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CHAIRMAN’S REVIEW

The year 2018 has been a reasonable year after
some internal challenges such as Board stability,
membership changes and with our new chief
executive steering a different pathway for the
organisation. We welcomed a new entity to the
Board table with the entry of Seriti Resources as
a major player in our industry and I look forward
to sharing the chairmanship with my new deputy
chairman Mr. Ranganai Chinamatira. With the
appointment of Mr. Chinamatira as deputy chairman,
the Board has agreed that I remain as chairman until
the 2020 AGM. I have gladly accepted this honour to
ensure continued stability for the organisation.

In April last year, we commenced with our
ideation process in the following areas:

The world has been affected by trade tensions between
the US and China, which has negative effects on the
remainder of world trade. Within our country, the
excitement of Ramaphoria has dwindled somewhat and
the recent elections have been concluded. It is now time
for collective action to get South Africa back on track to
meet its true potential.

• Mining
°° Drilling and blasting
°° Roof support
°° Sponcom

From a coal industry perspective, the supply-demand
landscape has been impacted by lower demand for
thermal coals, which has had a negative effect on
world market pricing for the commodity. It is therefore
imperative that we as an organisation support the
development of cost-effective solutions to ensure that
our industry remains competitive. Irrespective of the
preceding negative commentary, we need to prepare
for resolution of these many issues and look at how we
can make our contribution going forward.

°° Alternative mining methods
• Coal processing
°° Dry beneficiation
°° Waste beneficiation
°° Dewatering and drying
°° Fines beneficiation
• Surface environment

One of the highlights of the year was the opportunity
to present the work and opportunities highlighted by
Coaltech to the Coal Leadership Forum. This engagement
went very well, and this body confirmed its support and
encouragement for the work being carried out by Coaltech
going forward.

°° Water management
°° Rehabilitation
°° Waste utilisation
°° SHE performance
°° Legislation and facilitation
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°° Dust monitoring on continuous miners
°° The effects of antioxidants on sponcom
°° Quantitative pillar design, Phase 2: Improved utilisation
of underground coal resources
• Processing
°° Sepair pilot plant purchase and testing
• Surface environment
°° Alternative method of wetland rehabilitation
°° Vegetation resilience on rehabilitated land
°° A diatom-based pan index
°° Development of carbon off-set guidelines
°° Alternative method of brine treatment

The sub-committees remain at the core of our organisation
and I have stressed consistently that their work is critical
for the organisation to remain relevant. I encourage all
professionals in our industry to seriously consider putting up
their hands to help and guide us to a successful future.

The sub-committees are structured as follows:
• Mining (including underground mining, open cast mining,
ventilation, Engineering and Geosciences disciplines) – led
by Mr H. Potgieter
• Coal processing – led by Mr J. Voges
• Rehabilitation and surface environment – led by
Ms R. Muhlbauer

The following projects were completed
during the year:

During 2018, three MSc students completed their studies,
which brings the total number of students supported by
Coaltech to 123. There are also 13 bursary students currently
being supported by Coaltech. On behalf of the Board, I
would like to thank all the researchers for their dedication
and hard work towards delivering high quality outputs on
all the Coaltech projects. Detailed reports on the progress of
some of the projects are provided in the annual report.

• Mining
°° Publication of the SA coal and carbon petrographic
atlas
°° Quantitative pillar design, Phase 1
°° New methodology to study spontaneous combustion
• Coal processing
°° None completed
• Surface environment
°° Cattle grazing on rehabilitated land
°° Bee-keeping as a viable post-mine closure business
proposition
°° The use of dung beetles to improve mine rehabilitation
°° Rehabilitation decision interface for coal mining

It has been decided that the Coaltech Colloquium will be
held every 18 months and our next event is scheduled for
Friday 11 October at the Ridge Hotel in Emalahleni. The last
event was very well attended and we look forward to an
equally successful event.
Finally, I would like to thank the board members for their continued
support during the past year. A special thank you is due to Mr.
Stefan Venter who has decided to resign from the Board after
many years of very valuable service, our chief executive Henk
Lodewijks and our administrator, Carmen Bergman-Ally.

The following new projects are being
undertaken:
• Mining
°° Continuous miner cutting head methane ignitions
Phases 4 & 5. This project has been delayed by the
unexpected passing of project leader Cor Meyer who
had a long association with Coaltech

David Power
Chairman of Coaltech Research Association
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Best practices for stemming processes on a South
African opencast coal mine
T. Lumbwe, D. Roberts, J. Machake, M. Mpofu, S. Ngobese and B. Sereme

Stemming is the process of filling the collar of a
blasthole with inert material such as drill cuttings, gravel
or sand to confine the energy generated by explosives,
thus enabling efficient rock breakage. Poor stemming
is associated with excessive airblast (noise), ground
vibration, flyrock and poor fragmentation. The purpose
of this project was to research stemming processes on a
South African opencast coal mine so that best practices
could be identified.

Quantitative analysis was conducted by collecting pre-blast
and post-blast data. Pre-blast data had to be transferred
from a paper-based format to a digital format due to
a manual entry method used for capturing the data at
the mine. During this process, a number of errors and
inconsistencies were found. As a result of this quantitative
analysis, significant variations were found when comparing
the measured stemming lengths with rule-of-thumb designs
and with the mine’s planning sheets. Possible reasons
behind these variations were highlighted in the report. It
should be noted that deviations do not necessarily represent
failures of process, as conditions on the block may vary from
the assumed inputs to the design process.

Blasting practice and associated activities, including
stemming, were examined through a literature review. Blast
design, stemming design, stemming materials and local
and international regulations regarding stemming were
investigated, and selected case studies were described.
Following the literature review, an analysis of pre-blast and
post-blast data was conducted for an opencast coal mine.

Ground vibration and airblast readings were analysed for
the blast data gathered from the mine. Stemming length
was not correlated with incidences where excessive
airblast or ground vibrations were recorded, indicating
that other factors have more influence on the occurrence
of blasts that result in high ground vibrations and airblast.

Bench blasting geometry and parameters

Correlation between designed and actual
stemming length for all blasts. Those blasts
associated with ground vibration and airblast
triggers are shown in red.
A qualitative analysis was conducted by monitoring charging
and blasting procedures at two opencast mines for a period
of one month. A number of variations from best practice
and mine standards were observed, including: short holes
not being re-drilled, inconsistent burdens and hole spacings,

Blasthole geometry and parameters
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inconsistent measurement of hole depths, misaligned
holes, inconsistent management of hot holes, and others,
as described in the report. Videos taken during blasts were
analysed. This analysis revealed that drilling inaccuracies
resulted in underburdened and overburdened blastholes.
Stemming ejections and face blowouts were also observed,
both of which contribute to excessive airblast.

determine root causes and to allow the mine to take
corrective actions.
A best practice guide was generated from the project
outputs. Aspects of design, stemming material and
stemming selection were discussed and recommended
procedures were specified. In addition, an addendum
was provided which addressed the issue of stemming
in hot holes. Stemming prevents the escape of fumes
and heat, resulting in increased heating in the blasthole.
Temperatures increase further while stemming
operations are being completed. For these reasons,
some mines choose not to stem in hot holes. Precedent
was found in the literature and it was noted that this
practice is consistent with recommendations to limit
the “sleep time” within hot holes. Nevertheless, no
published standard exists to indicate whether hot holes
should be stemmed or not, and further research into
this question was recommended.

It was recommended that mines employ rigorous recordkeeping and archiving to capture all aspects of blasting,
possibly by moving to digital data capturing systems.
It was suggested that analysis of video recording can
be used to capture input blast parameters and blast
outputs, such as fragmentation and flyrock occurrence.
With such information available, a rating system could
be developed to indicate the quality of blasting.
It was further suggested that blasting performance
analyses should be done on a regular basis. Where blasts
exceed limits, analysis should be done immediately to
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Develop and improve technology to optimise the
suppression and control of coal dusts in underground
continuous miner sections
T. Ngobeni

This project was initiated through the Underground Colliery
Working Group, which is a Mining Industry Occupational
Safety and Health (MOSH) initiative, to identify practices,
devices and systems that would improve dust suppression
to reduce coal dust exposure levels in underground coal
mines in South Africa.
A working group was formed to oversee the progress
of the project, consisting of ventilation specialist
representatives from different mining houses, SHE
representatives, CM operators and production
personnel, as well as seconded OEMs and suppliers
when required. This group met on a regular basis to
ensure continued communication.

Figure 2: Daily production vs dust concentration
More analysis on the engineering dust was done to
compare dust concentrations with different work
shifts. The results indicated the morning shift to have
higher dust concentration as opposed to the afternoon
or night shift. This could be attributed to the work
performed during different shifts (production shift and
maintenance shift).

