution (oC) for treated and untreated blastholes on 27/08/2020

M H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3
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Table 32: Temperature distribution (oC) for treated and untreated blastholes on 28/08/2020

Table 33: Temperature distribution (oC) for treated and untreated blastholes on 29/08/2020
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Table 34: Temperature distribution (oC) for treated and untreated blastholes on 30/08/2020

Table 35: Temperature distribution (oC) for treated and untreated blastholes on 31/08/2020
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1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

M H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

A N N UA L R E P O R T 2020/21
w w w . c o a l t e c h . c o . z a74

M I N I N G

https://coaltech.co.za/
http://www.coaltech.co.za


Table 36: Temperature distribution (oC) for treated and untreated blastholes on 01/09/2020

Table 37: Temperature distribution (oC) for treated and untreated blastholes on 02/09/2020

M H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3 H1 H2 H3
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Table 38: Temperature distribution (oC) for treated and untreated blastholes on 03/09/2020

Table 39: Temperature distribution (oC) for treated and untreated blastholes on 04/09/2020
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Table 40: Temperature distribution (oC) for treated and untreated blastholes on 05/09/2020

Table 41: Temperature distribution (oC) for treated and untreated blastholes on 06/09/2020
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Table 42: Temperature distribution (oC) for treated and untreated blastholes on 07/09/2020

Table 43: Temperature distribution (oC) for treated and untreated blastholes on 08/09/2020
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Table 44: Temperature distribution (oC) for treated and untreated blastholes on 09/09/2020

Table 45: Temperature distribution (oC) for treated and untreated blastholes on 10/09/2020
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The following observations were found for the 
blasthole tests:
• The holes did not show a high rise in 
 temperature as observed from previously 
 mined out-strips.
• The temperature of the control hole is 
 higher than the temperature of the 
 treated holes. However, the difference in 
 temperature is not too significant.
• The holes appeared to be wet at the 
 bottom. This could have affected the 
 degree of spontaneous combustion.
• The antioxidant has a positive effect to 
 suppress the blasthole temperature. 
 However, testing may have to be  
 repeated in extremely hot areas. This 
 will require equipment that can withstand 
 temperatures in excess of 350oC.

Conclusion

Using the Wits-Ehac tests to predict the 
Sponcom liability of a coal sample, the 
retarding effect of selected antioxidants on 
coal properties and Sponcom liability were 
evaluated. Six treated and untreated coal 
samples were investigated under laboratory 
and field tests. 

Thirty (30) Sponcom tests were conducted 
to identify an appropriate mix ratio of coal 
and antioxidant for the selection of the most 
suitable antioxidant that can reduce sponcom 
in coal stockpiles with a minimal effect on coal 
properties. 

From the analysis, it was found that Sponcom 
liability obtained from the treated samples are 
lower than that obtained from the untreated 
samples, suggesting that less oxygen was 
consumed by the treated samples than by the 
untreated ones. 

MgCl2 which blended with coal samples among 
the other antioxidants, substantially decreased 
oxygen consumption, lowering the Sponcom 
liability more than the other antioxidants. 

Hence, MgCl2 had the best inhibitory effect on 
Sponcom liability followed by gypsum for all 
the samples considered. 

However, considering the performance 
evaluation, cost and applicability of gypsum 
being the aim of this study, gypsum proved to 
be economically viable as compared to other 
antioxidants. 

Hence, gypsum was selected for medium-scale 
tests because of these characteristics. 

Results from the field tests show an increase in 
the temperature distribution of the untreated 
stockpile compared to the treated stockpile. 

However, no significant temperature differences 
were recorded during the three-week period 
for the treated and untreated blastholes. Some 
water accumulation at the bottom of the holes 
were noted, which may have affected the test 
results. 

New research finds an antioxidant has a good 
inhibitory effect on the Sponcom of coal and 
provides an understanding of the mechanism 
of sponcom inhibition with respect to selected 
antioxidants and their influence on coal 
properties. 

The effects of gypsum on coal properties and 
Sponcom liability (mix ratio of 0.1 to 0.9) under 
laboratory investigation is yet to be compared 
with the field tests due to limited resources and 
other limitations. 

Hence, it would be most beneficial to the 
industry if further research can investigate these 
effects on large-scale tests at different coal 
seams taking into consideration coal quality, coal 
properties and cost performance, and evaluate 
whether the reaction of gypsum differs from one 
seam to another. 
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Detecting Preventative Safety Measures and Lifelines 
in Underground Coal Mines
PROF B GENC, DR M ONIFADE AND K O SAID

Mining is a dangerous activity and poses a high 
risk to both the ecological systems and the well-
being of the miners. 

Coal is mined through surface and underground 
mining methods and its extraction is normally 
characterised by numerous hazards that can 
lead to catastrophic accidents. These can have 
devastating effects such as injuries or deaths 
of personnel, ravaging of mining assets and 
damaging of mineral resources, amongst other 
things. 

These hazards exist due to the ability of coal to 
support combustion and its association with 
toxic, flammable and explosive gases. 

The accumulation of these gases can lead to 
explosions or can be inhaled, which could lead 
to respiratory poisoning. To avoid such adverse 
occurrences, there is a need to have proper 
safety management systems in place. 

This study reviews the various safety 
technological systems and principles that are 
being used for safe-rescue and self-escape of 
miners in the coal industry. 

This shows that practising safety culture 
has been given important priority across 
many industries through setting up safety 
management systems and encouraging workers 
to stay committed to the safety principles.

INTRODUCTION

The success of any industry is not only measured 
by its production capacity but also the ability 
to conduct operations in a sustainable and safe 
manner. The maintenance of safe operations 
requires continuous accurate identification of 
hazards, correct evaluation of related risks and the 
appropriate treatment thereof to eliminate the 
chances of accident occurrence. 

It is generally widely accepted within industries 
that various risk assessment methods aid in 
enforcing the safety of complex operations and 
equipment use. There is a statutory provision 
in many industries for risk assessment of all 
dangerous structures, machinery and facilities, 
considering the methods used for production, 
repair, supervision and management. 

This is important in the mining industry as its 
operations are characterised by significant 
risks that can compromise the health and 
safety of the miners. Keen attention is required 
from the workers as the hazards in any mining 
environment can be extremely harmful due to 
the presence of the sophisticated machinery and 
equipment used. 

It is noteworthy to mention that while external 
safety agents are normally used in many other 
industries, the coal mining industry requires in-
house safety personnel, commitment, practises 
and culture, which should be promoted on a daily 
basis by the workers. 
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Mine safety refers to the monitoring and 
management of a wide range of hazards in all 
mining operations. This entails enforcing legally, 
socially and morally acceptable standards of 
accepted hazard controls, in order to mitigate 
any risks related to all mining activities [National 
Institute for Occupational Safety and Health]. 

In the mining business, safety has been a major 
concern for decades, especially in underground 
mining. Although today’s mining is significantly 
safer than in previous decades, there are still 
mining accidents. 

Underground coal mining has traditionally 
posed one of the greatest risks for the health and 
safety of the workers. However, this has been 
greatly improved due to frequent safety trainings 
conducted to educate the workers about the 
relevance of occupational health and safety. 

In some countries, the regulatory emphasis has 
followed a commitment to hazard identification, 
risk evaluation, treatment and regulation, while in 
other countries, a prescriptive approach prevails, 
and yet in other places, there is a lack of national 
safety and health legislation. 

The quantity of harmful gases and airborne 
contaminants in underground spaces can be 
reduced by diluting them, capturing them before 
reaching the air host stream or by isolating 
the environment through seals and stoppings 
(NIOSH, 2015). 

Coal dust explosions in coal mines are normally 
caused by methane ignition. Similarly, mining 
equipment can produce sparks that are capable 
of igniting accumulated methane gas in coal 
mines. The hearing ability of miners can also 
be affected by heavy machinery used during 
operations such as breakage through the earth’s 
crust using roof bolters, which can produce 
sound levels of up to 115dB. 

Miners in the underground mines are also at 
risk of falling into deep pits that are excavated 
during mine development. Other hazards include 
increased temperature in deep mining spaces, 
which can result in causing heat strokes in miners 
and the usage of explosives can produce fly rocks. 
In addition, a significant amount of very fine 
particles can be inhaled, which affect the lung 
tissues in the long run due to excavation, crushing 
and transporting of coal during mining operations. 

Respirable coal dust can cause pneumoconiosis 
(also known as black lung disease), silicosis, 
lung cancer, and chronic obstructive pulmonary 
disease. 

Over time many major incidents in coal mines 
have been averted or ameliorated by the self-
escape of miners from dangerous environments. 
Self-escaping has been facilitated by using various 
aids. Currently, the passive self-escape techniques 
being used comprise signs, markers for indicating 
primary and secondary escape routes as well as 
lifelines. Other safety tools examined to help in 
self-escaping in the dark include safety canes for 
locating mine ribs and handheld laser pointers. 
Lifelines are important in underground coal mines 
to aid in self-escaping of miners by directing them 
to the escape routes. 

Lifelines function by providing signals using cones, 
spheres and cylinders that can be felt with the 
hands to direct miners to escape routes in dark 
areas, where visibility is poor. Other lifelines are 
used to warn of critical emergencies laying ahead 
of an escape route such as pitfalls and blockages. 
However, lifelines must be within the reach of 
the miner, which can be difficult under critical 
emergency situations for usage. For example, 
miners can typically become disorientated 
following a mining incident caused by poor 
visibility conditions resulting from an explosion or 
fire, so they may have difficulty locating a lifeline. 

The physical and geological complexities of 
underground mines together with mineworkers’ 
poor understanding of the underground 
structures or workings, could damage the 
environmental and operational resources of the 
mines. Despite the accurate mineral exploration 
technologies being used to locate minerals, the 
unexpected geological structures remain a critical 
hazard to miners working in such underground 
spaces, which increase the exposure of miners to 
hazards. 

Furthermore, most of the safety technologies 
being used cannot predict hazards well in 
advance. Due to the numerous hazard exposures 
in the underground coal mine environment, this 
study reviews the various safety technological 
systems and principles that are being used to 
minimise, control or eliminate hazards in an effort 
to promote mine safety and increase production. 
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SAFE RESCUE PROCESSES/PROCEDURES IN 
UNDERGROUND COAL MINES

For any coal mine, there should be a rescue team 
on standby to respond to any emergencies from 
hazards. However, the effectiveness of these 
rescue teams depends on the timely execution 
of self-escape procedures. 

Emergency response planning for safe rescue

Underground coal mines are characterised by 
numerous life threatening hazards such as fires, 
explosions, toxic gases, dust and mine collapse 
However coal mine fires are the most devasting. 
When such emergencies occur, it is required 
that miners evacuate the mining premises 
immediately and in a safe manner. In order to 
achieve this, this study proposes the following 
seven steps to be adhered to, in order to achieve 
an optimum safe rescue/escape operation as 
indicated in Table 1.

RESPONSE PLANNING FOR SAFE RESCUE KEY ISSUES TO CONSIDER

1 CLEARLY UNDERSTAND THE 
ONGOING MINING SITUATION

• Type of mining method used.
• Mine map and the major exits.
• Safety operation procedures.
• Total number of miners working in the underground mine.
• The distance and conditions of escape routes.

2 FACTOR IN ALL THE NATURAL 
HAZARDS PRESENT IN THE 
MINE

• Heat and humidity.
• Water inundation.
• Dust production.
• Harmful gases present. 

3 IDENTIFY ALL RISKY 
ACTIVITIES

• Handling of harmful substances such as fuels and detonators. 
• Storage of explosives. 
• Blasting activity(ies).

4 CONSIDER OCCURRENCE OF 
UNEXPECTED INCIDENTS

• Failing of ventilation system(s). 
• Leaking of gases and eruption. 
• Heat from machinery and friction. 

5 IDENTIFY POSSIBLE 
HAZARDS

• Insufficient breathable air. 
• Fires.
• Explosions. 
• Mine collapse.

6 ASSESS ALL THE 
POSSIBLE RISKS

• List and evaluate all risks according to degree of damage.

7 DEVELOP AN EMERGENCY 
RESPONSE PLAN

• Prepare an emergency plan.
• Provide emergency equipment.
• Ensure appropriate emergency training.

Table 1: Steps to be taken for optimum safe rescue
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Safe rescue of miners in underground coal fire 
emergencies. 

Fire explosion is the leading hazard in hard coal 
mines that normally leads to serious injuries 
and deaths. With exogenous fires being more 
hazardous than coal mine fires, they are rare with 
very minimal possibility of occurrence. Whenever 
a fire breaks out in longwall mining, miners 
should evacuate to the surface using escape 
routes that have not been affected by toxic gases 
emitted from the fires. However, literature does 
not clearly state the condition that must be 
complied with in designing of escape routes. It 
only specifies that one must note the safe ways 
of evacuating workers from the mining zones, in 
case of fire outbreaks that also create conditions 
of poor visibility. The efficiency and effectiveness 
of any escape route depends on numerous 
human and technical factors.
  
The technical elements include: 
• Design of the escape route heading, 
 machinery or equipment in the route 
 heading such as conveyors, withdrawing 
 direction. 
• The upwards or downwards inclination 
 angle.
• The position of communication systems. 
• Markings of the escape route.
• Escape respirators.
 
The human factors include: 
• The skills to use escape respirators. 
• The knowledge of how to carry on 
 through the escape route. 
• Resistance to stress-related conditions 
 arising in the heading due to the fire and 
 decision-making capabilities in the course 
 of staff self-rescue operation.

The study by Badura et al (2017) analysed crew 
evacuations during fire hazards between 1990 
to 2013. The study indicated that 2,574 miners 
were evacuated from affected headings. Out of 
this number, 1,312 were from coal spontaneous 
combustion fires and 1,262 were from exogenous 
fires. The largest number of miners evacuated was 
in 2005 at the Bielszowice hard coal mine. The fire 
was caused by short-circuiting of a 6kV cable duct 
on the surface connected to the downcast shaft. 
Due to that, 488 people were evacuated from the 
underground headings. A huge amount of smoke 
occurred in the heading of escape routes and 
reduced visibility in Bielszowice mine. 

This necessitated equipping escape routes with 
directional signages to allow proper guidance 
during escape. 