In year one, the project focused on gathering baseline
data as well as conducting a national and international
literature and technical review.
The mining groups forming part of the colliery
working group shared available dust data collected in
the routine dust sampling programs, as stated by the
airborne pollutants guideline, for engineering dust and
respirable dust.

The applicability and use of a historical project COL 518
were evaluated by questionnaires that were sent out to
mines. Responses showed that most mines still use the
COL 518 spray configuration which comes standard with
the continuous miner machine. The only differences are
the scrubbers used in each mining company.

For personnel dust exposures, four main occupations of
most exposed people were identified as the continuous
miner operator, shuttle car operator, roof bolt operator
and LHD driver. Figure 1 shows the exposure of the
different occupations.

In-house research to modify or alter the COL 518
spray system configuration has taken place in some
mines, and the modifications have been verified using
ventilation tests, computational fluid dynamics (CFD)
and gravimetric sampling.
Dust workshops were held with continuous miner
production personnel at Exxaro Coal, Sasol Mining and
Anglo American Thermal Coal to establish the practical
difficulties and behaviours around dust concentrations
and exposures in continuous miner sections.
The collated notes from the workshop data were
thematically grouped as they emerged. Nine themes were
identified; namely dust generation and dust exposure,
dust sampling and results reporting dust engineering
controls and maintenance, personal protective
equipment, communication, training, bonus structure,
silent victimisation and culture of working in silos.

Figure 1: Most exposed occupations
Dust concentrations were compared against coal
production rates for engineering dust data. No
correlation was found between these two variables.
Figure 2 show an example of the graphs.
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• Dust suppression and control technologies relative to
continuous miner operations, and their suitability to
maintain dust at legislated exposure limits.
• Dust PPE and effectiveness.
• COL 518 standards and procedures with reference to dust
suppression and coal dust explosion prevention, relative
to current milestones for dust exposure limits, and current
mining operations.
• Different scrubber designs available to the various
continuous miner models in use throughout the SA coal
mining industry, their applications and effectiveness in
achieving dust exposure limits.
• Current status of water spray nozzle designs and
specifications with specific reference to coal dust particle
suppression and control.
• Current dust suppression techniques on main intake
roads, last through roads as well as belt roads on selected
mines.

A list of employees’ suggestions to address some of the
challenges was also drafted. Suggestions emphasised the
involvement of management to improve monitoring and
evaluation of standard operating procedure systems, ensuring
adherence to these procedures by everyone, improving
dust incident investigation procedures, considering more
effective dust masks and improving communication between
management and workers.
A total dust sampling programme for continuous miners was
conducted using an agreed protocol guided by the colliery
working group committee and the project reviewers. To
date, two mining groups have been sampled successfully
and a third is being carried over into year two, along with
the evaluation of all the results.
A national and international literature review was conducted.
Findings are summarised into subtopics and the topics are
listed below:
• Particle size production and distribution for coal dust
produced by continuous miner operations.
• Participation of coal dust particles in a coal dust
explosion.
• The effect of different coal dust particles on the human
respiratory system.

The colliery working group recommended that as the project
proceeds to the next phase (year two) the research keeps up
with the progress and development of other projects being
conducted in the industry aimed at addressing the reduction
of respirable dust exposures in the coal mining industry being
carried out in South Africa.
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Preventing cutting head methane ignitions on
continuous miners – Phase 4.
A.P. Cook, T.F. Ngobeni, N. Spyridis and I. Labuschagne

A new combined compressor and air mover system was
designed, and workshop-based surface trials proved
encouraging. This led to further development and to
underground trials at Sasol Shondoni Colliery.

Scrubber on 12HM37
Integrated Air Solutions
compressed air assembly

The initial workshop-based trials overcame some initial
compressor and air mover problems, allowing for the combined
efforts from Coaltech with the continuous miner, compressor
and air venturi suppliers for the successful integration of the
new system into a JOY 12HM37 continuous miner, combined
with the existing COL518 water spray system.
Figure 3 compressor installed on Joy 12HM37
The combined new air mover and compressor system on
the continuous miner was commissioned and turned on for
the first time in Section 38 at Shondoni Mine on the 17th
February 2019, and the first production shift was carried out
on the 18th February 2019.
During the first six months of operation, there have been some
disruptions to the overall system, but in general the trials of
the compressor and air movers are indicating positive results.
Initial feedback from the operators and section crew on
the system’s effectiveness has been positive, particularly
regarding perceived lower airborne dust levels in the
immediate environment. This has been reported as increased
visibility in the heading and the improved ability to see
the cutter drum while cutting from the continuous miner
operator’s normal standing position. There have been no
reported overexposures on respirable dust and a significantly
reduced number of methane trips while the new system has
been in operation during the trial.

Figure 1 Workshop trial of air movers
Standard COL 518
directional high pressure
spray nozzles

New Terrajet
Venturi Airmovers

The increased water consumption over the existing spray
system is minimal, as the compressor and air mover system
utilises only 5L/min of water in addition to the approximate
consumption of 100L/min of the current spray blocks.
The underground trials at Shondoni are planned to continue
until at least the end of September 2019, during which time at
least two weeks will be carried out with the existing COL518
spray systems alone, to allow for comparative results with
the new system. The trials involve extensive personal dust
sampling, as well as real time dust and methane monitoring
by Sasol and by Coaltech Project 2.6.1 to Develop and
Improve Technology to Optimise the Suppression and Control
of Coal Dust in Underground Continuous Miner Sections.
These dust and methane monitoring results will allow for a
thorough empirical evaluation of the new system.

Figure 2 one of four air movers mounted with COL518
sprays
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Preliminary dust results as measured by the
daily CM dust sample and the Monitech onboard real-time MIE PDR 1000 Data Ram

The way forward
The dust result comparison in the graph above is currently
reflecting the engineering control effectiveness. A wide
range of personal dust exposure measurements are in
progress to determine if the same effectiveness can ensure
sustainable exposure below the mining milestone limits of
coal dust <1.5mg/m³ and crystalline silica < 0.05 mg/m³
sustainably.

Graph 1 below illustrates the comparison between the time
that the Terrajet compressed air system was fully functional
and when compressor downtime was experienced. The
consistent lower dust readings are indicative of the additional
compressed air spray pattern effectiveness.

The evaluation phase of this project is scheduled to continue
until the end of August 2019.

This graph also illustrates the remarkably good correlation of the
dust results obtained between the daily dust sampling results
and the readings from the on-board real-time dust monitor.

A preliminary evaluation report will be delivered at the end
of September 2019 for further consultation with industry
representatives and other stakeholders.

Graph 1: CM gravimetric dust samples vs on-board real-time
dust monitoring
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Adsorbent assisted drying of spiral
and flotation coal fines
R. Erlank, M. le Roux and Q.P. Campbell

Secondary objectives

Fine and ultra-fine coal has become more abundant in
the coal industry, mainly because of more mechanised
mining technology. Up to 15% of run-of-mine coal can
be in the -500 µm particle sizes and up to 6% of runof-mine coal can be in the -200 µm range.

1. Is adsorbent degradation (attrition etc.) significant
during operation?
2. What is the feasibility of a cold trap for water
knock-off and is it safe for human consumption
after the regeneration section of the adsorbents?

Fine coal has a larger surface area per mass unit than
coarser coal, causing it to retain more surface moisture
and making the dewatering practices even more
challenging. Current mechanical dewatering practices
can reduce fine coal’s total moisture down to 18-30%wt.

3. What is the economic feasibility and energy
consumption of a continuous adsorbent assisted
fine coal dryer?
4. What is the industrial applicability of a continuous
adsorbent assisted fine coal dryer?

Alumina-based adsorbent assisted drying of run-ofmine coal has been proven successful to dry coal in the
range -2 mm +0.25 mm from moisture contents of 1520%wt to below 8%wt in less than 10 minutes.

Experimental methodology
Material

It is now needed to study if adsorbent assisted drying is
feasible enough for spiral and flotation coal fines.

Coal

Objectives of this study

The origin of the coal being used in this study is No. 4
Seam of the Witbank Coalfield, South Africa. Spiral and
flotation coal products and tailings are being investigated.
The coal was sampled directly after filtration from the
spiral and flotation plants of a colliery mining on No. 4
and No. 5 Seam of the Witbank Coalfield.

Primary objectives
1. What is the drying ability of spiral (product and
tailings) coal fines using alumina-based adsorbents
in a cascading bed and how does it affect the
calorific value?

The d50 particle sizes of the spiral and flotation coals are
434 µm and 21 µm respectively. The proximate analyses
of the spiral and flotation products are summarised in
Table 1.

2. What is the drying ability of flotation (product and
tailings) fine coal using alumina-based adsorbents
in a cascading bed and how does it affect the
calorific value?

Table 1 Proximate analysis of spiral and flotation products

Objectives 1 & 2 are determined under:
a. Atmospheric conditions

Property

Spiral
product

Flotation
product

b. Various adsorbent to coal mass ratios (0.5:1;
1:1; 2:1)

Total moisture (%) (AR)

17.2 (±0.2)

23.5 (±0.4)

Inherent moisture (%)

2.0

4.4

Volatile matter (%)

22.5

22.1

Ash (%)

18.3

18.3

Fixed carbon (%)

57.2

55.3

c. Various adsorbent particle sizes (3mm and 5mm)
d. Using new, used and regenerated adsorbents
3. What is the regeneration ability of alumina-based
adsorbents by means of a packed bed column under
the following conditions?
a. 22°C and 40% relative humidity
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Adsorbents
The adsorbents (Figure 1) being used is Porocel Dryocel
848 activated alumina adsorbents which are spherical
in shape. 3 mm and 5 mm adsorbents are studied. The
adsorbents being used have a surface area of 320 m2/g
and a pore volume of 0.5 cm3/g.

Figure 3 Cylindrical vessels being used
1. 20 g of coal is weighed and added to the empty
cylindrical vessels.
2. The respective adsorbent to coal mass ratio’s
adsorbents is weighed and added to the wet coal
and the vessels are sealed off.
3. The cylindrical vessels are rotated at 50 rpm and
the drying process starts.

Figure 1 3mm (left) and 5mm (right) adsorbents
The adsorbents were drenched in water for a 48-hour
period and maximum water adsorptive capacities
were determined. The adsorbents reached maximum
adsorptive capacities of 46% and 45% for 3 mm and 5
mm adsorbents respectively within 1 hour of drenching.

4. Moisture analysis samples of the coal and
adsorbents are taken in time intervals of 2 minutes
until 16 minutes of drying.

Results and discussion

Apparatus and procedure

Effect of drying on calorific value

A rotating bed (Figure 2) with three rollers in tandem
and a variable speed motor is used on which cylindrical
vessels (Figure 3) of 50 mm inner diameter is placed. The
vessels each have a 5 mm baffle plate inside to improve
mixing and contact between coal and adsorbents.

Figure 4 Effect of drying on calorific value

Figure 2 Rotating bed being used
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Spiral product vs flotation product drying

Drying efficiency of used adsorbents

Figure 5 Spiral product vs flotation product drying

Figure 8 Drying efficiency of used adsorbents
The alumina-based adsorbents proved to yield
satisfactory results, drying the spiral and flotation
product coal fines to below 9%wt within 4 minutes
of contact time when using 1:1 or 2:1 adsorbent to
coal mass ratios. Furthermore, an increase of 3.0 MJ/
kg in calorific value can be obtained within 8 minutes
of drying of spiral product. Both 3 mm and 5 mm
adsorbents performed satisfactorily, with the former
yielding the best results. On spiral coal, 0.5:1 or higher
adsorbent to coal mass ratios dry sufficiently with
flotation coal only being able to be dried with 1:1 or
higher adsorbent to coal mass ratios. The adsorbents
can also be reused up to five times without regeneration
and still dry effectively when using a 2:1 adsorbent to
coal mass ratio.

Effect of adsorbent particle size

Figure 6 Effect of adsorbent particle size
Effect of adsorbent to coal mass ratio

Figure 7 Effect of adsorbent to coal mass ratio
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Summary of literature study on dry coal processing
N. Hughes

Conventionally coal beneficiation processes that employ
water are favoured based on the sharp separation
efficiency reachable. However, the substantial process
water constraint proves wet beneficiation impractical
and unsustainable in some parts of the world. As a
result, research into the development of dry methods for
effectively beneficiating coal has progressed; especially in
the arctic, arid and coal-rich regions. Part of the intention
of this research project is to provide a comprehensive
collection of pertinent information to dry coal processing
globally, and aid in understanding the applicability,
performance, success or failure thereof when focusing
on the South African coal market. This is achieved by
conducting an extensive literature study on dry coal
processing and compiling a review paper therefrom.

The means of any form of concentration can be simply
categorised into six separation mechanisms: comminution
and screening, sensor-based or optical sorting, gravity or
elutriation, magnetic, electrostatic and finally, a separation
based on surface characteristics. Each separation
mechanism provides unique advantages and limitations
with respect to processing coal of unique physical and
chemical properties and for efficiently yielding a clean
coal product of desired quality. The mechanism of
communication and screening is mostly utilised in the runof-mine fraction for obtaining a particulate ore body that
is in a handleable size range for downstream processing.
Units such as the rotary breakers, scalping screens and
slate pickers can be used as a basic form of concentration
in the removal of oversize material, uncrushable rock and
harmful debris. The methods available for dry materials
preparation, under each separation mechanism, are
detailed in the review paper (forming the first phase
of the research work) with special regard to those
applicable for coal beneficiation. Topics of working
principle, applicability, limitations, performance, success,
shortcomings, operability and costing are addressed for
each identified technique. Several methods are available,
each capable of successfully beneficiating coal to varying
degrees for specific coal characteristics, particle size,
moisture, unit capacity and process efficiency limitations.
Generally, technologies belonging to categories (2) and
(3) are utilised for coarse coal (6 - 100 mm) processing,
with high tolerance for moisture (0 - 7% wt) and large
unit capacity and throughput (5 - 350 tph) along with low
processing cost. These, however, yield poorer separation
efficiencies when compared to wet processing (EPM: 0.04
- 0.29) due to the characteristics of the coal and individual
limitations of the separation mechanism. Studies relating
to the use of sensor-based sorting and gravity separation
for the small and fine coal (0 - 6 mm) fractions are found in
literature but may only be efficient at reduced production
rates and require further investigation and possible
upscaling for commercialisation. The Dual Energy X-ray
Transmission Sorter (DE-XRT) in category 2 and pneumatic
jigs (All Air jig), air oscillating tables (standard, FGX, KAT
and AKAflow), air fluidised bed separators (ADMFB and
variants), cyclonic suction separation (SEP-AIR), dry reflux
classification and winnowing in category 3 are discussed.

Over the years, numerous dry techniques have been
developed for processing a wide range of materials in
the food, fuel, industrial minerals, mining and recycling
sectors. Dry processing holds several advantages over
alternative water-based methods and may prove
indispensable in the near future, especially in coal
preparation. The advantages of dry coal processing
must, however, be measured against the limitations
thereof. Although successful separation is obtained in
numerous dry coal separators, the efficiency may not
always compare to that of a wet coal beneficiation
plant. As a result, coal beneficiation plants operating
exclusively on dry techniques is a goal that is yet to be
achieved and most commercial dry methods are currently
limited to pre-concentration, scavenging, separation of
an “easy to clean” coal with little near dense material
and concentration of a coal that does not require a
large upgrade to meet product specification. Given
the current global resource and environmental trends,
especially with regard to water scarcity, coal preparation
practices will soon have to adapt. As a consequence,
a significant commercial and environmental drive has
emerged for the development of an effective and
efficient alternative approach to water-based coal
beneficiation. This may be irrespective of the proven
technical and economic feasibility of these currently
employed wet methods.
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Of the commercially available units for the coarse coal
fraction, the pneumatic jigs and tables provide the
poorest possible separation efficiency with the ADMFB,
SEP-AIR and DE-XRT potentially providing the best in
descending order. The possibly low EPM values relating
to the DE-XRT are as a consequence of sensitive selectivity
which may in turn significantly reduce productivity.
While considering throughput, the ADMFB provides
the best performance but suffers from dense medium
related issues concerning the consumption, recovery,
cleaning and recycling of the magnetite and also the
presence of moisture. The SEP-AIR may not necessarily
yield the low EPM value of the ADMFB but operates
without dense medium and provides the opportunity
to process a large particle size range including the (1
- 6 mm) fraction generally discarded with the other
processes. The techniques forming part of categories
(4) and (5) have a relatively high separation efficiency
which is suitable for producing high-quality coal but in
the fine fraction (45 μm - 6 mm) and at the possible
expense of production rate and operational cost.

based methods with some necessary considerations
to possible limitations set forth by the following: coal
geology, application and product specification, particle
size distribution (PSD), moisture, efficiency, capacity
and cost. Dry coal processing may well be established
in the near future through new plant instalments and
upgrades, in the arid and arctic regions; but may also
be preferred for small and remote operations and
shows promise for processing of fine and ultra-fine
material given further investigation. For these reasons,
dry beneficiation of coal may be well suited in certain
applications in South Africa, which is now categorised
as a water-stressed country. The simple and modular
plant design allows for easy implementation and
relocation making it possible to erect such plants in or
near the various small reserves and also remote and
under-developed areas such as the Waterberg coalfield.
These reserves hold significant potential but cannot be
exploited until the infrastructure is significantly improved
and are required in order to sustain the demand from
Eskom and independent power producers.