Mining companies utilise various techniques 
to mark escape routes and directions for crew 
evacuation, but metal signs that are well labelled 
according to the heading location and direction 
of evacuation for escape are mostly preferred. 
However, such methods are not effective in dense 
smoke, and therefore, a more effective method 
providing better visibility is required. 

THREE SAFETY MEASURES FOR SELF-
ESCAPE FROM UNDERGROUND COAL MINES

Despite the intense research in improving the 
occupational health and safety of workers in 
most coal mines, there is still a need to look for 
better solutions to improve the safety of miners, 
especially in escaping from emergencies that 
are life-threatening. The study by NIOSH (2016) 
involving miners, rescue crew, safety officers 
and researchers, indicated that escaping very 
early during underground mine emergencies 
is critical. Thereafter, researchers at NIOSH 
conducted a study that considered behavioural 
and environmental conditions as well as miners’ 
skills that facilitate the successful escape of 
miners from underground coal mines.

Self-escape procedures/processes

Self-escape from emergencies in underground 
mines cannot be a personal effort but rather 
involves a collective effort. To successfully rescue 
miners takes a  collective effort from numerous 
crews and personnel. However, there is a need to 
emphasis self-escape to motivate each miner in 
an underground mine to make as much effort to 
rescue his/herself rather than wait to be helped. 
Even though scenarios of self-escaping normally 
occur in operations, where there is a group of 
workers, the ability to follow the commandments 
of a safety officer also requires one’s initiative to 
survive the emergency. It is necessary that all 
workers in any underground mine be fully ready 
to respond immediately whenever an emergency 
occurs, either to prevent it from escalating or 
to escape. The main issue here is the ability to 
escape well in advance before an accident occurs. 
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Therefore, any mine should have the best 
conditions possible to aid an successful self-
escape. 

This is only possible by ensuring that all safety 
facilities are adequately available and installed as 
well as keeping the workers informed and aware 
of these facilities. Also, the workers should be 
assisted in comprehending and complying with 
safety laws. 

The process of self-escaping has eight connected 
steps that are generally divided into four phases, 
namely: prevention or preparation, detection, 
assessment and escape, as indicated in Figure 1. 

The first phase - prevention or preparation is 
a crucial stage that constitutes the efforts to 
reduce the occurrence of hazards that could lead 
to incidents and maximise preparation against 
devastating effects. 

Performing safety drills for workers also has a 
positive impact in preparing workers to escape. 

The detection and assessment phases, whereby 
all miners need to recognise and consider the 
available safety resources, decide on the extent of 
the emergency and which escape route to use in 
order to escape. 

After detecting and confirming hazardous 
situations, evacuation of miners must be done 
immediately. An important aspect of self-escape 
is the ability to react in a timely manner to enable 
the success of evacuation from risky outcomes of 
exposure to hazards.

Figure 1: Timeline indicating phases for escaping from an underground coal mine 
(Australian Building Codes Board, 2005)
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Human-systems integration approach

The process of self-escape entails teamwork 
either directly or indirectly, before and 
during the evacuation process in a dynamic 
environment. The achievement of successful 
escaping directly depends on the safety 
resources available, the response of the rescue 
team and the miners. Therefore, the human-
systems interaction approach evaluates the 
quality of interaction amongst people, tasks and 
technology in order to attain a goal, which is a 
safe self-escape operation. The most important 
aspect of human-systems interaction is to 
maintain information during the interaction that 
will aid in successfully completing the mission. 

However, when these systems are considered 
individually or in isolation, messages may be lost. 

Hence,it must be considered that various people 
differ in cognitive, perceptual and physical 
capabilities, which affect how they engage during 
such missions. It is also significant to know that 
these interactions arise in an organisation and 
are affected by both contextual and surrounding 
environmental factors that can either aid or 
limit the success of equipment and technology 
in facilitating the completion of tasks. Human 
abilities and limits exist in a dynamic system that 
may differ based on both external and internal 
factors, as indicated in Figure 2.

Figure 2: Human-systems integration model for self-escape (National Research Council, 2013)
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Mine Emergencies: the human-systems 
aspects of self-escape

Over a long period, the mining industry and 
its workers have been keeping up with ever 
evolving technology to prevent or respond to 
mining emergencies. 

People

During any emergency in underground 
mines, the successful escape of any miner 
requires the cooperation of several people, the 
individual miner, the group or team and the 
communication crew.

Therefore, this section discusses the role of 
the individual miner, group(s) or crew(s) and 
the communication centre(s) in ensuring the 
successful escape of an individual miner from 
an underground mine during emergencies. 

Also important are the roles of other personnal 
prior to the escape of a miner. This includes 
maintaining conducive safe working conditions 
and preparing the mines for rapid emergency 
response. 

To ensure the underground mine has  the 
nesessary safety facilities to respond requires a 
continuous and dedicated effort.

The individual miner
An individual miner normally joins the mining 
industry by undergoing intensive training for 
his or her role as well as safety induction. 

In some countries, such as the United States 
(US), new miners are required to wear different 
coloured hats to distinguish them as new 
miners for a period of six months until they 
understand their roles and the safety codes of 
conduct within the underground mine. 

MSHA regulations require that all miners get at 
least 40 hours of occupational health and safety 
(OH&S) training during their first year and eight 
hours of OH&S training in all other subsequent 
years. 

Another important aspect worthy of noting 
is that the health of miners is crucial in 
contributing towards a successful escape. For 
example, some miners may be suffering from 
chronic illnesses or lifestyle diseases. 

Therefore, such miners will be significantly 
challenged to escape without being helped 
therefore requiring the assistance of 
equipment. 

When creating the self-escape strategy of 
any mine, the safety officer needs to factor in 
the various physical abilities of miners, any 
contingencies that may occur if miners get 
injured in the process of escaping and all other 
possible situations created by emergencies. 
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Groups or teams
The solidarity of any group of coal miners in 
any underground mining operation contributes 
largely to how an individual responds 
when faced with an emergency. When any 
emergency occurs, such as a fire outbreak in 
an underground mine, a new group known as 
the escape group will be immediately formed, 
comprising of miners who may or may not 
have previously worked together to handle 
activities, which are different from their daily 
work roles/tasks. During such scenarios, the 
surrounding environment and the emergency 
tasks will determine the group dynamics and 
the decision-making process. When miners 
are in an emergency, they tend not to work as 
a properly established working team that has 
been trained to cooperate well. This is mostly 
due to the mindshift of being in a hostile, 
hazardous and life-threatening situation. This is 
not a criticism of the miners, and many miners 
have worked well in escape groups to achieved 
a successfully ecape mission. It is crucial to 
understand that the training and organisation 
of miners are primarily optimised for mining 
and producing coal, whereas that of a safety 
officer is to respond to such emergencies, 
hence. Therefore they may not necessarily form 
an effective escape group. 

Self-escape missions mostly need to be 
supported in groups, so teamwork is an 
important attribute in a successful self-escape. 
Miners should quickly form escape teams and 
delegate roles amongst the team members 
towards achieving the common goal of 
escaping. This will not only save time but also 
allow for effective brainstorming for all the 
possible solutions on how to quickly escape 
and pick the safest strategy.

Communication centres and responsible 
persons
Communication centres are important support 
systems in the decision-making procedure for 
miners escaping during emergencies. Such 
centres can be positioned immediately within 
the surface infrastructure of the mine or far 
from the site, where reception is good. 

Despite their location, they are important in 
relaying and processing information during 
emergencies. These centres must be installed 
at all underground mines to pass information 
to escaping miners, to guide them during that 
process. However, the most important person 
in any of these centres is the ‘responsible 
person’ at the surface, who can clearly decipher 
information and can communicate clearly with 
the miners to update them about the rescue 
operation. Such people require extensive 
training especially in decision making and other 
non-technical skills. 

Technologies

Emergency scenarios normally tend to stress 
miners and this may alter their basic reasoning 
abilities. Despite this, miners working in 
underground coal mines must understand well 
enough how to correctly use various safety 
equipment such as self-contained self-rescuers 
(SCSR) and compressed air breathing apparatus 
(CABA) in harsh conditions, for example, in 
complete darkness and smoky environments, 
even when they cannot think rationally/clearly. 
This is achievable through extensive training 
that enables the safety response to be habitual 
in case of situations that compromise safety. 
The study by Beilock and Carr (2011) reported 
that the ability to acquire skills by individuals 
increases through various stages, which are 
characterised by the difference in the memory 
operations’ supporting performance of the 
individual. During initial stages of learning, 
skills and execution are normally supported 
by functional memory, which is monitored 
in a stepwise manner. Procedural awareness 
unique to the assignment, however, evolves 
with practice. Procedural awareness primarily 
functions outside of working memory and needs 
no continuous control. Thus, unlike the earlier 
stages, once a skill is reasonably well learned, the 
step-by-step regulation of execution may not 
require attention. 

Another technique to classify the various types 
of thinking that occurs at different skills levels is 
the “skill, rule knowledge’ approach. 
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The terms - skill, rule, and knowledge - generally 
define the degree of a person’s conscious 
control over what he or she does. Therefore, it 
is significant to train miners how to use various 
safety equipment frequently, so that they form 
a habit of automatically using them when the 
need arises. 

For example, miners need to be properly trained 
on how to use breathing systems, so that when 
working memory has been affected by stress, 
the miner does not make bad decisions. 

To build up habitual responses, the miner needs 
to know what is to be expected from using 
various safety gadgets. 

Adding on to that, it is important that miners are 
trained to solve problems on the spot so that 

they get used to solving unexpected events. The 
study by Beilock et al (2002) reported that when 
procedures are clearly stipulated for every task, 
humans are left with some cognitive resources 
to deal with other problems. 

Therefore, the usage of every safety equipment 
needs to be clearly stipulated in a procedure, so 
that miners have the reasoning capacity to deal 
with other problems while in self-escape mission. 

Various technologies assist miners when 
escaping during emergencies. Some of these 
include the technologies for daily mining but 
some are intended for occupational safety 
purposes such as self-escape. Some examples of 
these are briefly described in Figure 3 with their 
limitations, to allow for improvement.

Figure 3: Categories of respiratory escape equipment

Sources of oxygen
To survive any underground mine emergency, 
it is important to have access to breathable 
air. Most mining emergencies normally result 
in the production of toxic gases and lack of 
ample breathable air, which lead the miners to 
suffocate. To overcome this hazard, technologies 
have been developed to provide miners 
with ample amount of breathable air in any 
emergency. 

The study by Bollinger and Schutz (1987) 
classified types of breathable air, as indicated in 
Figure 3. The study noted that the breathable 
air supplied can be classified as either those 
operating in a closed circuit or those operating 
in an open circuit system. The closed-circuit 
systems are known as SCSR systems and function 
by providing oxygen to miners, while removing 
moisture and carbon dioxide produced during 
exhalation. 
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Weighing between three to six pounds, the 
SCSR work after the miner inserts a mouthpiece 
in the mouth. This process exposes the SCSR 
to moisture, which then triggers a chemical 
reaction that produces oxygen. When using 
these systems, breathing resistance increases 
with time and generates heat due to the 
production of oxygen. Accumulation of this heat 
can be severe and cause burns to the miners 
using them. The insertion of the mouthpiece 
in the mouth also hinders talking, thereby, 
reducing communication. 

On the other hand, open-circuit systems 
normally produce oxygen under pressure from 
a compressed gas cylinder, known as CABA. 
These systems have a full-face mask unlike 
the SCSR, which only has a mouthpiece. Since 
SCSR generates heat, gives limited air flow rate 
and limits communication, CABA are gaining 
popularity in many countries such as Australia. 
However, both open and closed systems can 
only support breathing up to 90 minutes, 
thereby, requiring replacements during long 
rescuing or evacuation missions. 

Gas monitoring
Real time gas measurement is important 
in underground mines to alarm the miners 
when ceiling limits are almost reached or to 
guide miners during escape or evacuation. 
It is important for every miner to know the 
air quality of every point in the underground 
mine, especially at escape routes. The air quality 
is determined with the help of personal gas 
monitors, which can determine main gases 
of concern such as methane, CO, CO2 and O2. 
Where possible, such devices should be issued 
to all underground miners and if the numbers 
are limited, then the main workers at various 
areas should have these devices readily at hand/
available. 

Fixed air quality monitors should also be 
installed at various points at underground 
mines. For example, in the US such fixed gas 
monitors are normally installed in conveyor belts 
to enable detection of CO, due to conveyor belt 
heating. Other than that, US coal mines have 
methane monitors on longwalls as well as on 
all machineries such as shearers, midfaces and 
tailgate drives. Also, stationary CO detectors are 
installed in battery-charging stations and fuel 

storage stations, and from fan charts found in 
air shafts and mine seals, more gas information 
can be obtained. Similarly, Australian safety 
regulations require the installation of gas 
detection systems at all operating parts of mines 
and at unsealed goaf areas in return airways 
(Queensland Consolidated Regulations, 2001). 
These systems consist of a series of sensors or 
tubes, which extract the air from the mine and 
transport it back to the surface for analysis. This 
enables continuous monitoring of mine gases 
such as methane, CO, CO2 and O2. 

Refuse stations/safe havens
When wearing a self-rescuer of any sort, the 
distance covered relies more on the miner’s 
physiological abilities than on the efficiency of 
the self-rescuer. In mines where the places of 
safety are far apart, self-rescuers need to have 
longer lifespans. Due to the limitation of the 
timespans of self-rescuers, there is a growing 
tendency for the Emergency Escape Plans (EEPs) 
not to rely on the use of self-rescuers. 

The implementation of refuge stations should be 
taken into account, where the workforce shelters 
in sealed, fireproof structures that provide safe 
havens for evacuating personnel to rest in and 
change self-rescue workers. The use of refuge 
stations has been in use in South African and 
Canadian mines, where miners seek refuge 
during emergencies. However, this concept is 
still new in some countries. 

Wayfinding
Efficient wayfinding out of an underground mine 
relies heavily on whether the miners know their 
location in relation to the safest routes/paths to 
take in order to self-escape. Technologies that 
assist with this process include signs, lifelines, 
headlamps for lighting and communication 
systems. 