The applicable techniques in categories (4) and (5) are
the rare-earth-roll magnetic separator (RERMS) and triboelectrostatic separator (TBS), respectively. These processes
have strict requirements in terms of coal properties
(magnetic and dielectric) and degree liberation. Thus, the
separation efficiency and throughput may be limited and
so these methods are mainly used for special purposes
such as desulphurisation by pyrite removal. Moreover,
the magnetic and electric separation mechanisms are
moisture sensitive and require almost bone-dry feed
coal with relatively narrow particle size ranges. In certain
cases, it may be useful to combine magnetic and triboelectric separation with a microwave pre-treatment of
the coal prior to beneficiation. Microwave treatment
is known to enhance either the magnetic susceptibility
or dielectric properties of pyrite and in so providing a
more effective magnetic or tribo-electrostatic separation,
respectively. Microwave treatment of coals has also
proven experimentally successful for dewatering and
improvement of grindability.

Currently, however, most South African collieries are
merely attempting to optimise their coal production in
order to supply the inland or export markets depending
on revenue. It is unlikely that the export market will grow
until the present coal oversupply and high prices change.
This establishes a shift toward the domestic coal market
in South Africa and focus is placed on the thermal and
synthetic fuels sectors. Some small dry coal washing
operations have already been undertaken in South Africa
with the FGX unit situated in Klipfontein, Mpumalanga.
As mentioned, the SEP-AIR pneumatic concentration
complex proves most attractive for implementation in
South Africa due to its fair separation efficiency and
wide particle size processing range; when in comparison
to the alternative FGX and ADMFB separators.
It may not be possible to completely eliminate wet coal
processing due to the sharp separation efficiency and
large yields obtainable; making it ideal to supply the
large demand. Dry coal processing can, however, solve
the water and infrastructure related issues that the
South African coal preparation industry now faces.

It is concluded that dry coal beneficiation has the
potential to wholly or partially replace the current wet
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Dry coal beneficiation by winnowing
Q. Campbell, M. le Roux and L. Morgan

Dry coal beneficiation is becoming increasingly important
world-wide as an alternative to traditional wet methods.
Water resources are under threat, as is the impact of
wet processes on the environment. Dry coal processing
is not new, but there were always penalties in terms of
efficiency, especially at low density cut points. The dry
processing of smaller particles is also very difficult.

The basic design of the box is shown in Figure 1. Air moves
horizontally through the box in the top section. This air
can either be blown into the inlet together with the coal
feed or sucked through the outlet. The latter is preferred
since it offers better dust control. In the latest version of
the protype, the outlet air flows through a dust cyclone
to trap and recover any fine dust carried with the air. The
coal or tracer feed is introduced with the feed air and is
carried along a horizontal path by the air stream by virtue
of the surface drag on the particles. As a result of the
mass (density), drag (size and shape) and initial horizontal
velocity, a particle will follow a parabolic path while being
under the influence of gravity, striking the bottom at
some distance along the horizontal axis. Size of density
separation can be achieved by recovering particles from
certain regions along the bottom of the box. The denser
particles will report to the feed side of the box, with
the lighter particles carried further along the horizontal
distance. The position of the particle along the horizontal
plane thus depends on the mass, density, size and shape
of a particle as well as the air velocity through the vessel.

Since the dawn of the human agricultural era, wind or
air has been used to affect what is essentially a density
separation of products like wheat and chaff. The crop
is thrown into the air, where the chaff (being lighter,
and has shapes causing higher drag) is carried away
by wind, while the heavier valuable wheat grains fall
straight back to the ground.
There have been attempts in the past to apply this
principle to fine coal, but for some reason it was never
commercialised to any scale. With renewed pressure on
industry to address the effects of coal mining on the
environment, it has become attractive to reassess the
use of the winnowing mechanism.

It became clear very early in the project that the classical
size / density problem was very real. It was impossible
to separate clearly on only density for mixed feeds. This
was indicated by simulation, by tracer test confirmation,
and well as real coal runs.

Coaltech provided funding to researchers at NorthWest University in 2017 for a master’s project on
this topic. The project scope was to investigate, at a
fundamental level, what the limitations of horizontal
flow air winnowing are in the South African context.
A three-phase approach was followed: modelling (CFD,
DEM and others) to design and optimise a prototype
laboratory scale winnowing machine, operating the
box using perfect density tracers, and finally running
the box on real coal particles. There have already been
three iterations on the design of the box, and the latest
one is under construction at the time of writing.

Figure 2: Size separation in the horizontal winnower at
an air flow velocity of 21 ms-1. The positions of the bin
separation plates are shown in the legend and refer to
the distance from the feed side of the box.
Figure 2 shows that size separation is preferential in a mixed
feed system, which is a well-understood phenomenon.
Small high-density particles can behave the same as large
low-density particles. Each of the sections or bins contained

Figure 1: Prototype 2 of the horizontal air winnower
developed at North-West University
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narrow size distributions, but wide density distributions, as
shown in Figure 3. It is known from fundamental particle
flow behaviour theory that the size effect on separation
is usually three orders of magnitude that of the density
effect. This means that a two-stage process - primary
separation on size, and secondary separation on density will most likely be required.

distributions.
Table 1: Performance data for the case: air flow velocity
= 21 ms-1, separator plate at 23 cm from the feed end.
Particle size

2 mm

4 mm

6 mm

Overall

Actual cut point

2.08 g cm-3

1.89 g cm-3

1.38 g cm-3

1.85 g cm-3

Yield (by number
of tracers)

97.2%

75.2%

19.4%

63.9%

E.p.m.

0.054

0.177

0.136

0.384

The actual yields, cut points, and e.p.m. values for the
above tests are shown in Table 1. It can be observed
that the cut points achieved were very size dependent
for the same conditions, but that the overall cut point
for all sizes combined was in the region of the required
1.7 gcm-3. This confirmed that our understanding and
prediction of the motion of particles was in fact correct,
and that simple particle tracking models could predict
the real data, at least for tracers. Obviously significant
optimisation needs to be done to align the cut points and
separation efficiencies with industry needs.

Figure 3: Density distribution in each of the three bins
for only the 4 mm tracers, as an example.
During the tracer tests, it was shown that it was possible
to predict the density cut points that could be obtained
in the machine. As an example, Figure 4 shows the
partition curves obtained for a size and density mixture
of tracers at an air flow rate of 21 ms-1. The separator
plate defining the product and discard at the bottom
of the box was set at 23 cm from the feed end, aiming
theoretically for a cut point of 1.7 g cm-3.

The fundamental behaviour of tracers and coal particles
of different sizes, shapes and densities were extensively
investigated and characterised until a comprehensive
understanding of the mechanisms were achieved.
This was also made possible by the utilisation of the
Rhovol Density Analyser that could map the size, shape,
volume and hence density of individual particles in
large populations. The analysis and interpretation of
the collected data is ongoing. The Rhovol is also useful
to generate densimetric data for real coal particles, to
ultimately and quickly construct partition curves without
the need for laboratory float and sink tests.
For the remainder of the project, the priority is to complete
the actual coal partition curves, and to commission the third
version of the prototype, and repeat the coal tests on it. It
will be done using three different coal sources, and it will be
attempted to lower the cut points somewhat by changing
air flows and separator plate positions. The ultimate aim
of the project is the design of an effective two-stage air
winnower, with sufficient fundamental information about
its operation to predict the yields and cut points that can
be achieved. This will also include the understanding of the
effect of the shapes of the coal particles.

Figure 4: Partition curves for three tracer sizes, at an air
flow velocity of 21 ms-1.
It is clearly seen that the different tracer sizes each
have their own partition curve, and that the combined
partition curve shows a much poorer efficiency
of separation. This again confirms that effective
density separation can only happen with narrow size

23

ENVIRONMENT

24

The absorption capabilities of different bamboo
species grown on acid mine drainage and wine effluent soil
and the extent of the chemical and physical deformation
Z. Mthabela

The wine industry plays a crucial role in the South African
economy as it rated amongst the top ten producers in the
world. This industry however has negative outcomes from its
production processes, such as contaminated soil and water.
Labour laws regarding the rehabilitation of land motivated
for the plantation of three bamboo species to help resolve
soil contamination. Three species of bamboo namely;
Bambusa Balcooa, Bambusa Bambos and Dendrocalamus
Asper were planted seven years ago on a winery in the
Western Cape, Vredendal. The bamboo species were also
grown on uncontaminated soil approximately 10 km away
from the winery and established as control samples. All three
species grew and survived the contaminated conditions and
climatic conditions. The growth rate differed between the
three bamboo species on the wine effluent site.

shoots began forming after three months and it ranged
amongst the highest mass loss in both the contaminated
and control soils. This species was then disregarded for the
greenhouse pot plant test due to its struggling nature when
compared to the other two bamboo species.