However, such technologies are liable to be 
affected by smokes, fire, harsh conditions, etc. 
For instance, headlamps are prone to failure 
once batteries are drained, signs can be blown 
off during explosions and lifelines can be 
destroyed. 
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To overcome such problems, these technologies 
can be complemented with the usage of 
glowing sticks and chemical sticks that can last 
up to 12 hours. Also, metal configurations can be 
used to show signage riveted on the doors.  

Canes can also be used to assist miners in 
comprehending what structures are around 
them such as crushers and conveyor belts, when 
in total darkness. 

The common practice in numerous mines of 
marking escape routes with reflection signs and 
symbols has disadvantages. 

It is important to keep the signs clean, in good 
shape, and up to date, as mine personnel often 
pay little attention to reflective route/way 
markings and reflective markings in low visibility 
environment. 

To overcome these disadvantages, passive 
lifeline technologies and active electronic audio-
visual guidance systems have been used to build 
guidance systems.

Whichever method is considered, it must achieve 
the following to the greatest extent possible:
• Significantly increase speed of egres.
• Be useful in extremely low visible 
 conditions.
• Not provide vague directional information.

• Provide audible, visual and tactile signals.
• Be of low cost with minimum 
 requirements for maintenance.
• Accommodate differences in mine layout, 
 working practices, culture and language. 
• Offer a high integrity and preferably fail-
 safe operation.
• Not depend on background lighting 
 [idem].

Other guidance systems for wayfinding in 
low visibility conditions have been developed 
and include: passive guidance systems, active 
guidance systems and instrument meteorological 
conditions (IMC) egress beacon systems.

Lifelines
Lifelines are common safety aids used for 
guiding miners to designated escape ways using 
directional cones to show the correct travelling 
direction. 

These cones can be seen in dim lights or can be 
felt by hand in darkness. Safety regulations for 
every country normally stipulate the minimum 
distance allowed between cones. 

Lifelines may also be used to indicate other 
safety facilities such as personal door and refuge 
chambers, as illustrated in Figure 4.

Figure 4: Lifeline indictors
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Vision aids
Low visibility is a common hazard during mining 
emergencies due to power outages or dense 
smoke from fire. This necessitates proper lighting 
technologies and equipment to be installed to 
provide lighting needed for vision during such 
emergencies. 

Currently, miners use cap lamps connected on 
their caps. Although the latest lamps require 
frequent charging, the ones of older technology 
could last for more than 20 years. However, they 
were heavier due to the bigger batteries with 
wires that the possessed. 

Other vision-aiding equipment are googles and 
eyeglasses that offer protection to miners from 
irritation especially at dusty, smoky or polluted 
underground spaces. However, these do not aid 
vision in extreme darkness. A good technological 
invention can incorporate thermal imagery 
with googles to assist miners with vision in dark 
spaces.

Communication and tracking equipment
The maintenance of communication inside the 
mine and on the surface during operations is 
usually a tough task. Due to the continuous 
mining operations, communication systems 
need to progress together with the mining 
crew. Communication systems, therefore, 
need to be robust enough to withstand harsh 
mining environments such as extreme humidity, 
corrosive water and electrical characteristics 
of coal that can tamper with communication 
signals and cause numerous interferences. 

These systems should also be safe to use in 
underground mines, so as not to pose any 
hazards. To overcome all such limitations and 
hazards, a combination of both wired and 
wireless connections are needed to create a 
robust communication system.

Functional design of technologies
Technology is crucial in ensuring efficient 
self-escape from any underground mine 
emergency. A human-systems integration 
approach places primary importance on the 
person operating the system by placing the 
use of these technologies as the centre of the 
design process. 

Despite the invention of new technological 
trends in mine safety, complete reliance on 
these technologies may not be the best choice 
for the miner involved. 

For example, a miner in limited space and with 
limited strength cannot monitor, comprehend 
and synthesise information from various safety 
devices delivered in numerous formats. 

Therefore, while considering the design of 
technological systems for safety in underground 
mines, the user and human behaviour should 
be placed at the centre. Examples include 
the human aspect in decision-making, 
comprehending and assimilating information as 
well as responding in the required manner. 

However, safety technologies must meet 
several requirements before they can be 
considered suitable for underground mines. 
These requirements include size and weight 
etc. A miner can only carry a limited amount 
of equipment during a state/condition of an 
emergency. 

This equipment must be easy to be deployed 
and understand. Failure of miners to understand 
how to use these technologies will only mean 
that miners will not use them. 
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SAFETY TRAINING REQUIREMENTS FOR 
SAFE RESCUE OPERATIONS

The process of mine rescue and recovery is 
normally complex and involves interconnected 
activities. The manner in which mine rescue 
teams respond to any situation depends on the 
type of emergency and the kind of mine being 
accessed. The condition inside an underground 
mine will dictate what the emergency crew 
should do to rescue miners and control hazards, 
where possible. Rescue teams are tasked 
with roles from exploring the affected mine 
areas, searching and rescuing survivors to 
administering first aid and firefighting. For any 
underground coal mine, the rescue team should 
be a minimum of five well trained and equipped 
crew members and one standby. 

The six members normally consist of:
• A captain that leads the team.
• The person in charge of gas detection, 
 who backs up the captain and checks for 
 the presence of harmful gases.
• The person with the mine map,  
 tasked with navigating through various 
 locations in the mine.
• The person with the stretcher.
• A co-captain, who relays information 
 between the briefing officer and 
 underground workers.
• The briefing officer, who stays at the 
 fresh air base on surface linking the 
 rescue team with the command centre 
 orders.

Before participating in any rescue team, each 
member of the coal mine rescue team must have 
not less than 20 training sessions as prescribed by 
MSHA (1999) on how to utilise, care and maintain 
various safety apparatus in rescue missions. 

The main problem with safety training 
programmes is that the focus is more on the 
training period and frequency than on the 
mastery of the training. Also, escape training 
programmes in the mining industry appear to 
have just been designed to meet the minimal 
compliance requirements of statutory law. 

Therefore, although miners are required to 
demonstrate mastery of skills, it appears as if 
they are just made to attend training sessions 
as a formality. Hence, every management 
should assess training programmes conducted 
to ensure that all miners can adequately 
understand and master various safety 
protocols such as self-escape, donning of 
safety equipment and maintaining effective 
communication during emergencies. Added to 
the problems highlighted is the limited number 
of training organisations that can impart useful 
safety knowledge. The number of training 
facilities for teaching miners how to self-
escape are insufficient, especially with regards 
to facilities that can simulate various mining 
emergencies, such as mine fires. To ensure 
effective training, the training design should be 
developed in a systematic manner to ensure that 
it covers all necessary knowledge that is crucial 
for miners to survive any emergency. 

The essential factors for a sound training design 
include: 
• Determining the specific training needs 
 necessary for that specific underground 
 mine.
• Understanding the objectives, carrying 
 out a pilot test for the design.
• Evaluating both the learners and the 
 developed design. 

The fundamental goals of any training design 
should be to ensure proper retention of 
knowledge, skills and abilities by miners. For 
effective training, the learning sessions should 
provide similar situations as to what the learners 
will encounter during emergencies. 

Upon completion of the safety training, it is 
important to conduct workforce analysis to 
evaluate the effectiveness of the knowledge 
acquired. This will also serve to evaluate the 
trainer’s competence in helping the miners 
retain the proper safety techniques and identify 
areas that they need to improve on at the next 
training session.
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Additionally, safety training in the mining 
industry should be conducted in a systematic 
manner that will be helpful to both the miner 
and the company. This approach should consider 
self-escape training using two perspectives. 

The first perspective includes self-escape 
training for miners as individuals as well as being 
part of an escape group. 

Secondly, self-escape training should be 
conducted for the responsible team, which 
consists of the responsible person, the people 
staffing the communications centre at the mine 
site, and the other one or two persons, who 
are designated to assist the responsible person 
during the escape process. 

Regardless of the team members, and the roles 
they perform during mining operations, all the 
members of a responsible person team always 
need to be capable to assume the role of a 
responsible person. 

Hence, training should be done adequately for 
the miners, the responsible person and the team. 

In the mining industry, trainings have been 
historically conducted with minimal integration 
between these groups. However, despite the 
trainings being different, it is now imminent 

for these trainings to be coordinated to allow 
the groups to exercise their roles and improve 
on their weak areas. Such simulations will also 
help the surface personnel in refreshing their 
knowledge of the escape procedures before 
using them later in drills. 

Lastly, it is important to have emergency drills 
regularly for all miners that will be involved in 
any escape situation. 

Practical training is very effective, as the 
situations under which miners are trained are 
similar to what they may encounter during 
emergencies. 

The usage of technology-infused training is also 
considered effective especially for young miners, 
as they tend to already get positive exposure 
from videos games and virtual reality. 

However, such technologies need to be tested 
and validated to determine whether they 
meet the standards of training for mine safety 
protocols. 

Technological training will need to be 
supplemented with more tools under the 
supervision of a safety expert to ascertain 
that miners have actually gained the required 
competence from the training.
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SUMMARY AND CONCLUDING REMARKS

Summary

Coal mining is characterised by numerous 
hazardous activities that require proper safety 
management systems to be set in all coal mining 
companies. Poor mining practises cannot only 
damage the equipment and machinery, they 
can also lead to loss of human life. Therefore, 
adequate systems should be put in place to 
avoid devastating accidents. Old technologies 
should be replaced with modern technologies 
in to ensure efficient and effective management 
of mine safety. Coal accidents have long-lasting 
devastating effects on all stakeholders involved 
in coal mining operations. Therefore, this 
demands that the safety management systems 
at coal mines should be effective and prepared 
to handle emergencies in a timely manner. 

Due to the unique hazards found in mining 
activities, stringent safety measures need to 
be adopted to eliminate the possibility of 
catastrophic accidents from taking place. Having 
a safe mining environment will not only save 
the lives of miners, it will also protect the main 
mining assets from being ravaged. 

Miners should be provided with adequate 
personal protective equipment (helmets, safety 
boots, gloves, dust masks, glasses and breathing 
aids) to safeguard them from getting injured. 

Proper safety facilities should be installed in all 
mines for fire alarms, gas monitoring and mine 
ventilation. Where blasting is required, water-
based emulsions and electronic detonators 
should be used due to their advantage of 
allowing the miners to verify the blasting system 
before firing.

Mines should have clear signs to guide their 
workers during situations that require escape to 
the nearest escape routes. Where visibility is poor, 
lifelines should be used to direct miners for self-
escape. Lifelines should be put within the miners 
reach and they must be able to understand their 
indicative directional signals. Also, miners should 
be trained on how to communicate clearly with 
the central communication centre in case of an 
emergency to enable the rescue crew to evacuate 
trapped miners. 

All miners should be well conversant with the 
various safety gadgets such as SCSR and CABA, 
so that they can promptly put them on if they 
encounter toxic gases. Where self-escape is not 
possible, miners should know the exact location 
of refuge chambers. 

Any development done in the underground 
spaces should be updated on the mine map 
and shared among all miners in order to know 
about hazardous areas to avoid, escape routes 
and various refuge chambers. Communication 
systems should always be kept running to allow 
miners to seek help from the response centres 
in case of emergencies. Above all, it is important 
that all miners promote a safety culture within 
the mines to generally create a safe and 
conducive working environment. 

Concluding Remarks

Coal mining companies should continue to 
promote a safety culture within the mine, from 
the top management to the casual workers. 

Promoting a safety culture will encourage miners 
to stick to the safety rules and suggest any safety 
recommendation(s) that can be implemented 
to improve safety of the mining environment. In 
many activities or operations in mines, it might 
not be feasible to completely remove some 
inherent hazard(s) or exposure to such hazard(s), 
which means that the risk associated with such 
a hazard might never be eliminated. However, 
it is necessary for the employer to plan ways 
of managing and controlling such activities, 
products and services so as to minimise the 
frequency and severity of losses in the safety and 
health of all affected stakeholders. 

All miners should be trained on safety practices 
in a regular manner to continuously equip them 
with the necessary skills required to maintain 
safety in underground spaces. They also need 
regular training on how to employ self-escape 
techniques needed during emergencies.
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Summary Report of the Potential of Revegetation on 
Non-Top Soiled Substrates Associated with Coal 
Mining in Mpumalanga South Africa
J HUMAN AND W TRUTER

Agricultural and industrial activities have greatly 
accelerated the pace of soil degradation. The 
mining industry plays a major role in the South 
African economy, and can often contribute to 
certain environmental challenges, with respect 
to soil degradation. Three of the most common 
factors that characterise degraded substrates are 
soil acidification, nutrient depletion and loss of 
biological activity.

Figure 1 below is a simplistic schematic 
representation of the opencast strip-mining 
value chain. With reference to the topsoil 
activities within the value chain, topsoil is 
stripped before the rest of the activities get 
to the area. This topsoil is then placed on the 
rehabilitation area, reshaped and eventually 
seeded. This whole cycle is to return the area to 
the required pre-mining capability.

Figure 1: Opencast strip-mining value chain

In terms of opencast mining operations topsoil 
is a very precious resource and the management 
of this resource is critical for achieving post 
mining land capability commitments, reducing 
of liabilities, and leaving behind a positive legacy 
by achieving sustainable development. 

However, on most opencast operations there 
is a shortfall in topsoil availability from topsoil 
stockpiles and ahead of the cut for placement 
on the reshaped spoils, which means achieving 
the post mining land capability commitments 
set out in the Environmental Management 
Programme (EMPr) is very unlikely.
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The lack of topsoil or alternative capping layer is 
not limited to opencast mining. The long-term 
surface storage of run of mine coal stockpiles 
and discard coal stockpiles (Figure 2) can be 
associated with severe environmental impacts 
including combustion, rainfall infiltration and 
acid seepage.

Bioremediation could degrade, absorb, or 
purify soil contaminated by pollution. The 
physical and chemical modification of the soil 
is expensive. However, because bioremediation 
can simultaneously change the environmental 
quality of air, water and soil, it could reduce 
pollution that is hazardous to humans and 
promote landscape development.

The successful use of microorganisms is 
dependent on various factors, the co-inoculation 
of fungi and bacteria with inorganic fertiliser 
have been proven to be more effective in 
reinstating soil fertility than using a single 
inoculum. 