Greenhouse pot plant test summary
The plants were translocated on 24 October 2018
at the UNISA greenhouse. A total of 112 pots plants
were assembled. It took seven days for the bamboo
seedlings to get delivered from Swellendam, Western
Cape. The bamboo seedlings arrived dry and some had
begun to deteriorate on arrival. The plants dried up a
week after translocation (Figure 1). The plants were
initially watered three times a week, but algae began
forming around the second month and the plants were
left to fully dry before watering resumed once a week.

Project aim
The study aims to establish if the same species can be
grown under acid mine drainage conditions and to
evaluate the growth rate and deformation under these
conditions. This section of the research was performed
under a pot plant test inside a greenhouse with
controlled temperature and humidity conditions. The
duration of this test is scheduled to be a year.
Another part of the project is to evaluate the level of
deformation incurred by the three bamboo species grown
on wine effluent (WE) and to compare with one grown
on the control soil. Chemical, mechanical and combustion
tests will be performed to establish the above aim.

Figure 1: One week after translocation
The soil analysis had been conducted and the soil had been
analysed for pH, cation exchange capacity (CEC), total
P (phosphorus), total K (potassium) and total metals (Cu,
Zn, Mn, Pb and Fe). The soil analysis revealed that the WE
bamboo had more nutrients when compared to the control
soil. The soil pH from both Western Cape soil types was
similar and ranged around 6.62, which indicated that the
winery site soil had gone through rehabilitation over the
seven years of bamboo plantation. The AMD soil however
was totally different and had less soil nutrients as compared
to the wine effluent soil. The AMD soil pH ranged between
3.27 and 5.6 for the uncontaminated soil.

Trial test
A trial test before the main test was performed to study
the six-month-old bamboo seedling’s ability to grow and
survive under new conditions. All three bamboo species
were tested, the pot trial test took place between May
to August 2018 at the Agricultural Research Council in
Tshwane. It was noted that the B. Balcooa seedlings under
both the contaminated and control soil managed to survive
the three months’ test. This species had the least problems
in adjusting to the translocation and had an average loss
of mass in both soil conditions. The B.Bambos plants took
approximately two months to adjust to the translocation
and their colour had changed during the first month but
improved as time proceeded. New shoots and leaves began
forming after two months and had the most amount of
mass loss under the WE conditions. The D. Asper plants
took the longest time to adjust and start reproducing. New

The first quadrimester samples (16 pots) were sampled on
25 February 2019 and were sent for ICP elemental analysis.
There was no improvement in the soil analysis conducted
after the four-month period. The second quadrimester
samples were sampled on 26 June 2019 and were sent for
ICP elemental analysis. The pot plants grew steadily during
the first five months after translocation (Figure 2).
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the hemicellulose was 26.80% and the cellulose content
of 47.97%. All the best results were obtained from the
middle to the top section of the bamboo culm from all the
bamboo species. There was a 1 – 10% drop in chemical
composition from the bamboo grown on the control soil
and those grown from the wine effluent soil. The calorific
values from all the bamboo species grown on control soil
ranged between 16.6 MJ/kg to 18.4 MJ/kg. The heating
values also indicated a similar (but lower) drop in results
from the bamboo grown on contaminated soil. The
results from the bottom section of all the bamboo species
and soils generally had the least amount of calorific values.
Figure 2: Five months after translocation

Field Emission Scanning Electron Microscopy (FESEM)
analysis was also performed on all the bamboo samples.
The control soil bamboo samples, as illustrated in Figure
4, under the 200X magnification looked similar to those
grown on wine effluent soil. There was however a
slight change in structure or a form of deformation on
the bamboo samples grown on contaminated soil. The
change in structure is subtle (view Figure 5) and is more
visible on higher magnification of 1.00 KX as compared
to the 200X magnification.

The wine effluent soil bamboo are growing at a quicker
rate in comparison with the AMD soil bamboo. This is
not surprising since the AMD soil conditions have less
nutrients and are more acidic.
The samples lost majority of their leaves due to no
watering (attending to chemical analysis) occurring
for four weeks in April. The plants in both type of soils
started to grow new leaves in the second week of May
2019. Figure 3 shows the plants steadily growing back
their leaves. The drought period of a month has helped
indicate the species resilience and ability to survive severe
drought even when the seedlings were 12 months old.
There are currently 80 pot plants remaining.

Figure 4: B.Balcooa 3 Middle 1- uncontaminated soil

Figure 3: Eight months after translocation and onemonth drought period

Matured bamboo chemical analysis
The chemical analysis using the wet chemistry
methodology was performed on all the matured bamboo
culms collected from the wine effluent site and control soil
site 10 km away from the winery. The analysis indicated
that the lignin composition ranged up to 15.89% and

Figure 5: B.Balcooa 3 Middle 1- contaminated soil
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The same pattern was observed on the D.Asper bamboo
samples grown under contaminated conditions under
the same magnification. The SEM results further
confirmed that there is a slight change between the
samples grown on the control soil and those grown on
contaminated soil.

The greenhouse test has four months remaining and
will end on 24 October 2019. The mechanical tests
are ongoing, and the combustion tests will follow to
help establish suitable end applications for the matured
bamboo.
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Update of the 2007
Guidelines for the Rehabilitation of Mined Land
R. Hattingh

Initiated in September 2017, the Land Rehabilitation
Society of Southern Africa (LaRSSA) was commissioned
to update the existing Minerals Council South Africa’s
(MinCoSA’s) 2007 Guidelines for the Rehabilitation of
Mined Land.
The work included the following:
• A desktop review of relevant guidelines and
standards.
• An upfront work session to devise updated guideline
needs and objectives.
• Four field assessments during October to December
2018 (Coaltech mine sites that could be used to
assess long-term rehabilitation-related stability and
functionality already achieved).
• Revision of the 2007 Guideline.
The revised guidelines have now been completed, titled
Land Rehabilitation Guidelines for Surface Coal Mines
(2019).
As in the 2007 guidelines, the updated guidelines are
specifically for surface coal mines, and do not cover
rehabilitation of coal mine-related waste facilities such
as waste rock dumps and/or tailings dams. Focus remains
on achieving safe, stable and functioning landscapes
that have productive (ecological, agricultural and/or
socio-economic) post-mining land uses. Although the
project scope was purely to update technical aspects
of the 2007 Guideline, the 2019 Guideline provides
significantly more detail on the importance of upfront
planning, monitoring and post-rehabilitation adaptive
land management.
Coaltech and the LaRSSA team would like to see this
updated Land Rehabilitation Guidelines for Surface Coal
Mines (2019) become the key rehabilitation handbook
for coal-mining land rehabilitation practitioners. We
encourage your teams to obtain a copy and make good
use of its content!
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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.

assistance if the restoration goal is expected to be
achieved within a reasonable time frame.
Rehabilitation consists of a step-by-step approach where
soil stripped ahead of cut is regarded as best practice
for capping mined spoils, this referring to the topsoiling activity of opencast strip mines. The replacement
thickness of these soils varies from being the full depth
of the soil placed at a fixed depth based on the required
land capability post-mining. One of the major challenges
in the mining industry is where the soil thicknesses are
extremely limited due to poor utilisation of soils or thin
soils in the pre-mining environment. Before topsoiling
takes place, the spoils area is shaped to create a free
draining profile, the placed topsoil follows the free
draining topography, the topsoil is fertilised and seeded
with indigenous annual and perennial plant species. The
process often does not include soil testing to determine
whether improvement measures are required for longterm sustainability. In addition, future maintenance
requirements are often not considered or adequately
addressed. Current rehabilitation strategies by South
African mining companies rely heavily on a supply of
topsoil, a scarce resource, to support remediation of soils
disturbed by mining and as the platform substrate for
land restoration.

A large quantity of low-grade waste is generated
through extraction, processing, marketing and sale of
coal in South Africa. The environmental deterioration
caused by mining can be viewed as the result of wasteful
working practices and rehabilitation measures. Because
the by-products from mining do not always have an
immediate commercial value, the handling and storage
of the waste have both a short- and long-term impact
on the environment and usually results in pollution.
The implementation of strategies to mitigate the negative
environmental impacts from the coal mining industry
throughout the life cycle of the mine remain one of the
industry’s most significant challenges. While mining by
its very nature has the inevitable consequence of land
disturbance, these affected areas must be restored to
an agreed land capability with a sustainable land use
that by virtue of implication have no or very little residual
environmental risk.

The figure 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.

From a sustainable development perspective, and in
accordance with legislation, mining industry is duty
bound to mitigate environmental land degradation
brought about by its mining activities (this is referred to as
rehabilitation). The aim of rehabilitation is to restore land
use to its previous land capability or, as in most cases,
to be mitigated to commitments made in the individual
mine’s environmental management programs. This
means minimising the negative impacts of operations on
the environment and local communities at all stages of
the mining cycle. This activity lends itself to the definition
of restoration. The Society for Ecological Restoration
defined ecological restoration as the process of assisting
the recovery of an ecosystem that has been degraded,
damaged or destroyed. Although evidence has indicated
that the unassisted process of natural colonisation can be
very powerful and deliver fully developed and functional
ecosystems within 100 years, this does not always occur.
Restoration of mine wasteland often requires human

Figure 1: Opencast strip mining value chain
On opencast mining operations, topsoil is a very
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precious resource and the management of this resource
is critical for achieving post-mining land capability
commitments, reducing liabilities and leaving behind a
positive legacy by achieving sustainable development.
However, on most of the 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 EMPR is very unlikely.

Innovative ways of achieving a non-polluting, functional
and sustainable mining landscape in the absence of
sufficient topsoil is urgently required. Despite coal mining
being one of the leading industries in South Africa,
research in the field of coal biotechnology is generally
lacking. China and to a lesser extent India and Brazil are
at the forefront in terms of research output on the fungal
bioprocessing of low rank coals and are advancing rapidly
to clean coal technology.

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 can be associated with severe environmental
impacts including combustion, rainfall infiltration and
acid seepage. Current best practice for managing such
storage dumps includes utilising a three-layered cladding
system: Layer 1: 30 t/ha lime spread evenly on the
compacted discard to neutralise and control acidity. Layer
2: 250 mm of compacted subsoil material to minimise air
and water ingress Layer 3: 300 mm of good quality topsoil
with minimum compaction to sustain plant cover. Topsoil
is prepared for re-vegetation by tillage and fertilisation
with agricultural lime (3t/ha) and super-phosphate
fertiliser (1t/ha), and a fine mist irrigation system is used
to assist establishment of a range of grass types.

The remediation of degraded sites has been well
documented and researched. These sites provide insight
and learnings that could be applied to the rehabilitation
of affected areas. Bioremediation is not new and refers
to the use of plants, animals, soil and soil microbial life
activity and its metabolites to alter the chemical properties
and physical structure of the soil while enhancing
soil fertility. 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 loss of soil structure and fertility are the main causes
of soil degradation. This is one of the main threats to
crop production leading to a loss in food production
well into the future. This is significant for large opencast
mines surrounded by communities. The implementation
of environmentally friendly technology would be a
viable solution for achieving sustainable restoration
of degraded soils. Degraded land could be re-instated
using bacterial and fungal inoculate. These microorganisms increase the nutrient bioavailability through
nitrogen fixation and mobilisation of key nutrients
including phosphorus, potassium and iron. Furthermore,
the micro-organisms promote soil aggregate formation
leading to stability.

To mitigate the environmental impacts created by
low grade coal, biological processing has attracted
a fair amount of interest due to its advantages over
conventional chemical and thermal processing.
Thermal processing involves the re-mining of lowgrade bituminous coal from discard facilities to produce
electricity. This process is regarded as an innovative and
economical approach both locally and internationally.
This strategy is regarded as self-financing and an
effective way to deal with discard coal dumps in
terms of managing their impacts on surface. Before
combustion, the waste coal is processed into viable
fuel to reduce emissions levels and for compliance with
local legislation and regulatory authorities. Processing
involves pulverising and mixing with limestone to
reduce emissions of sulphur dioxide during combustion
of the coal for power generation. Addition of limestone
also reduces the acidity of the coal material which yields
an alkaline ash residue that can apparently be utilised
on mine dumps to alleviate acid mine drainage (AMD).
Unfortunately, such processing increases the overall
cost of the material as an energy feedstock and the
electricity produced is generally more expensive.

The successful use of micro-organisms 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 use of topsoil has been found to be valuable in fasttracking the establishment of microbial communities
when considering soil cover strategies for mine
discard soils. These communities are conducive in the
biochemical processes for establishing plant species.
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Revegetation in mining has been widely exploited to
control environmental hazards associated with mine
tailings, and is viewed as a sustainable and cost-effective
solution across mined landscapes including undermined
waste such as discard dumps.

Vegetation improves the development of microbial
communities but only tolerant or lithotrophic microbial
phylotypes are sustained in the rehabilitation process
of mine discards, but the use of micro-organisms as
bioindicators for monitoring soil ecosystem function
in association with changes in the physiochemical and
biological condition is recognised through their rapid shift
in response to environmental changes. Studies indicate
that micro-organisms in native soils from local plant
communities have the ability to cope better with in situ
edaphic and climatic conditions, thus the addition of such
native soils to the reclamation project may ameliorate the
substrate physiochemical conditions resulting in lesser
wind dispersal of tailings material and will speed up shifts in
microbial phylotypes towards soil microbial communities.
However, the response of microbial communities to
amendments are still poorly understood.

Studies have shown that vegetating these sites using
pioneer plants might prevent the oxidisation of sulphide
minerals thus promoting ecological restoration on mine
tailings. However, successful revegetation of non-polluting
and sustainable tailing landscapes has not been frequently
recorded. This is probably because of the inherent
ecotoxicity from slats, heavy metals and the high acidity
of this material accompanied by a lack of organic material
and the availability of macro-nutrients preventing native
colonisation and recruitment of plants.
This has led to the drive to ecologically restoring mine
affected landscapes through finding means of direct
revegetation. Amendments such as fertiliser, ripping,
organic amendments, mulch and liming target these
primary constraints. These amendments could also
influence the potential for soil evaporation and could
curb gully formation. Placing native soils as a form of an
amendment has reportedly sped up the development of
soil biogeochemical functions in weathered and neutral
discard material.

Problem statement
On opencast mining operations topsoil is a precious
resource and the management of this resource is critical
for achieving post mining land capability commitments,
reducing liabilities and ensuring a positive mining legacy by
achieving sustainable productive post-mining landforms.
However, on most opencast operations there is a
shortfall in topsoil availability from topsoil stockpiles
and ahead of the mining cut for replacement on the
reshaped spoils, which means achieving the post mining
land capability commitments set out in the EMPR is
very unlikely. This enhances the risk of environmental
degradation and sterilising large tracts of land, with the
resultant impact on food security and livelihoods.

Difficulties exist in establishing vegetative cover in semiarid environments. Abandoned land is challenging as it is
limited by high evaporation and temperature variability
associated with high evaporation being exposed to
strong winds further resulting in low soil moisture and
unfavourable conditions for plant germination and
growth. The main attributes of soil degradation and
difficulty in vegetation cover establishment at degraded
sites are soil thermal and hydrological properties, with
emphasis on strong water limitations..

This study aims to assess the vegetation establishment
on carbonaceous rich material associated with coal
mine waste material through the use of coal degrading
fungi, and microbial mixes to enhance vegetation
growth to establish a functional vegetation community
and reduce pollution.

Looking at these limiting factors, it is important that
one considers the suitability of plant species during
selection. Important considerations would be high seed
germination rate, resistance to drought stress, alkali
stress, heavy metal stress, aridity stress and tolerance
to acidity as well as rapid growing plants that would
increase the soil’s organic, physical and chemical
properties. Furthermore, indigenous pioneer plants
have been proven to have many of these properties
required, with legumes being well adapted to survive in
low nutrient soils under climatic stresses.

If these prove to have successful outcomes, further
studies could evaluate sustainability that could save the
mining industry significant amounts of money, establish
novel sustainable landscapes and reduce environmental
pollution.
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Aims, objectives and hypothesis
The aim of the study is to assess the substrate and
vegetation properties pre- and post-application of the
microbial and chemical amelioration on the test sites.
The objectives will aim to determine and describe
the changes in the:
• substrate chemistry;
• soil physics;
• soil biology; and

Figure 2: Site location plan (Google Earth Pro 2018)

• vegetation response.

Both sites contain harsh material that is either acidic
with a low buffering capacity or neutral with a high
salinity and sulphur content. It is postulated that the
black material absorbs large amounts of heat, impacting
further on vegetation germination. Both sites are heavily
compacted. These could be ascribed to both mechanical
and chemical action. The compacted areas result in
a decrease in water ingress resulting in an artificial
drought inhibiting vegetation seed germination.

It is hypothesised 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 for all stakeholders.

The opencast backfilled site has a trial area consisting
out of 20 hectares and the mineral discard storage
facility of 1 hectare in size (Figure 3).

Proposed methodology
The study areas are situated in the Mpumalanga
coal fields in South Africa. The opencast backfilled
site is approximately 18 km south of the town of
Witbank. The Mineral Residue Storage Facility (MRSF)
site is approximately 12 km south west of the town
(Figure 2). Both the study areas are located on active
operations. The opencast backfilled site is located on
a large opencast operation and consists of backfilled
spoil material that has been reshaped to a post-mining
design elevation. The second trial site is situated on a
Mineral Residue Storage Facility. The selected area is on
a relatively flat slope to limit the influence that a steep
slope might have. Both the areas are earmarked by a
variability in particle size of carbonaceous rich material.
There is a lack of topsoil to clad the areas to a depth
that is prescribed by the EMPR relating to the postmining land capability.