The development of Fungcoal was specifically 
aimed to address the topsoil shortage in 
the rehabilitation of coal discard dumps and 
opencast spoils. Fungcoal makes use of the 
symbiosis between fungi and plants to promote 
the biodegradation of weathered coal, resulting 
in the development of soil-like material that 
encourages the growth of vegetation. 

Anglo adapted the methodology by replacing 
weathered screened coal as a carbon donor with 
humic and vulvic acids. 

Previous studies conducted yielded positive 
results with the suppression of acidification 
and salinisation promoting humic acid like 
substances enrichment to support the growth 
and establishment of vegetation supported by 
the current study.

FINDINGS

Sustrate assessment to act as growth medium

The removal of the organic nutrient rich layer 
of the soil profile causes nutrient depletion 
leading to poor soil fertility, a change in 
structure and the soil’s ability to hold water.  

Vegetation is dependent on nutrient rich soils 
to ensure a sustainable productive system. Key 
nutrients in soils are nitrogen, phosphorus, 
potassium and iron. These nutrients also play 
a key role in successful crop production. A 
three-phased approach for soil remediation was 
conducted for both sites. The outcome is shown 
in Figures 3 and 4.

Figure 2: Typical coal waste stockpile in Mpumalanga
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Figure 3: Mine A phased amelioration soil chemical comparison

Figure 4: Discard dump phased amelioration soil chemical comparison

Mine A Control Mine A No Mulch Mine A Mulch

Discard Dump Control Discard Dump No Mulch Discard Dump Mulch
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From the results enough nutrients are available 
for plant growth and this should be maintained 
for a period to ensure sustainability. No significant 
shortfalls have been observed in the 16-month 
period after initial fertilisation. This is a good 
indication that vegetation will have enough 
nutrients over multiple growing seasons.

SOIL COMPACTION

The results of the resistance on 21 treated plots 
have been plotted against the control. The 
result is not significant as can be observed from 
the graph below, with the variation between 
mulched and un-mulched plots insignificant.

Figure 5: Penetrometer analysis

Time plays a significant role to allow the fungi to 
effectively break down the material. Therefore 
it was expected that no immediate observation 
in compaction reduction would be observed. 
However, it is important to report on the 
substrate fraction of both opencasts backfill and 
the Mineral Residue Deposit Facility (MRDF).

The biggest challenge occurred on opencast 
backfill, with the large rock component making 
it extremely challenging to work the area with 
agricultural equipment.

The large rocks posed a critical flaw to the 
approach and a solution was sought to 
overcome this challenge. 

In the South African winelands in the Western 
Cape, farmers are challenged with shallow 
Glenrosa soil (Figure 6 in the far-left image the 
large rock material.) forms that requires rock 
breaking intervention before the establishment 
of grapes. The same type of equipment was 
brought up to test the applicability in the mining 
environment. The trial was very successful as 
can be observed in the image on the far right in 
Figure 6.

Figure 6: Rock pulverising at the opencast backfill
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SPECIES COMPOSITION AND COVER

Species composition and cover is an effective method to support the hypothesis that if the 
calcium and magnesium ratio of the substrate is corrected and sufficient chemical fertiliser is 
provided along with co-inoculation of microbes that include coal solubilising microbes as well 
as plant growth symbiotic microbes, a healthy and possible sustainable vegetation community 
can be established. This will curb further environmental pollution and create an acceptable post 
mining land use to all stakeholders.

The trial sites are now dominated by tufted perennial grasses. Figures 8 and 9 provide a good 
overview of the crown cover provided by the vegetation. The graphs indicate the transition from 
establishment phase to climax and subclimax phases.

Figure 7: Collecting basal cover data using the line intercept method

Figure 8: Discard dump vegetation analysis
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Figure 9: Mine A vegetation analysis
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POT TRAILS

In parallel with the field trials, a small pot trial 
was conducted to look at vegetation crown 
cover over a shorter period. 

Opencast material was collected and placed 
in 10kg plant bags, the material was treated 
and inoculated on site in accordance with the 
protocol.

The results of this study show that in the initial 
establishment phases the mulch played a 
significant role in cover development for seedling. 

Once again this can be attributed to 
containment of moisture in the germination 
zone, earlier nutrient availability and 
microclimate control.

This can be clearly observed in the graph 
presented in Figure 10.

Figure 10: Basal cover for treatment B and C over time

LEAF ANALYSIS

The objective of leaf analysis is used in 
supporting soil analysis to determine 
the nutrient status, to make fertiliser 
recommendations. If the nutrient consecration 
is above or below the ideal then the plant will 
either deficient, sufficient or be in excess of 
the specific element. Figure 11 provides an 
overview of the leaf analysis results.

A N N UA L R E P O R T 2020/21
w w w . c o a l t e c h . c o . z a103

E N V I R O N M E N T

https://coaltech.co.za/
http://www.coaltech.co.za


Figure 11: Leaf analysis results

Discard Dump

Mine A
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MICROBIAL ACTIVITY (FUNGCOAL)

Schimmer and van Deventer (2017) indicate 
that soil microbial enzymatic activity is a good 
indicator of soil health. Soil dehydrogenases 
fall within the Oxidoreductase enzymes class. 
Soil dehydrogenase activity (DHA) is one of the 
most important among all the enzymes in the 
soil environment. DHA is considered a good 
indicator of the overall microbial activity in soil 
and relates to the total viable microorganisms 
within the soil environment.

Compared to natural soils (Figure 12), the 
biomix and mulch trial at Mine A delivered 
encouraging results. It is postulated that the 
mulching material, along with the already 
degraded material with a natural population of 
fungi and bacteria, had a synergetic effect on 
the introduced inoculate. Along with optimal 
conditions, such as moisture retention and a 
microclimate, the fungi have established and 
propagated well.

Figure 12: Dehydrogenase activity compared to natural soil

CONCLUSION

This has proved to be a very valuable study. 
The two treatments sites represent typical coal 
mine rehabilitation sites in the Mpumalanga 
eastern highveld. 

Fungcoal technology is a proven technology, 
with bio-cladding not being a new technology 
as an international approach to specifically 
find cladding solutions to mineral discard 
facilities. It is expected that through time, 
that the technology will be optimised and 
enhanced. 

The first step in optimisation has been done 
during this trial. Weathered coal has been 
replaced with humic and vulvic acid dissolved 
in water to serve as a food source for the fungi 
during the establishment phase, resulting in 
significant cost saving. 

The trials have proven that vegetation can 
be successfully established on non-topsoiled 
substrates.

Natural Soil
Hutton

Biomix 
Discard Dump

Biomix
Mine A

Biomix & Mulch 
Discard Dump

Biomix & Mulch
Mine A
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INTRODUCTION

The need for the development of a functioning 
landscape post mining, taking into consideration 
the mitigation hierarchy (as required by the 
relevant authorities), is of broad and current 
interest. The impact of mining activities on 
wetlands are of particular concern. These have 
been discussed and evaluated in various studies 
particular to the Mpumalanga Highveld Region 
(SANBI and DWS, 2016 and SANBI and CSIR, 2016). 
As part of the application for various 

mining authorisations, there are requirements 
to indicate how the impact to wetlands will be 
mitigated and/or compensated. Application of the 
mitigation hierarchy as discussed within the offset 
guideline documents (SANBI and DWS, 2016 and 
SANBI and CSIR, 2016) provides clear direction 
and support for rehabilitation. This is supported 
by the requirements of wetland rehabilitation as 
indicated within the Government’s General Notice 
relating to wetland rehabilitation (GN1198).

Figure 1: Proposed wetland offsets in Mpumalanga coal field regions, as of January 2019

Engineering and Construction Comparitive Analysis 
of Current and New Innovative Alternative Wetland 
Rehabilitation Products/Designs to Optimise Coal 
Mining Rehabilitation Spend
A BOTHA
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Successful rehabilitation of wetlands is often 
complex because of the unique and sensitive 
ecosystems. To date, there has been a vast 
amount of wetland rehabilitation offset planning 
done by the mining houses throughout the 
Mpumalanga coal field region. However, a 
relatively small amount of actual wetland 
rehabilitation has been implemented.

As shown in Figure 1, approximately 36,500ha 
of proposed wetland offset rehabilitation was 
identified. (This number is conservative, using 
only a sample of the current mining houses’ offset 
shapefiles.) In comparison, the amount of wetland 
rehabilitation actually implemented is minute. 
With such extensive wetland rehabilitation 
proposed, verifying and optimising current 
wetland rehabilitation methods, materials and 
products should be undertaken.

Current wetland rehabilitation materials, products 
and designs are generally underperforming 
because of a limited variety of products and/or 
fit for purpose materials/designs. Consequently, 
environmental engineers are being forced to use 
more complex, “hard” products/materials, such 
as concrete, to ensure design adequacy. This 
tendency towards using “hard” techniques has its 
own problems, such as increased rehabilitation 
costs, increased footprints of disturbance and 
more complex types of designs requiring costly 
expertise and input.

In the proposed project, typical “hard” materials 
and designs used for wetland rehabilitation will 
be compared to newer alternatives. The project 
aims to compare the various rehabilitation 
options against a variety of engineering criteria, 
including: 
• Site clearance.
• Bulk earthworks.
• Structure lengths.
• Material costs.
• Vegetation.
• Plant hire.
• Time.
• Health and safety.
• Weight of product.
• Seasonal construction.
• Ease of construction.
• Damage to wetland.
• Maintenanceire risk.
• UV risk.

• Chemical durability.
• Durability.
• Cost.
• Local economy. 

This should help various interested and affected 
parties to understand the advantages and 
disadvantages of the existing tested products/
designs as well as that of a new product, 
Dongalocktm coloured UV resistant, recycled 
PVC (Polyvinyl chloride) sheets, shaped with 
strengthening and interlocking mechanisms.

METHOD

As a foundation for this project, four prominent 
mining houses allowed GreenGAB to use their 
wetland offset shapefiles to create maps of the 
currently planned wetland offsets. These shapefiles 
were used as a sample of the current state of 
wetland rehabilitation within the Mpumalanga 
Coalfields area. Specifically, sites where wetland 
rehabilitation had and had not been planned 
were regarded, so that gaps could be identified 
and the need for regional planning of wetland 
rehabilitation highlighted.

The project required two in-field trials of 
Dongalocktm to compare a mine affected site to 
an unaffected “pristine” site. Following shapefile 
review, two areas within the Mpumalanga 
coalfields were selected; one trial was conducted 
on an active mining site and the other trial was 
conducted on agricultural land, not owned by a 
mining house.

Both trials were constructed by small-, medium- 
and micro-enterprises (SMMEs), who employed 
construction teams of nine to 10 local community 
members. The community members had no prior 
wetland rehabilitation construction experience 
and were upskilled through educational talks and 
demonstrations by the environmental engineer. To 
minimise environmental impact, all construction 
was undertaken by hand and no large machinery 
was used.
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Mine site trial

On the mine site, trenches were dug through 
eroded valley bottom wetlands and sheets of 
Dongalocktm were hit into the dug trenches, 
using sledgehammers. (Wood was placed over 
the Dongalocktm to protect the sheets from 
deformation). The trenches were then re-
filled three-quarters of the way with soil and 
nominally compacted. Y-standard fence poles 
were then hit into the Dongalocktm sheets’ 
strengthening mechanisms at one-metre 
intervals, across each intervention. 

For fire proofing and aesthetic purposes, 
Cemforce was placed over the Dongalocktm 
sheets and draped into the remaining quarter 
of the trench, followed by three layers of 
Matcrete painted over it. Once dried, the top 
quarter of each trench was refilled with soil and 
nominally compacted. Spillway half-moons 
were constructed and filled with rocks to create 
spillway dissipation zones. These were then 
draped with Cemforce and painted with Matcrete 
in the same way as the Dongalocktm sheets.

Figure 2: Site marked off with danger tape

Figure 3: Trenches dug by hand 60m in length
A N N UA L R E P O R T 2020/21
w w w . c o a l t e c h . c o . z a108

E N V I R O N M E N T

https://coaltech.co.za/
http://www.coaltech.co.za


Figure 4: Dongalocktm was placed in trench and driven into the virgin trench +-20cm

Figure 5: Small SMME contractor and team (mine site)
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Figure 6: Placed Dongalocktm before final levelling of the structure

Figure 7: Y-standards driven into the Dongalocktm strengthening mechanism every one metre
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Figure 8: Cemforce placed over structure and into the dug trench, painted with Matcrete

Figure 9: Spillway half-moons constructed on downslope of structure for energy dissipation
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Figure 10: Finalised structure one month after construction

Figure 11: Finalised structure two months after construction
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Pristine site trial

As the soil on the agricultural land was more 
moist, no trenches were required. Instead, the top 
layer of vegetation was removed and Dongalocktm 
sheets were hit directly into the ground with 
sledgehammers. (Wood was once again placed 
over the Dongalocktm to protect the sheets from 
deformation.) At the time of this report, no fire 
proofing had been placed over the structures. 

Cemforce will still be placed over the 
Dongalocktm sheets and draped into the soil 
where vegetation had been removed, followed 
by three layers of Matcrete painted over it. The 
last layer then needs to be refilled with soil 
and nominally compacted. No spillways were 
constructed on this site as it constituted a low-
flow environment.

Figure 12: Finalised structure four months after construction
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Figure 14: Dongalocktm sheet was then driven into 
the soil. No need for trenching

Figure 13: Plant roots and vegetation were 
removed from the structure centreline

Figure 15: Driven Dongalocktm sheets into the wetland
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Figure 16: Driven Dongalocktm before final levelling of the structure

Figure 17: Small SMME contractor and team (pristine site)
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Following construction of both trials, a desktop 
review was undertaken to compare Dongalocktm 
sheets to materials typically used for similar 
wetland rehabilitation. 

Comparisons were conducted using various 
engineering criteria: 
• Site clearance.
• Bulk earthworks.
• Structure lengths.
• Material costs. 
• Vegetation.
• Plant hire.
• Time.
• Health and safety.
• Weight of product.
• Seasonal construction.
• Ease of construction.
• Damage to wetland.
• Maintenance. 
• Fire risk.
• UV risk.
• Chemical durability.
• Durability.
• Cost.
• Local economy.

RESULTS

As a foundation for this project, four prominent 
mining houses allowed GreenGAB to use their 
wetland offset shapefiles to create maps of the 
currently planned wetland offsets. 

These shapefiles were used as a sample of the 
current state of wetland rehabilitation within the 
Mpumalanga Coalfields area. 

Specifically, sites where wetland rehabilitation had 
and had not been planned were regarded, so that 
gaps could be identified and the need for regional 
planning of wetland rehabilitation highlighted.

Figure 18: Structure four months after 
construction

Figure 19: Structure six months after construction
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Figure 20: Desktop review comparison page one
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Figure 21: Desktop review comparison page two

DISCUSSION

Although not an original project aim, by reviewing 
various mining houses’ shapefiles, it was noted 
that mining houses are not aware of each other’s’ 
wetland offset plans. 

This results in wetland offsets not being conducted 
strategically in a regional context. In future, it is 
recommended that mining houses work together 
to create “green corridors” running through the 
coalfields as indicated in Figure 22. (The term 
“green corridors” implies continuous wetland 
rehabilitation throughout the coalfields area.)
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The desktop comparison found that concrete 
has some advantages in wetland rehabilitation 
when wetlands are large in size and have high 
velocities of water moving through them. For 
soil stability and low-flow areas, gabions may be 
a valid option. However, Dongalocktm presents 
clear advanta

ges over both materials when it comes to 
small- and medium-sized valley bottom incised 
wetlands. Specifically, Dongalocktm is easy to 
install and requires a short construction time. 
It is also less expensive than both concrete and 
gabions and has a much smaller environmental 
impact than these other materials. These 
advantages allow Dongalocktm to be constructed 
by SMME, resulting in job creation and upskilling 
of community members as no large machinery 
is required. This is beneficial to the local 
community’s economy.

This project looked at the design and 
construction (engineering) side of wetland 
rehabilitation. 

Although the environmental impact of 
Dongalocktm looks promising thus far, the long-
term ecological impact of Dongalocktm should 
still be monitored on trial sites over the next 
two-to-three wet seasons.

CONCLUSION

Dongalocktm has presented itself as a valid 
material in the wetland rehabilitation toolbox, 
alongside concrete and gabions, as it poses 
significant advantages for the local economy and 
environment. “Softer” materials (for example, hay 
bales, eco logs and gum poles) should also still be 
considered for wetland rehabilitation, although 
these fall outside the scope of the current project. 

In a typical wetland rehabilitation project, a 
combination of the materials available in the 
toolbox may be used, depending on the wetland’s 
unique requirements.

Figure 22: Example of a proposed “green corridor” within a quaternary catchment
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Phytomining and Hyper-accumulation of Constituents 
of Potential Concern (COPC) that deem Vegetation 
Grown on Rehabilitated Soil or Irrigated with Mine 
Water Unsafe for use
PROF W TRUTER & MR. J W HURTER AND MS E SCHMIDHUBER

INTRODUCTION

Each year thousands of hectares are rehabilitated. 
During this process soils are often not ameliorated 
properly. This then causes the replanted vegetation 
to physically undergo stress conditions when 
planted on: 
1)  Contaminated soils.
2)  Spoils where no soil exists.
3)  Discards.
4)  Poorly reclaimed soils that are compacted. 
5)  Soils irrigated with poor quality mine water. 

This causes the vegetation to be unhealthy. 
This can further impact on the wildlife or 
livestock by causing metabolic disturbances, for 
example nitrate or cyanide poisoning in animals. 
Additionally, some vegetation species can 
hyperaccumulate certain toxic metals if these occur 
in higher than normal concentrations in soils and 
substrates on the mine site. 

Water and soils from coal mining processes 
can often contain higher than normal levels 
of constituents of potential concern (COPC) 
that can impact on certain vegetation and 
animals that will become the users of these 
resources in future land uses, post mine 
closure. Identifying vegetation species that 
have hyperaccumulation characteristics 
which can be used to phytomine these COPC 
out of source materials (water and soil) will 
be imperative. This process will improve the 
soils and substrates quality and lower their 
environmental risk they pose. 

With respect to cleaning water, an aeroponics 
system with plants is an exceptional technology 
that provides an opportunity to: 
• Use mine water to grow specific high 
 value crops such as pastures (grasses 
 and legumes), herbs, aromatic  
 plants, flowers. 

• Remove COPC from highly contaminated 
 water and capture them in plant biomass 
 to be combusted (energy production) 
 and possibly extract (phytomine) the 
 elements for future chemical uses.  

The final important aspect of this research is 
to evaluate current rehabilitation and post 
rehabilitation maintenance strategies (e.g. 
fertilisation and irrigation) that influence the 
quality and economic value of the vegetation 
for future agricultural land use purposes. This 
is critical information as it will contribute to 
the understanding and determination of the 
economic value of rehabilitated land.

AIMS AND OBJECTIVES

To understand and quantify the removal of COPC 
from rehabilitated land, spoil, coal waste or 
waste water, using grasses through the process 
of plant hyper-accumulation and ultimately 
phytomining, changing COPC into constituents 
of potential value (COPV).  

This will also focus on the value and safety of 
all vegetation grown on rehabilitated land for 
a proposed large scale agricultural land use of 
pasture based livestock production and high 
value non-edible crop production as a mine 
closure strategy in future.

METHODOLOGY

The research study was conducted in three 
different trials. Prior to the initiation of the trials, 
various pasture species were planted to produce 
seedlings for the different trials.
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The first trial was conducted in a phytotron 
facility where most environmental factors 
were controlled. Acid mine drainage impacted 
soils, spoils and discards where imported from 
a surface coal mine in Emalahleni.  The soils 
and substrates were placed in 20 litre pots and 
planted to various pasture (grass and legumes) 
species, to firstly screen which species survive. 
Once this is established, the top three surviving 
species were further monitored and all relevant 
parameters measured. 

The summer species included: 
• Brachiara brizantha (MG4).
• Pennisetum americanum (Babala).
• Panicum manixum (Xaeres).
• Chloris gayana (Rhodegrass).
• Pennisetum clandestimun (Kikuyu).
• Sorghum spp (Sorghum – Hunnigreen). 
Winter species included: 
• Lolium perenne (Rye grass).
• Lolium multiflorum.
• Medicago sativa (Lucerne) and Avena 
 sativa (Oats).

Figure 2: Species planted to various soils 
(AMD impacted soil and good cover soil) and coal (discard and spoil)

Figure 1: Seedling preparation and screening for trials
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The second trial was conducted in an open air 
phytotron facility that was constructed eight 
years ago, where coal spoil, surface coal mine sub 
soil and topsoil was imported form a coal mine 
and place into 120 cubic metre mini-lysimeters 
to simulate the typical spoil / sub soil / top soil 
profile found on a rehabilitated mined land.

Figure 3: The “mini-lysimeters” that are being 
used, contain seven years old constructed 
rehabilitated mine soil profiles and their 
associated vegetation with roots growing 
down into underlying spoil

Figure 4: The aeroponic towers installed at UP 
Plant Sciences Complex. Root B. system of a grass 
when planted into the tower. C. First two weeks of 
growth D. Two weeks root growth
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The following parameters were measured for all 
the trials: 
• Phytomass production.
• Growth rates.
• Regrowth rates.
• Forage quality.
• Biochemical content of soil.
• Harvested plant material. 

Every trial was scientifically designed so that all 
data collected can be statistically analysed to 
provide confidence in the data. All COPC content 
in soil and plant material were measured using 
ICP-MS.

This study was duplicated on a smaller 
aeroponics unit setup on the Emalahleni Water 
Reclamation Plant (EWRP).

This study focuses on establishing the levels 
of COPC including heavy metals, selected rare 
metals, and possible toxic levels of elements in 
source materials, rehabilitated soils, Acid Mine 
Drainage (AMD) contaminated soils, coal spoils 
and discards and mine AMD impacted water.  It 
is also an objective of the study identify plants 
(vegetation) that can hyperaccumulate and 
extract (phytomine) these COPC. To achieve this, 
the rate of accumulation and removal of these 
COPC from the source materials needs to be 
determined. The forage quality of vegetation 
planted on mines, particularly rehabilitated land 
for herbivore wildlife and livestock also needs to 
be measured and if it suffers water or nutrient 
stresses due to challenging rehabilitation 
conditions and climate change. 

PRELIMINARY RESULTS AND DISCUSSION

The following data is preliminary. As data is 
collect over the three-year period of this study, 
it will become more detailed and accurate. From 
the trials conducted since the first growing 
season that started in October 2020, it is evident 
from the species screened for their adaptation 
to the contaminated soils and spoils that there is 
huge potential for using some species to clean 
up soils and water. 

Figure 6 shows the strong correlation between 
growth vigour and hyperaccumulation potential 
of Kikuyu and Sorghum. This means that these 
plant grow fast and can potentially produce 
more biomass that can contain a higher 
concentration of COPC.Figure 5: The aeroponic towers installed on EWRP 

growing species using AMD water
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Figure 7: The preliminary relationship between the selected test species growth vigour and its water use

Figure 8: The preliminary relationship between the selected test 
species hyperaccumulation potential and its water use
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Figure 8 illustrates how certain species (Rhodes 
grass and Babala) use less water to hyper 
accumulate most elements. Once the trial is 
complete it will be interesting to see what 
concentration of the different COPC and COPV 
are hyperaccumulated. This will confirm the 
species phytomining value.

As an example of hyperaccumulation potential, 
it is noted in Figure 9 what levels of certain 
elements are accumulated in Rhodes grass. After 
each season the biomass of each species will be 
subjected to an ICP-MS scan to establish which 
elements are present in what magnitude.

CONCLUSION

To date the study has delivered some promising 
results. In its second year, the first growing 
season has just been completed in May and 
the second winter growing season just started.  
From the previous seasons data, which is still 
be processed, it is notable that at this point, 
Chloris Gayana is the species that seems to be 
most adaptable to the contaminated soils and 
substrates. This species also seems to extract 
the most elements using the least amount of 
water in the aeroponics system. This data will 
be confirmed after a second summer growing 
season of these plants in the substrates is 
completed. From the data collected it seems 
that Rhodes grass also has the potential to 
hyperaccumulate (phytomine) Caesium (Ce) 
which is a high value rare earth metal. This data 
highlights the potential of certain species to 
extract value out of waste.

Figure 9: The preliminary concentration of elements concentrated in Rhodes grass after three combined 
harvests of plant material
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Develop Risk-based Predictive Framework and 
Best Practice Guideline on the Assessment, Design, 
Construction and Maintenance of Soil and Pulverised 
Overburden Covers to Mitigate Acid Mine Seepage from 
Rehabilitated Backfilled Pits for Mpumalanga Highveld
A J VAN ZYL

INTRODUCTION

High volumes of excess mine-impacted water 
that contains high sulphate, salt and/or metal 
loads (seepage impacts) is one of the main 
environmental liabilities that needs to be 
managed for backfilled coal mine pits. Soil covers 
are not only an integral component of mine land 
rehabilitation, but also serve to reduce volumes of 
excess pit water, Acid Mine Drainage (AMD), and 
seepage impacts. 

This reduction simultaneously reduces 
requirements for mine-water treatment. Well-
designed and constructed soil covers can provide 
a simple, cost-effective and passive source-
directed measure to mitigate the impacts of these 
high volumes of excess mine-impacted water. 

The study focused on the reduction of excess pit 
water, AMD production and seepage impacts 
through rehabilitation using soil covers that 
can be constructed from soil and/or weathered 
overburden. 

The study was expanded to include covers that 
were constructed from pulverised overburden 
for mines with a shortage of soils. This research 
is complemented by a similar research funded 
by the Water Research commission (WRC) for 
coal discard facilities. The study objectives and 
outcomes are summarised in Table 1.

Table 1: Study objectives and outcomes 
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INVESTIGATED COVERS

The study focused on analysing mature soil 
covers constructed over 20 years ago to 
determine cover material properties and 
vegetation characteristics that represent long-
term cover conditions. Thin- and thick single 
layer covers (Photo 1), dual-layered covers (Photo 
2), pulverised poorly-weathered overburden 

covers (Photo 3) and pulverised fractured shale 
covers (Photo 4) were investigated. Covers at 
paired sites of moderately dense (somewhat 
compacted) and very dense (highly compacted) 
covers were investigated to account for the 
effect of quality of cover construction and of 
shallow compacted layer(s). 

Photo 1: The aeroponic towers installed on EWRP 
growing species using AMD water

Photo 2: Dual-layered cover with growth medium 
over final surface with fine-textured overburden

Soil 
Cover

Photo 3: Pulverised poorly-weathered overburden Photo 4: Pulverised fractured shale
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RISK BASED PREDICTIVE FRAMEWORK

A risk-based predictive framework was 
developed as a quantitative impact prediction 
and risk assessment tool to assess and design 
soil covers with the aim to mitigate AMD 
production and seepage impacts. 

The framework addresses the following key 
aspects:
• Conform to regulatory and statutory 
 requirements for a risk-based predictive 
 tool for soil cover design to mitigate AMD 
 production with soil covers. 

 
 
• Based on a international accepted source-
 pathway-receptor approach to predict 
 the extent that soil covers can mitigate 
 seepage impact on receiving 
 groundwater.
• Based on existing procedures included in 
 South African guidelines, and procedures 
 from international best practice 
 guidelines, on the use of soil covers to 
 mitigate AMD and groundwater seepage 
 impact for those components lacking in 
 South African guidelines.   

Figure 1: The elements of the risk-based predictive framework 
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PREDICTED RAIN WATER INGRESS

The predicted rainfall ingress rates into the 
backfilled spoil are summarised in Table 2. 

Rainfall ingress were predicted from:
• Long-term (>60 years) precipitation and 
 rain distribution, and climate conditions 
 of research sites.
• Cover properties and condition (e.g. layer 
 thickness, cracks) that were determined 
 in-field.
• Vegetation characteristics that were  
 determined in-field and from monitoring 
 to determine the seasonal variability 
 thereof.