Figure 3: Trial site layout
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The operational objective was to cover a large amount
of area with the microbial standard treatment. This
consisted of a correction in the calcium and magnesium
ratio associated with a pH correction along with the
application of chemical fertiliser to augment the nutrient
deficiency in the substrate.

Variation between mulched and un-mulched plots is
insignificant (Figure 4).

Treatment sites were selected, demarcated and marked.
The MRSF was treated and seeded during March 2018
and the opencast backfilled area was treated in July
2018 and was seeded in September 2018. Control
sites were selected adjacent to the coal site and care
was taken that these sites could not be affected by
windblown inoculation or treatment material.
The treatments consisted of:
• no microbial treatment;
• microbial treatment only;

Figure 4: Penetrometer analysis

• microbial treatment with mulch; and

Time plays a significant role to allow the fungi to
effectively break down the material, thus it was
expected that no immediate observation in compaction
reduction would be observed. It is however important
to report on the substrate fraction of both opencasts
backfill and the MRDF.

• control.
The following measurements will be used to
determine and describe change:
• Temperature (soil surface)

Soil fraction are classed as follows:

• Soil moisture content

Table 1: Soil fraction size classes

• Soil chemical and physical analysis
• Soil biological analysis
• Vegetation yield – biomass

Size fraction

Size (mm)

Rocks

Larger than 75 mm

Gravel

2-75 mm

• Floristic composition – species

Sand

0.05 -2.0 mm

• Soil compaction – penetrometer

Silt

0.002 -0.5 mm

Clay

Smaller than 0.002 mm

Preliminary findings

Both the sites were subjectively classed with the
following observations:

Soil compaction
A soil penetrometer was used to measure resistance as
an indicator of the ability of plant roots to penetrate the
soil. The rod of the penetrometer was forced into the
substrate to measure resistance to vertical penetration.
The results were recorded at 1 cm depth intervals with
the associated resistance measured in Kpa.

• Opencast backfill – dominated by large rocks infilled
with gravel like (2 to 75 mm) and sand-like (0.05 to
2 mm) material.
• MRDF – due to the beneficiation process particle
sizes are relatively uniform with a gravel fraction size
of 2 mm to 5 mm dominating. Finer material of 0.05
to 2 mm makes up the filling material.

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

of hits and misses on measured distance intervals. This
data will be fully discussed in the final report.
Furthermore, to this a pot trial was conducted to look
at vegetation cover over a shorter period. Opencast
material was collected and placed in 10 kg plant bags.
The material was treated and inoculated on site in
accordance with the protocol.
The following data set presents data from June. This is
also the last data set from the pot trial and was regarded
as the point of optimum cover for the trial period:

Pot trial data set A to E
A1

19.69% C1

62.50%

E1

0.02%

A2

16.98% C2

65.65%

E2

0.83%

Figure 5: Opencast backfill challenges

A3

24.08% C3

66.11%

E3

0.08%

The large rocks posed a critical flaw to the approach
and a solution was sought to overcome this challenge.
In Figure 5 in the far-left image, the large rock material
can clearly be seen. In the South African winelands
in the Western Cape, farmers are challenged with
shallow Glenrosa soil forms that require 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 5.

A4

61.40% C4

55.36%

E4

0.39%

A5

65.78% C5

24.49%

E1

0.02%

B1

74.21% D1

11.67%

E2

0.83%

B2

85.50% D2

11.28%

E3

0.08%

B3

70.21% D3

22.49%

E4

0.39%

B4

53.53% D4

12.92%

B5

68.21%

This data is graphically presented below. The data is
expressed as percentage cover. The program Canopeo
was used to calculate the cover for each treatment.
Canopeo makes use of fractional green canopy
cover as a key diagnostic variable that can be used
to estimate canopy development, light interception
and evapotranspiration partitioning. Canopeo was
developed by Oklahoma State University using Matlab
and is based on colour ratios of red to green (R/G) and
blue to green (B/G) and an excess green index (2G-R-B).

This type of intervention will significantly alleviate
compaction and allow impacted land to be effectively
accessed by agricultural equipment.
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 for all stakeholders.

Treatments A to D is presented in the table below:
Treatment no. Treatment protocol

The line transect method was used to measure both
abundance and species composition, basal cover was
calculated as a percentage obtained from the amount
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A

Tef 1 and 3 mulch

B

Mix no mulch

C

Mix mulch

D

Mix 2 and 4 mulch. No fungi.

E

Control

used in conjunction with soil analysis, soil temperature,
compaction and soil moisture.
Figure 6 presents the leaf analysis nutrient % for the
MRDF. There is no data for the control as there was
no growth, thus interpretation will be based on the
constituent’s threshold levels.
Micronutrients are expressed as Mg/Kg (Figure 7).
Micronutrients are key for the growth of plants although
these nutrients are required in much lower levels.
The interpretation of the analysis will form part of the
final COALTECH report.

Figure 7: Leaf analysis of the MRDF expressed as a %
of the constituents

Figure 6: Vegetation cover - Pot Trials
Leaf analysis
The objective of leaf analysis is used in supporting soil
analysis in determining the nutrient status, in order to
make fertiliser recommendations. Representative leaf
samples were taken for analysis. Leaf analysis is reported
in elemental form and is expressed as the concentration
of the element in the sample (on a dry mass basis). These
values will vary substantially over the growth season
hence the importance of standardising the approach.

Figure 7: Leaf analysis with micronutrients expressed
in Mg /Kg
Microbial activity (fungcoal)
Soil microbial enzymatic activity is a good indicator
of soil health. Soil dehydrogenases fall within the
oxidoreductase enzymes class. Soil dehydrogenase
activity (DHA) is considered one of the most important
among all the enzymes in the soil environment. DHA
is considered a good indicator of the overall microbial

Leaf analysis is a valuable diagnostic resource in assisting
to determine the shortfall of nutrients for plant growth
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activity in soil and relates to the total viable microorganisms within the soil environment.

This is proving to be a very exciting study. The
combination of the data to be analysed as listed below
would provide clear evidence of the advantages in using
this technology to successfully establish vegetation on
areas that have limitations in terms of topsoil:

Dehydrogenases take place intercellular in the soil in all
living microbial cells. Furthermore, soil dehydrogenase
is strongly linked with microbial oxido reduction
processes. DHA measurements can thus be applied
as an indicator of the re-establishment of associations
between the biota and functional restoration in minerelated degraded systems.

• Temperature (soil surface)
• Soil moisture content
• Soil chemical and physical analysis
• Soil biological analysis

Dehydrogenase activity was assessed for each sample
site. These are depicted in graphs below in Figures 8
and 9. Figure 8 presents the data from the MRDF and
Figure 9 presents the data from the backfilled opencast
area.

• Vegetation yield – biomass
• Floristic composition – species
• Soil compaction – penetrometer
The image below provides a view of the 20 Ha trial at the
opencast operation. The establishment of vegetation is
clearly visible.

The analysis of the data will be presented in the final
COALTECH report.

Figure 9: Opencast backfill trial site
Establishment of vegetation in extremely harsh conditions
such as on mineral discard facilities is especially difficult.
The images below show the high success rate achieved
in using the Fungcoal technology approach.

Figure 10: Mineral residue discard facility trial site
Figure 8: Dehydrogenase analysis MRDF

This technology will assist to manage degraded mining
sites, significantly reducing pollution potential and liabilities.
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Zaalklapspruit wetland rehabilitation
monitoring programme
P. Oberholster

Wetlands are sensitive ecosystems where water is the
primary determinant influencing both the aquatic life and
riparian plant growth it supports. These unique ecosystems
are vulnerable to the detrimental effects of Acid Mine
Drainage (AMD) that affects aquatic life through the
increase in acidity and metal concentrations and the
degradation of habitat conditions. Wetlands provide more
ecosystem services per hectare than any other ecosystem,
being sites of intense biogeochemical activity that play
an important role in improving water quality. Therefore,
the knowledge gained from the rehabilitation monitoring
program of the Zaalklapspruit wetland can play a major role
in wetland restoration in the post-mining landscape. The
rehabilitation of the Zaalklapspruit wetland involved the
increase in surface area to allow for increase in macrophyte
and soil contact. The latter increased the filtration and
suspension of pollutants as well as biologically mediated
processes which strongly affect water chemistry, resulting
in the removal of contaminants from the water column.