Very low rates were predicted for the cover where 
the growth medium is underlain by fine-textured 
spoil/overburden, and roots have developed 
throughout the growth medium (Photo 2). The 
fine-textured spoil/overburden layer functions as 
a water retention layer, which has a considerable 
effect on the retention and storage of infiltrated 
rain for subsequent evapotranspiration between 
rain events. Low hydraulic conductivities were 
determined for the fine-textured spoil, which 
further reduce the depth of rain infiltration. 
However, the layer is not flow-limiting, which 
promotes the flow of soil moisture to the roots for 
uptake and transpiration.  

Table 2: Predicted rainfall ingress
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High rates were predicted for the cover 
constructed from pulverised fractured shale. 
The low water retension, storage capacity, and 
higher hydraulic conductivity of the gravelly sand 
material, results in high rates. Root development 
is also relatively shallow, which limits the potential 
for deep infiltrated rain for plant water uptake and 
transpiration. 

The strategy to limit rainfall ingress for these 
gravelly sand materials must focus on the 
inclusion of deep-rooted vegetation with high 
plant transpiration demand to counter-act the 
low potential of the material to limit rain ingress.  

Very high and high rates were predicted for 
highly compacted covers where root penetration 
was limited. 

Very high rates were predicted as a result of:
• Moisture losses through plant transpiration 
 is considerably impeded. The volume 
 of cover material available to extract water 
 through the very shallow plant roots is 
 limited considerably. This is exacerbated by 
 low plant transpiration rates of the low 
 vegetation cover and leaf areas. 
• The reduction in moisture losses through 
 evapotranspiration is not out-weighed 
 by the smaller increase in runoff, 
 considering the rain distribution and 
 amount of significant events that result 
 in significant runoff. The hydraulic 
 conductivities determined from in-field 
 tests for the mature covers are also higher 
 than the 10 -6 or 10 -7 criteria to act 
 effectively as a low-permeable layer. 

PREDICTED OXYGEN INGRESS AND AMD 
PRODUCTION

Predicted results on oxygen ingress into the 
backfilled spoil indicated that only the covers 
with a fine-textured spoil/overburden layer 
could adequately limit AMD production. 

Consequently, the strategy to limit AMD 
production with soil covers should focus on 
limiting rainfall ingress for the semi-arid climate 
of the Mpumalanga Highveld coalfields.

SOIL COVER BEST PRACTICE GUIDELINE

A technical Best Practice Guideline (BPG) was 
developed on the planning, impact prediction, 
design, construction, care and maintenance, and 
monitoring of soil covers to mitigate seepage 
impacts with rehabilitation and closure of 
backfilled open-cast coal mine pits.  

Development of the soil cover guideline 
facilitates the integration of the recently 
published Land Rehabilitation Guideline for 
Surface Coal Mines and the Guideline Series for 
Water Resource Protection in the South African 
Mining Industry. 

Important aspects not addressed by the South 
African guidelines for soil covers are addressed 
based on international BPGs on soil covers to 
limit rain water ingress and seepage impacts. 
Integration of these guidelines to develop the 
Soil Cover BPG is shown in Figure 2.
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Best practice guidelines on:
• Impact prediction (geochem, 
 geohydrology, pit water).
• Prevention and minimisation of pollution 
 impacts.
• Water management: Residue stockpiles, 
 surface mines and mine closure.
• Integrated mine water management.

Best practices on:
• Landform design.
• Soil stripping, stockpiling and placement.
• Soil amelioration and revegetation.
• End land use planning, care and 
 maintenance.
• Monitoring and site relinquishment.

Figure 2: Integration of relevant Best Practice Guidelines in the development of the soil cover BPG

Best practices on:
• Initial screening level risk assessment to 
 identify viable soil covers.
• Cover materials balance and 
 characterisation.
• Unsaturated flow modelling.
• Cover design.
• Cover construction.
• Cover performance monitoring.
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Implementation of the guideline can provide 
information on the probability that acceptable 
environmental targets can be met with 
rehabilitation. 

A quantitative prediction of the extent for 
treatment may be required if targets are not met 
with the cover material available at site or with 
existing covers. 

This information can provide input to the 
quantification and costing of mine closure 
liabilities from seepage impacts. It allows cost 
and benefit analysis of mitigating seepage 
impacts through rehabilitation with viable soil 
cover options or of existing soil covers.

LESSONS LEARNED AND IMPLICATIONS 
FOR INDUSTRY

AMD

AMD is managed through mitigation of AMD 
or through treatment of residual leachate. AMD 
mitigation is achieved through rehabilitation 
based on the performance of soil covers or by 
engineered measures such as geosynthetic 
covers or liners. The soil cover BPG that has 
been developed includes a risk-based predictive 
framework that focuses on the mitigation of AMD 
and reduction of excess mine-impacted water. 
This approach is a source-directed and passive 
AMD management measure, which could be a 
simple and cost-effective measure that makes 
maximum use of site available materials while 
also addressing other closure objectives. 

Figure 3: Soil cover BPG structured with progressive levels of decision making, organised as tiers
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Prediction effects of rehabilitation on AMD

A gap analysis of existing South African 
standards indicated that the effect specific 
properties of rehabilitated land (i.e. cover 
materials, vegetation, cover thickness, 
topography) can have on AMD and seepage 
impacts is not effectively addressed in current 
impact prediction BPGs for water resource 
protection in the mining industry. 

These also do not effectively address the 
effect that the quality of rehabilitation (i.e. 
revegetation success and vegetation conditions) 
can have. Nor do they address how rehabilitation 
measures (using  site available materials and 
final land use vegetation) can be optimised to 
limit AMD and reduce seepage impacts. The soil 
cover BPG and risk-based predictive framework 
were developed to address these shortcomings. 

Limiting oxygen ingress and AMD production

Significant reduction in oxygen ingress is 
achieved only when the cover includes a fine-
textured layer below the growth medium. 

Limiting AMD production with soil covers should 
therefore focus on limiting rain ingress through 
the cover layer (for the semi-arid climate of the 
Mpumalanga coalfields). This is in agreement 
with international findings from studies 
conducted in semi-arid climates.  

Limiting rain-water ingress, AMD production 
and volumes of excess mine-impacted water

The range in predicted rainwater ingress through 
soil covers varies from very low rates (<5% of 
annual rainfall) for covers that include a thick 
fine-textured layer below the growth medium to 
moderately high rates (>15% of annual rainfall) 
for covers constructed with sandy and gravelly 
materials. This emphasises the importance 
of cover designs that are optimised to limit 
rain ingress to acceptable rates. Designs are 
based on cover rain water ingress (unsaturated 
flow) modelling that considers cover materials 
available on site. International studies and 
best practice guidelines emphasis the need for 
dedicated cover designs based on rain water 
ingress optimisation modelling to achieve 
acceptable rates.    

Limiting rain water ingress and AMD with good 
practice backfilling and reshaping of final 
rehabilitated surface

Modelling results demonstrate that rain 
percolation- and oxygen ingress rates are 
considerably reduced if the growth medium is 
underlain by a fine-textured material layer. This is 
in agreement with international modelling and 
monitoring studies. 

It is good practice that fine-textured weathered 
overburden and subsoils are placed over poorly 
weathered- or fractured overburden spoil during 
backfilling of the pit. 

This will allow the surface material(s) of the 
reshaped topography that consists of subsoils 
and/or non-carbonaceous fine-textured 
overburden to limit water and oxygen ingress. 

The movement and placement of materials and 
reshaping of the final topography should be 
planned. 

Designs should aim to maximise the use of fine-
textured non-carbonaceous materials for the 
final reshaped topography. This will considerably 
reduce water- and oxygen ingress, while a single 
placement of growth media over the reshaped 
final topography will reduce the construction 
cost of a soil cover. The landform and materials 
handling should, therefore, be integrated with 
soil cover designs.

Limiting rain water ingress for gravelly and 
sandy covers

High rain water- and oxygen ingress through 
covers and AMD production were predicted for 
covers that use gravelly and sandy materials.  
This is largely due to the low water retention, 
storage capacity and higher hydraulic 
conductivity. 

The use of deep-rooted vegetation with 
high plant transpiration demand should be 
considered as a strategy to limit rain water 
ingress and volumes of excess mine impacted 
water for these covers. Vegetated covers 
should include deep-rooted grasses and/or 
shrubs with high transpiration demand, or the 
use of woody species.
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Post closure AMD and seepage liabilities

The guideline, or relevant sections, should be 
applied to:
• New covers: Optimise viable soil 
 cover option(s) for rehabilitation- 
 and mine closure planning, aiming to 
 meet acceptable environmental limits 
 (AEL) such as the Water Quality Objectives 
 included in Water Use.
• Existing covers: Determine the likely 
 extent that existing soil covers can meet 
 AEL and quantify likely post-closure 
 liabilities resulting from seepage impacts.
• Prescribed cover designs based 
 on approved materials and 
 construction specifications: Determine/
 predict cover performance in terms of the 
 extent that AEL can be met using covers 
 that result from a prescribed cover design, 
 where environmental performance is 
 usually not specified.

WAY FORWARD

• The endorsement of this well-
 documented technical guideline by the 
 authorities will support a risk-based 
 approach that can be followed for 
 the design of soil covers that mitigate 
 AMD production and seepage impacts 
 with mine land rehabilitation.
• A training course(s) or technical talk(s) 
 should make emerging technologies and 
 best practices accessible to a wider user 
 group.
• A further project should analyse the 
 balance between treatment costs 
 of mine-impacted water and costs of 
 AMD management through mitigating 
 using appropriate soil covers with 
 rehabilitation of back-filled mine pits. 
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Coal Mine Pitlakes as a Sustainable Mine Closure Option 
in South Africa
A JOHNSTONE

BACKGROUND

Pitlakes have become an accepted form of 
mine closure around the world and have been 
successfully employed as a closure strategy in 
countries such as Australia, the Czech Republic 
and Canada. 

In South Africa, however, the concept is still a 
relatively new and progress needs to be made 
so that pitlakes are recognised as forming an 
important part of a sustainable mine closure 
strategy.

GCS was appointed by the Water Research 
Commission (WRC) to determine whether 
pitlakes could form part of a sustainable mine 
closure solution. 

The work culminated in a study entitled An 
Investigation to Determine if South African 
Coal Mine Pitlakes are a Viable Closure Option. 

circumstances and management, pitlakes can 
form part of a sustainable mine closure solution. 

The WRC 2019 Pitlakes Study found that 
pitlakes “can be environmentally sustainable 
if they are designed correctly “. Enough 
data was collected in the study to allow for 
the development of a technical guideline 
for the design of coal mine pitlakes in the 

considered the water balances of the pitlakes 
and the biological and chemical process that 
drive the water quality of pitlakes.

GCS was appointed by Coaltech to undertake a 
study of the authorisation processes required 
for a pitlake to be incorporated into a mine 
closure application. 

Having engaged with representatives from the 
Department of Human Settlements, Water & 
Sanitation (DHWS), the Department of Mineral 
Resources & Energy (DMRE), the Department of 
Forestry, Fisheries & the Environment (DFFE) 

and the Department of Agriculture, Land 
Reform & Rural Development 

(DALRRD), GCS set out the current position 
and our proposed approach for legalisation of 

closure option. 

Following this process of engagement with the 
authorities, it was agreed that pitlakes would be 
accepted and authorised on a case-by-case basis.

South African legal framework

With a mining history in South Africa of over 
130 years, the regulatory framework is both 
well-developed and complex. Further, it must 
be noted that each closure scenario will have its 
own unique features which must be dealt with 
from a legal perspective. This will be determined 
by the location of the mine and mine plans.

By way of background, it must be noted that 
the primary goals of mine closure operations 
are to achieve zero harm, realise a net positive 
environmental impact, improve social 
performance post mine-closure, and leave a 
positive legacy. 

This requires environmental and social practices 
throughout the mine’s operations, and includes 

rehabilitation post-closure.

Recognising correctly designed pitlakes as a 
coal mine closure option will contribute to 
sustainable mine closure and will likely prove 

closing coal mines, such that the national 
environmental management principles 
enshrined in the Constitution of the Republic 
of South Africa 1996, and in chapter 2 of the 
National Environmental Management Act 107 of 
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Summary of permits/authorisations required

The below permits/authorisations are required 
for the use of pitlakes as a closure method for 
mines, where they are deemed to be technically 
and environmentally feasible. It is recommended 
that this be applied for simultaneously, in 
accordance with the spirit and purport of the One 
Environmental System, allowing the processes to 
run concurrently and further allowing the relevant 
departments to review the applications holistically.

• Environmental Authorisation in terms of 
 NEMA (competent authority is DFFE).
• Water Use Licence in terms of the NWA 
 (competent authority is DHSWS).
• Waste Management Licence in terms of 
 NEMWA (competent authority is DFFE).
• Amended EMPr including pitlakes as part 
 of closure plans for existing mines in terms 
 of the MPRDA (competent authority is 
 DMRE).
• EMPr to include pitlakes as part of closure 
 plan for new mines in terms of the MPRDA 
 (competent authority is DMRE).
• Rezoning application and approval 
 (competent authority is local municipality).

International best practice

Pitlakes form part of international best practice 
when considering mine closure and are used 
as a successful mine closure and rehabilitation 
mechanism in numerous countries. The 
International Council on Mining & Metals (ICMM) 
published the Integrated Mine Closure Good 
Practice Guide, 2nd Edition (Good Practice Guide) 
in 2019. The Good Practice Guide states that, 
while pitlakes may present certain residual risks 
at closure, they also offer substantial benefits 
(unlike many other mine closure options 
involving ongoing costly water treatment). If 
proper management relating to the change 
in land type from terrestrial (pre-mining) to 
aquatic (post-mining) is undertaken, pitlakes can 
present numerous beneficial opportunities post-
closure. By integrating social, environmental 
and economic viewpoints and factors, pitlakes 
can be used in a variety of activities, including 
the irrigation of agricultural land, recreation and 
water storage. Water management will need to 
be determined according to the characteristics 
of the pitlake and the surrounding area, in line 
with the over-arching notion of sustainability.

Figure 1: During mining
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Pitlakes are commonly used in Australia, 
Canada and several other countries, largely 
due to the growth in open cut mining over 
the last few decades. In these countries they 
are often perceived as beneficial, depending 
on the quality of the water in the pitlake. 
Significant effort has thus been expended on 
investigating and examining these pitlakes and 
their water quality, thereby promoting effective 
management. In the Czech Republic, pitlakes 

are used for a variety of post-closure purposes, 
including agricultural production, recreational 
and sports activities, industrial production, 
nature conservation and water retention. The 
water from pitlakes is sometimes used as a 
cooling medium for thermal power plants, fish 
breeding, irrigation of agricultural land in areas 
with a rainfall deficit, and freshwater reservoirs 
for cattle (depending on water quality).

Figure 2: After mining
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Figure 3: Pitlake terminology

Figure 4: Chemical process in a Pitlake
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F I N A N C I A L  S U M M A RY



Annual Financial Statements 
For The Year Ended 31 March 2021
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South Africa
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ment of technology and the application of research findings in the 
South African Coal Industry

DIRECTORS (AT YEAR END) R Chinamatira (Chairperson)

DP Power - resigned

C Maila

M Smith
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H Lodewijks (Chief executive officer)
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PostNet Suite # 95, Private Bag X04, Fountainebleau, 
Johannesburg 2032

BANKERS ABSA Group Limited

AUDITORS Ransome Russouw Inc.
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TO THE MEMBERS OF COALTECH RESEARCH ASSOCIATION NPC

REPORT ON THE AUDIT OF THE FINANCIAL STATEMENTS 

OPINION
We have audited the financial statements of Coaltech Research Association NPC set out on pages 6 to 15, which com-
prise the statement of financial position as at 31 March 2021, and the statement of comprehensive income, the state-
ment of changes in equity and the statement of cash flows for the year then ended, and notes to the financial state-
ments, including a summary of significant accounting policies.

In our opinion, the financial statements present fairly, in all material respects, the financial position of the company as 
at 31 March 2021, and its financial performance and cash flows for the year then ended in accordance with the Interna-
tional Financial Reporting Standard for Small and Medium-sized Entities and the requirements of the Companies Act of 
South Africa.

BASIS FOR OPINION
We conducted our audit in accordance with International Standards on Auditing (ISAs). Our responsibilities under those 
standards are further described in the Auditors’ Responsibilities for the Audit of the financial statements section of our 
report. We are independent of the company in accordance with the Independent Regulatory Board for Auditors Code of 
Professional Conduct for Registered Auditors (IRBA Code) and other independence requirements applicable to perform-
ing audits of financial statements in South Africa. We have fulfilled our other ethical responsibilities in accordance with 
the IRBA Code and in accordance with other ethical requirements applicable to performing audits in South Africa. The 
IRBA Code is consistent with the International Ethics Standards Board for Accountants Code of Ethics for Professional Ac-
countants (Parts A and B). We believe that the audit evidence we have obtained is sufficient and appropriate to provide 
a basis for our opinion.

KEY AUDIT MATTERS
We conducted our audit in accordance with International Standards on Auditing (ISAs). Our responsibilities under those 
standards are further described in the Auditors’ Responsibilities for the Audit of the financial statements section of our 
report. We are independent of the company in accordance with the Independent Regulatory Board for Auditors Code of 
Professional Conduct for Registered Auditors (IRBA Code) and other independence requirements applicable to perform-
ing audits of financial statements in South Africa. We have fulfilled our other ethical responsibilities in accordance with 
the IRBA Code and in accordance with other ethical requirements applicable to performing audits in South Africa. The 
IRBA Code is consistent with the International Ethics Standards Board for Accountants Code of Ethics for Professional Ac-
countants (Parts A and B). We believe that the audit evidence we have obtained is sufficient and appropriate to provide 
a basis for our opinion.

CONSIDERATION OF GOING CONCERN
Subsequent to the year end, the Global spread of the Covid-19 Virus was classified as a pandemic by the World Health 
Organisation. Under this classification South Africa entered into a nationwide lock-down in March 2021. Although the 
effect of the lock-down will not have any bearing on the financial statements presented here, the consideration of the 
ability of the compant to continue as a going concern has become very important. While we do not expect the ability 
of the company to continue as a going concern to be affected, we expect that the effect of the virus and the nationwide 
lock-down might have an impact on the financials statements of the company in the 2022 financial year.

OTHER INFORMATION
The directors are responsible for the other information. The other information comprises the Directors’ Report as re-
quired by the Companies Act of South Africa as set out on page 5. Other information does not form part of the  financial 
statements and our auditors’ report thereon.

Our opinion on the financial statements does not cover the other information and we do not express an audit opinion 
or any form of assurance conclusion thereon.

In connection with our audit of the financial statements, our responsibility is to read the other information and, in doing 
so, consider whether the other information is materially inconsistent with the financial statements or our knowledge 
obtained in the audit, or otherwise appears to be materially misstated. If, based on the work we have performed on the 
other information obtained prior to the date of this auditors’ report, we conclude that there is a material misstatement 
of this other information, we are required to report that fact. We have nothing to report in this regard.
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RESPONSIBILITIES OF THE DIRECTORS FOR THE FINANCIAL STATEMENTS
The directors are responsible for the preparation and fair presentation of the financial statements in accordance with the 
International Financial Reporting Standard for Small and Medium-sized Entities and the requirements of the Companies 
Act of South Africa, and for such internal control as the directors determine is necessary to enable the preparation of 
financial statements that are free from material misstatement, whether due to fraud or error. 

In preparing the financial statements, the directors are responsible for assessing the company’s ability to continue as a 
going concern, disclosing, as applicable, matters related to going concern and using the going concern basis of ac-
counting unless the directors either intend to liquidate the company or to cease operations, or have no realistic alterna-
tive but to do so.

AUDITORS’ RESPONSIBILITIES FOR THE AUDIT OF THE FINANCIAL STATEMENTS
Our objectives are to obtain reasonable assurance about whether the financial statements as a whole are free from ma-
terial misstatement, whether due to fraud or error, and to issue an auditors’ report that includes our opinion. Reasonable 
assurance is a high level of assurance, but is not a guarantee that an audit conducted in accordance with ISAs will always 
detect a material misstatement when it exists. Misstatements can arise from fraud or error and are considered material if, 
individually or in the aggregate, they could reasonably be expected to influence the economic decisions of users taken 
on the basis of these financial statements.

As part of an audit in accordance with ISAs, we exercise professional judgement and maintain professional scepticism 
throughout the audit. We also:
• Identify and assess the risks of material misstatement of the financial statements, whether due to fraud or error, 

design and perform audit procedures responsive to those risks, and obtain audit evidence that is sufficient and ap-
propriate to provide a basis for our opinion. The risk of not detecting a material misstatement resulting from fraud is 
higher than for one resulting from error, as fraud may involve collusion, forgery, intentional omissions, misrepresen-
tations, or the override of internal control.

• Obtain an understanding of internal control relevant to the audit in order to design audit procedures that are appro-
priate in the circumstances, but not for the purpose of expressing an opinion on the effectiveness of the company’s 
internal control.

• Evaluate the appropriateness of accounting policies used and the reasonableness of accounting estimates and relat-
ed disclosures made by the directors.

• Conclude on the appropriateness of the directors’ use of the going concern basis of accounting and based on the 
audit evidence obtained, whether a material uncertainty exists related to events or conditions that may cast sig-
nificant doubt on the company’s ability to continue as a going concern. If we conclude that a material uncertainty 
exists, we are required to draw attention in our auditors’ report to the related disclosures in the financial statements 
or, if such disclosures are inadequate, to modify our opinion. Our conclusions are based on the audit evidence ob-
tained up to the date of our auditors’ report. However, future events or conditions may cause the company to cease 
to continue as a going concern.

• Evaluate the overall presentation, structure and content of the financial statements, including the disclosures, and 
whether the financial statements represent the underlying transactions and events in a manner that achieves fair 
presentation.

• Obtain sufficient appropriate audit evidence regarding the financial information of the entities or business activities 
within the group to express an opinion on the financial statements. We are responsible for the direction, supervision 
and performance of the group audit. We remain solely responsible for our audit opinion.

• We communicate with the directors regarding, among other matters, the planned scope and timing of the audit and 
significant audit findings, including any significant deficiencies in internal control that we identify during our audit.

Ransome Russouw Incorporated
Per: HJ Russouw
Resitered Auditor

25 June 2021

1 Mowbray Road
Greenside
Johannesburg
2193
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DIRECTORS RESPONSIBILITIES AND APPROVAL

The directors are required by the South African Companies Act to maintain adequate accounting records and are re-
sponsible for the content and integrity of the annual financial statements and related financial information included in 
this report. It is their responsibility to ensure that the annual financial statements satisfy the financial reporting stan-
dards as to form and content and present fairly the statement of financial position, results of operations and business 
of the company, and explain the transactions and financial position of the business of the company at the end of the 
financial year. The annual financial statements are based upon appropriate accounting policies consistently applied 
throughout the company and supported by reasonable and prudent judgements and estimates.

The directors acknowledge that they are ultimately responsible for the system of internal financial control established 
by the company and place considerable importance on maintaining a strong control environment. To enable the direc-
tors to meet these responsibilities, the board sets standards for internal control aimed at reducing the risk of error or 
loss in a cost effective manner. The standards include the proper delegation of responsibilities within a clearly defined 
framework, effective accounting procedures and adequate segregation of duties to ensure an acceptable level of risk. 
These controls are monitored throughout the company and all employees are required to maintain the highest ethical 
standards in ensuring the company’s business is conducted in a manner that in all reasonable circumstances is above 
reproach.

The focus of risk management in the company is on identifying, assessing, managing and monitoring all known forms 
of risk across the company. While operating risk cannot be fully eliminated, the company endeavours to minimise it by 
ensuring that appropriate infrastructure, controls, systems and ethical behaviour are applied and managed within pre-
determined procedures and constraints.

The directors are of the opinion, based on the information and explanations given by management that the system of 
internal control provides reasonable assurance that the financial records may be relied on for the preparation of the 
annual financial statements. However, any system of internal financial control can provide only reasonable, and not 
absolute, assurance against material misstatement or loss. The going-concern basis has been adopted in preparing the 
financial statements. Based on forecasts and available cash resources the directors have no reason to believe that the 
company will not be a going concern in the foreseeable future. The financial statements support the viability of the 
company.

The financial statements have been audited by the independent auditing firm, Ransome Russouw Incorporated, who 
have been given unrestricted access to all financial records and related data, including minutes of all meetings of share-
holders, the board of directors and committees of the board. The directors believe that all representations made to the 
independent auditors during the audit were valid and appropriate.  The external auditors’ unqualified audit report is 
presented on page 2 to 3.

The annual financial statements as set out on pages 5  to 15 were approved by the board on 25 June 2021 and were 
signed on it’s behalf by:

Chairperson
 
Chief Executive Officer
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DIRECTORS REPORT

1. INCORPORATION

The company was incorporated as a Non Profit Company in 2007.

2. REVIEW OF ACTIVITIES

The principle activities of the company is that of promoting communal and group interest by the development of tech-
nology and the application of research findings in the South African coal industry. The financial position of the company 
at 31 March 2021 and the results of its operating activities and cash flows for the 12 month period then ended are fully 
set out in the accompanying annual financial statements.

3. GOING CONCERN

The annual financial statements have been prepared on the basis of accounting policies applicable to a going concern. 
This basis presumes that funds will be available to finance future operations and that the realisation of assets and settle-
ment of liabilities, contingent obligations and commitments will occur in the ordinary course of business.

The spread of Covid-19 pandemic and the resultant national lock-down by Government with effect from 26 March 2020 
has had an effect on the economy and also on the contribution income received during the year under review. As a re-
sult the directors will carefully monitor the payments advanced on research projects in future. Also refer to notes 9 and 
11 for the negative impact on contribution income and research expenditure. 

4. PROPERTY, PLANT AND EQUIPMENT

The Sepair plant was commisioned at the end of the previous year and put into operation during the year.

5. POST BALANCE SHEET EVENTS

The directors are not aware of any material matter or circumstance which significantly affect the operations of the 
company or the assets and liabilities as reported at balance sheet date, that have not otherwise been dealt with in the 
company’s annual financial statements set out below.

6. DIRECTORS

The following directors were in office at year end following changes during the year:     
R Chinamatira (Chairperson) 
DJ Power - resigned    
S van der Woude     
C Maila   
M Smith    
N Singh - resigned   
S van Wyk - resigned   
A Pillay   
B Purushothaman - appointed
C van Alphen - appointed     
H Lodewijks (Chief Executive Officer)

7. SECRETARY

The company has not appointed a secretary and the executive director, Mr. H Lodewijks assisted with secretarial duties. 
Refer page 1 for address details.

8. INDEPENDENT AUDITORS 

Ransome Russouw Incorporated were the auditors for the year under review.
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STATEMENT OF FINANCIAL POSITION

NOTE(S) 2021
R

2020
R

ASSETS

NON-CURRENT ASSETS

PROPERTY, PLANT AND EQUIPMENT 2 2 568 892 3 827 247

2 568 892 3 827 247

CURRENT ASSETS

TRADE AND OTHER RECEIVABLES 3 296 647 4 030 806

CASH AND CASH EQUIVALENTS 4 19 396 439 15 247 485

19 693 086 19 278 291

TOTAL ASSETS 22 261 978 23 105 538

RESERVES AND LIABILITIES

RESERVES

RETAINED INCOME 5 13 717 631 14 155 112

REVALUATION RESERVE 6 413 567 -

PROJECT RESERVES 7 3 078 592 4 347 401

17 209 790 18 502 513

CURRENT LIABILITIES

TRADE AND OTHER PAYABLES 8 5 052 188 4 603 025

5 052 188 4 603 025

TOTAL RESERVES AND LIABILITIES 22 261 978 23 105 538
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STATEMENT OF COMPREHENSIVE INCOME

NOTE(S) 2021
R

2020
R

REVENUE 9 7 843 491 11 422 000

OTHER INCOME - 53 196

OPERATING EXPENSES 11 (10 421 121) (11 940 296)

(LOSS)/INCOME BEFORE INTEREST (2 577 630) (465 100)

INTEREST RECEIVED 871 340 1 188 056

(LOSS)/ INCOME BEFORE TAXATION (1 706 290) 722 956

TAXATION 12 - -

(LOSS)/ INCOME AFTER TAXATION (1 706 290) 722 956

OTHER COMPREHENSIVE INCOME:

CAPITAL PROJECT EXPENSES - REIMBERSED 7 1 268 809 -

TOTAL COMPREHENSIVE (LOSS)/INCOME (437 481) 722 956

STATEMENT OF CHANGES IN RESERVES

NOTE(S)
RETAINED 

INCOME 
R

PROJECT 
RESERVE 

R

REVALUATION 
RESERVE 

R

TOTAL  
RESERVES 

R

BALANCE AT 01 APRIL 2018 13 432 156 4 347 401 249 425 18 028 982

COMPREHENSIVE INCOME FOR THE YEAR 722 956 - (249 425) 473 531

INCOME FOR THE YEAR 722 956 - - 722 956

REVALUATION RESERVE - (NET - UTILISED) 6 - - (249 425) (249 425)

BALANCE AT 01 APRIL 2020  14 155 112  4 347 401  -  18 502 513 

COMPREHENSIVE LOSS FOR THE YEAR  (437 481)  (1 268 809)  (249 425)  (1 292 723) 

LOSS FOR THE YEAR  (1 706 290)  -    -   (1 706 290) 

REIMBERSEMENT EX RESERVE 1 268 809 (1 268 809) - -

REVALUATION RESERVE - RAISED 6  -    -    413 567  413 567

BALANCE AT 31 MARCH 2021  13 717 631  3 078 592  413 567  17 209 790 

7 6
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ACCOUNTING POLICIES

1. PRESENTATION OF ANNUAL FINANCIAL STATEMENTS

The annual financial statements have been prepared in accordance with the International Financial Reporting Standards 
for Small and Medium-sized Entities. The annual financial statements have been prepared on the historical cost basis, ex-
cept for the measurement of certain financial instruments at fair value, and incorporate the principal accounting policies 
set out below.

1.1 PROPERTY, PLANT AND EQUIPMENT

Items of property, plant and equipment are measured at cost less accumulated depreciation and any accumulated im-
pairment losses.             
     
Costs include costs incurred initially to acquire or construct an item of property, plant and equipment and costs incurred 
subsequently to add to, replace part of, or service it. If a replacement cost is recognised in the carrying amount of an 
item of property, plant and equipment, the carrying amount of the replaced part is derecognised.    
   
The initial estimate of the costs of dismantling and removing the item and restoring the site on which it is located is also 
included in the cost of property, plant and equipment.     
     
Depreciation is provided on all property, plant and equipment other than freehold land, to write down the cost, less 
residual value, on a straight line basis over their useful lives as follows:     
     
ITEM    AVERAGE USEFUL LIFE   
• Office furniture  5 years
• Computer equipment 3 years
• Computer software  2 years
• Equipment   2 - 5 years   
     
The depreciation charge for each year is recognised in profit or loss unless it is included in the carrying amount of 
another asset.

STATEMENT OF CASH FLOWS

NOTE(S) 2021
R

2020
R

CASH FLOWS FROM OPERATING ACTIVITIES

CASH (USED IN)/GENERATED FROM 
OPERATIONS

13 3 302 662 (2 108 476)

INTEREST RECEIVED 871 340 1 188 056

NET CASH FLOW FROM OPERATING ACTIVITIES 4 174 002 920 420

CASH FLOWS FROM INVESTING ACTIVITIES

CAPITAL EXPENDITURE - PROPERTY, PLANT AND 
EQUIPMENT

2 (25 048) (3 809 292)

NET CASH FLOW FROM INVESTING ACTIVITIES  (25 048)  (3 809 292) 

TOTAL CASH MOVEMENT FOR THE YEAR 4 148 954 (4 729 711)

CASH AT THE BEGINNING OF THE YEAR 15 247 485 19 977 197

TOTAL CASH AT END OF THE YEAR 4 19 396 439 15 247 485
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1.2 FINANCIAL INSTRUMENTS

TRADE AND OTHER RECEIVABLES     
     
Trade receivables are initially and subsequently measured at the expected recoverable amount. Appropriate allowances 
for estimated irrecoverable amounts are recognised in profit or loss when there is objective evidence that the asset is 
impaired. The allowance recognised is measured as the difference between the asset’s carrying amount and the present 
value of estimated future cash flows.     
     
CASH AND CASH EQUIVALENTS     
     
Cash and cash equivalents comprise cash at bank that is readily convertible to a known amount of cash and is subject to 
an insignificant risk of changes in value. The carrying value of these assets is considered to approximate their fair values. 
    
     
TRADE AND OTHER PAYABLES     
     
Trade payables are initially and subsequently measured at the expected outflow of resources required to settle the liabil-
ity. Due to the short term nature of these liabilities the carrying value is deemed to approximate their fair values.

1.3 IMPAIRMENT OF ASSETS

The company assesses at each balance sheet date whether there is any indication that an asset may be impaired. If any 
such indication exists, the company estimates the recoverable amount of the asset.

If there is any indication that an asset may be impaired, the recoverable amount is estimated for the individual asset. If 
it is not possible to estimate the recoverable amount of the individual asset, the recoverable amount of the cash-gener-
ating unit to which the asset belongs is determined. The recoverable amount of an asset or a cash-generating unit is the 
higher of its fair value less costs to sell and its value is used.

If the recoverable amount of an asset is less than its carrying amount, the carrying amount for the asset is reduced to its 
recoverable amount. That reduction is an impairment loss. An impairment loss or assets carried at cost less any accumu-
lated depreciation or amortisation is recognised immediately in profit or loss. Any impairment loss of a revalued asset is 
treated as a revaluation decrease.

An entity assesses at each reporting date whether there is any indication that an impairment loss recognisd in prior 
years  for assets other than goodwill may no longer exist or may have decreased. If any such indication exists, the recov-
erable amounts of those assets are estimated.

The increase carrying amount of an asset other than goodwill attributable to a reversal of an impairment loss does not 
exceed the carrying amount that would have been determined had no impairment loss been recognised for the asset in 
prior years.
 
A reversal of an impairment loss of assets carried at cost less accumulated depreciation or amortisation other than 
goodwill is recognised immediately in profit or loss. Any reversal of an impairment loss of a revalued asset is treated as a 
revaluation increase.     

1.4 REVENUE

Revenue is measured at the fair value of the consideration received or receivable by the members as stated in the mem-
orandum of agreement net of value added tax.     

1.5 INCOME IN ADVANCE

Income received in advance is deducted from gross revenue to arrive at the net revenue and is treated as a liability at 
year end, as this amount has been received but the related expenses have not yet been incurred.
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NOTES TO THE ANNUAL FINANCIAL STATEMENTS

2021
R

2020
R

2. PROPERTY, PLANT & EQUIPMENT

COST /  
VALUATION

R

ACCUMULATED 
DEPRECIATION

R

CARRYING
VALUE

R

COST /  
VALUATION

R

ACCUMULATED 
DEPRECIATION

R

CARRYING
VALUE

R

OWNED ASSETS

COMPUTER EQUIPMENT 179 687 150 683 29 004 154 639 136 567 18 072

COMPUTER SOFTWARE 99 475 99 474 1 99 475 99 474 1

EQUIPMENT 18 578 025 16 040 406 2 537 619 18 578 025 14 771 597 3 806 428

- SEPAIR PLANT 3 806 427 1 268 809 2 537 618 3 806 427 - 3 806 427

- BRINE PLANT 14 771 598 14 771 597 1 14 771 598 14 771 597 1

OFFICE FURNITURE 6 711 4 443 2 268 6 712 3 967 2 746

TOTAL 18 863 898 16 295 006 2 568 892 18 838 851 15 011 604 3 827 247

The carrying amounts of property, plant and equipment can be reconciled as follows:

CARRYING 
VALUE

R

ADDITIONS

R

DEPOSALS

R

DEPRECIATION

R

2021 CARRYING
VALUE

R

OWNED ASSETS

COMPUTER EQUIPMENT 18 072 25 048 - 14 116 29 004

COMPUTER SOFTWARE 1 - - - 1

EQUIPMENT 3 806 428 - - 1 268 809 2 537 619

- SEPAIR PLANT 3 806 427 - - 1 268 809 2 537 618

- BRINE PLANT 1 - - - 1

OFFICE FURNITURE 2 746 - - 478 2 268

TOTAL 3 827 247 25 048 - 1 283 403 2 568 892
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CARRYING 
VALUE

R

ADDITIONS

R

DEPOSALS

R

DEPRECIATION

R

2020 CARRYING
VALUE

R

OWNED ASSETS

COMPUTER EQUIPMENT 32 610 - - 14 538 18 072

COMPUTER SOFTWARE 1 - - - 1

EQUIPMENT 1 3 806 427 - - 3 806 428

- SEPAIR PLANT - 3 806 427 - - 3 806 427

- BRINE PLANT 1 - - - 1

OFFICE FURNITURE - 2 865 - 119 2 746

TOTAL 32 612 3 809 292 - 14 657 3 827 247

The Sepair plant was comissioned at the end of the previous year and put into operation in the current year. 

3. TRADE AND OTHER RECEIVABLES

TRADE RECEIVABLES 214 204 3 798 311

VAT RECEIVABLE 82 443 232 496

296 647 4 030 806

2021
R

2020
R

Trade receivables are stated net of a provision for uncollected contributions of R666 670.
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NOTES TO THE ANNUAL FINANCIAL STATEMENTS

NOTE(S) 2021
R

2020
R

4. CASH AND CASH EQUIVALENTS

FAVOURABLE CASH BALANCES

ABSA CURRENT ACCOUNT 156 019 136 307

ABSA DEPOSITOR PLUS 3 143 762 112 450

ABSA AIMS INVESTMENT

- MARKET VALUE - B/FWD 14 998 728 14 571 565

- REINVESTMENT 684 363 883 540

- UNREALISED GAIN/(LOSS) ON 
  REVALUATION OF INVESTMENT

413 567 (456 377)

- MARKET VALUE 16 096 658 14 998 728

19 396 439 15 247 485

6. REVALUATION RESERVES

REVALUATION RESERVE - ABSA AIMS 
INVESTMENT

- BALANCE B/FWD - 249 425

- UNREALISED GAIN RAISED/(UTILISED) 413 567 (249 425)

- BALANCE C/FWD 413 567 -

7. PROJECT RESERVES

- BALANCE B/FWD 4 347 401 4 347 401

- REIMBURSEMENT EX PROJECT RESERVE (1 268 567) -

- BALANCE C/FWD 3 078 592 4 347 401

8. TRADE AND OTHER PAYABLES 

RESEARCH PROJECT ACCRUALS 4 974 969 4 475 395

SUNDRY ACCRUALS 77 219 127 630

5 052 188 4 603 025

9. REVENUE

CONTRIBUTIONS RECEIVED FROM MEMBERS, INCLUD-
ING ASSOCIATE AND EMERGING MEMBERS.

7 843 491 11 422 000

5. RESERVES
No reserves are distributable to the members and on liquidation of the company any remaining reserves must be 
transferred to an association with similar objectives.

The effect of Covid-19 resulted in a 31% drop in revenue. Members elected to reduce their contributions and Sasol Min-
ing and Exxaro Resources also resigned during and at the end of the year respectively.
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NOTE(S) 2021
R

2020
R

10. DIRECTOR’S EMOLUMENTS

- EXECUTIVE

   - REMUNERATION FOR MANAGERIAL SERVICES 1 875 672 1 700 447

11. OPERATING EXPENSES

ACCOUNTING FEES  91 683  85 167 

ADVERTISING 9 500 15 812   

ANNUAL REPORT 17 200 34 925 

AUDITORS REMUNERATION-FEES

 - CURRENT YEAR  75 456  75 000 

BANK CHARGES 4 972 6 292 

COMPUTER EXPENSES 51 071 50 064 

CONFERENCE AND FUNCTIONS 6 314 181 958 

CONSULTING FEES - 2 000 

DEPRECIATION 1 289 065 14 657 

EMPLOYEE COSTS - MANAGEMENT  2 143 288 2 041 571 

ENTERTAINMENT - 467 

INSURANCE  11 650 11 096 

LEGAL EXPENSES 16 932 28 975 

OFFICE RUNNING COSTS 1 750 5 827

PRINTING, STATIONERY AND POSTAGE 391 11 564 

PORTFOLIO CHARGES 155 557 150 302 

RESEARCH COSTS 6 512 296 8 848 194

SUBSCRIPTIONS 6 329 9 312 

TELEPHONE AND FAX  21 000 21 000 

TRAVELLING EXPENSES - LOCAL - 120 167

UNREALISED REVALUATION LOSS WRITTEN OFF - 206 952 

WEBSITE COSTS 6 666 18 495 

10 421 121 11 940 296

Research expenditure dropped by 26% because of the lockdown commencing in March 2020, which caused most proj-
ects to be delayed by up to six month. In addition, the lower revenue from contributions resulted in less new projects 
being approved for the year.

12. TAXATION
The company has been approved as a public benefit organisation in terms of section 30 of the Income Tax Act, and the 
receipts and accruals are exempt from income tax in terms of section 10(1) (cN) of the Income Tax Act.

A N N UA L R E P O R T 2020/21
w w w . c o a l t e c h . c o . z a152

F I N A N C I A L

https://coaltech.co.za/
http://www.coaltech.co.za


NOTE(S) 2021
R

2020
R

13. CASH GENERATED FROM/(USED IN) 
OPERATIONS

(LOSS)/INCOME FOR YEAR  (1 706 290) 722  956

ADJUSTMENTS FOR:

- DEPRECIATION 1 283 403 14 657

- INTEREST RECEIVED (871 340)  (1 188 056)

- UNREALISED GAIN/(LOSS) 413 567 (249 425) 

CHANGES IN WORKING CAPITAL:

- TRADE AND OTHER RECEIVABLES 3 734 159 (1 279 542) 

- TRADE AND OTHER PAYABLES 449 163  (129 066) 

. 3 302 662 (2 108 476)

A N N UA L R E P O R T 2020/21
w w w . c o a l t e c h . c o . z a153

F I N A N C I A L

https://coaltech.co.za/
http://www.coaltech.co.za