Figure 1 shows the different sampling site sampled
during 2018
From the study it was evident that the loss of ecological
resilience and the subsequent regime changes during the
drought period in the Zaalklapspruit wetland was due to
the inter-play between physical, chemical and biological
processes as observed between the different sampling
trips from early 2015 to 2018. As the drought progressed
in late 2015 and during the whole year of 2016, water
levels in the wetland were reduced, causing large areas
of previously water–logged sediments to be exposed to
desiccation and oxidation. The physico-chemical changes
that occur during desiccation may have several effects
on the overlying water quality when rainfall resumes
and sediments are rewetted. It is a well-known fact that
wetland sediments that are enriched with SO42- (sulphidic
sediments) through inputs such as acid mine drainage
may be sensitive to acidification following drought. Under
waterlogged conditions in a wetland, sulphate reducing
bacteria use SO42- as the terminal electron acceptor
during anaerobic respiration, with hydrogen sulphide
(H2SO) as the respiratory end-product. Sulphide can react
with various metals, including iron (Fe), to form mineral
sulphides such as pyrite. The process of acidification
occurs when sulphidic material is oxidised during drying to
form SO2- with associated mobilisation of acidity into the
receiving wetland upon rewetting.

The focus of the project is to determine to what extent the
rehabilitation in the Zaalklapspruit wetland improved water
quality downstream. Improvement in the water quality was
assessed through abiotic parameters e.g. pH, alkalinity,
metal concentrations, TDS and electrical conductivity as well
as periphyton algae, as a biotic parameter. Although the
rehabilitation intervention had an immediate effect, with
significant rewetting of the wetland areas taking place in
2015, the 2016 drought had a noteworthy effect, reducing
the self-purification capacity of the wetland. During the
2016 drought, little natural removal of metals by the
wetland occurred. This period showed high concentrations
of metals and electric conductivity (EC) associated with
acidic surface water. The dominant periphyton algae species
sampled during this time indicated critical levels of pollution.
However, from 2016 onwards, environmental conditions
improved. In 2018 the surface water quality, as well as the
algae indicator species were comparable to the ecological
state of the wetland observed in 2015. As such, the wetland
overall indicated a decline in concentrations of the selected
abiotic parameters with distance downstream from Site 1.
Conversely, the measured pH showed a gradual increase
from Site 1 to the outlet of the Zaalklapspruit wetland.
This, in conjunction with increasing CaCO3 levels, shows
that the wetland restoration provided sufficient buffering
capacity to increase pH to circum-neutral levels at the last
site. Overall, the Zaalklapspruit wetland systems showed an
improvement in water quality with distance downstream
from the inlet Site 1 (Figure 1).
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Figure 2 shows an illustration of macrophyte growth in
2017 at the cement structures put in place to deactivate
the erosion and re-establish the wetland (left). From the
2018 illustration it is evident that the macrophytes were
re-established after four years.

Figure 3 shows an illustration of macrophyte expansion
from 2015 to 2018 at the different cement structures to
reduce flow and increase the surface area to allow for
increase in macrophyte and soil contact to AMD water.
The outcome of the 2018 monitoring programme also
showed an increase in the area of macrophyte growth
(Figures 2 and 3). Macrophyte presence and microbial
uptake are probably the most widely recognised
biological processes for metal removal in wetlands.
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Develop risk-based predictive framework and best
practice guideline on the assessment, design, construction and
maintenance of soil covers to mitigate acid mine seepage from
rehabilitated backfilled pits for Mpumalanga Highveld
A.J. van Zyl
• Best practice guidelines and decision support
systems on water resource protection for the mining
industry do not effectively address the link between
geochemical and groundwater impact and mitigation
prediction procedures to soil covers for rehabilitated
mine land, specifically on soil cover design to minimise
moisture- and oxygen ingress into mine residue to
mitigate AMD.

Coaltech is funding a research project to mitigate acid mine
drainage (AMD) production and seepage for rehabilitated
backfilled pits by limiting water and oxygen ingress into
the spoil with soil covers. This will ultimately reduce the
latent risk of AMD seepage from rehabilitated backfilled
pits, resulting in reduction in that it could require costly
mitigation during post-closure. Soil covers can also be a
cost-effective alternative option to geosynthetic covers or
engineered liner systems to mitigate AMD.

• From recently published international guidelines
on the assessment, design, construction, and postclosure care and cover performance monitoring of soil
covers to mitigate seepage impact on groundwater,
the following key components and procedures are
lacking in South African guidelines:

This research is complemented with similar research
funded by the Water Research Commission (WRC) on
soil covers at coal discard facilities.

Research sites

°° Cover water balance (unsaturated flow) modelling
to predict the extent that moisture ingress can
be minimised with soil covers to mitigate AMD
production and seepage.

Soil covers were studied at seven research sites located
at two rehabilitated backfilled pits for the Coaltech
funded project. For the WRC project, similar research
was conducted at eight research sites located at three
discard dumps. The studies focussed on soil covers that
were constructed over 20 years ago to determine cover
material properties and vegetation characteristics that
represents the long-term in-service soil cover conditions.
The determined cover properties will be used to predict
the long-term cover performance in mitigating AMD
production and seepage. The soil covers that were
characterised include well and poorly constructed
monolithic (single layer) and composite (multi-layered)
covers with a wide range in cover material properties.

°° Procedures on dedicated cover design and impact
prediction, construction soil covers and post-closure
care and cover performance monitoring to minimise
moisture and oxygen ingress, AMD production and
seepage.
It was recommended that a risk-based predictive framework
and best practice guideline on the assessment, design,
construction and post-closure maintenance and cover
performance monitoring of soil covers are developed with
the aim to mitigate AMD from rehabilitated backfilled pits
and coal discard dumps, based on existing procedures in
South African guidelines and procedures from international
guidelines lacking in South African guidelines. No further
development of existing procedures was recommended.

Literature review and gap analysis
South African and international guidelines on mine
rehabilitation, AMD mitigation and soil covers were
reviewed to conduct a gap analysis on procedures on
the design, construction and post-closure care and
maintenance of soil covers to mitigate AMD production
and seepage in support of groundwater protection.

Cover material and vegetation
characterisation
Material hydraulic properties were determined for the
various cover layers and underlying spoil from in-field
infiltrometer tests and laboratory determined water
retentivities of intact core samples. The full range of
soil physical properties, chemistry and fertility were
determined for the various cover layers, and the full range
of geochemical analyses of the spoil below the covers.
Root development and cracks through the covers were
characterised from test pits. Seasonal monitoring of leaf
area and biomass; in-field oxygen concentration and
water content of intact soil covers were conducted.

The following was concluded from the literature review
and gap analysis:
• Guidelines on rehabilitation of mined land do
not effectively address the link between land
rehabilitation and mitigation of AMD, specifically on
how and the extent that land rehabilitation limits
AMD in support of groundwater protection.
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lower compared to values reported for veld
for Mpumalanga. This indicates importance of
unsaturated flow modelling to optimise vegetation
to limit AMD.

The determined cover material and vegetation
properties, and spoil geochemistry will be used as
model input for the unsaturated flow- and geochemical
models to predict moisture and oxygen ingress into the
spoil, and AMD production and seepage.

Development of risk-based predictive
framework

The following key conclusions were made from
material and vegetation characterisation:

A risk-based predictive framework was developed as
a quantitative risk assessment tool for dedicated soil
cover design with the aim to mitigate AMD production
and seepage. The framework addresses the following
key aspects:

• Tension cracks were observed in all the highly
compacted covers, which is absent in the slightly and
moderately compacted soil covers.
• In-field determined saturated hydraulic conductivities
of the highly compacted covers are marginally (about
1-1.5 order of magnitude) lower than for moderately
compacted covers due to preferential flow through
the tension cracks observed in the highly compacted
covers. This is in agreement with international
studies.

• Regulatory and statutory requirements for a riskbased predictive tool for dedicated soil cover design
to mitigate AMD with soil covers.
• Internationally accepted source-pathway-receptor
approach to predict the extent that soil covers can
mitigate seepage impact on receiving groundwater.

• Compaction increases water retention, but
considerably decreases water storage capacity. High
water retention and water storage capacity are
required for soil covers to minimise moisture ingress
and AMD production and seepage.

• Existing procedures included in South African
guidelines and procedures from international best
practice guidelines on soil cover design, construction
and post-closure maintenance and monitoring to
mitigate AMD and groundwater seepage impact for
those components lacking in South African guidelines.

• Determine leaf area indices, an indicator of
plant transpiration and moisture ingress, are
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Fabricated soils from South African coal processing waste
S. Harrison, T. Kotsiopoulos, M. Smart, J. Amaral Filho, I. Schneider, B. Firpo, J. Broadhurst, J. Weiler, A. Mphinyane

The coal industry has been engaged in relation to its
commitment to the environment by reducing the impacts in
the coal life cycle. Currently, most of the efforts are focused
on end-of-pipe technologies such as carbon capture and
storage, clean coal combustion technologies and control of
pollution using waste disposal and water treatment facilities.
Very little emphasis has been placed on opportunities
related to use or recycling of downstream wastes. However,
sustainability through resource conservation and recycling
is a growing field of research and development in which
recent researchers have demonstrated the benefits of the
principles of circular economy and industrial ecology in
contrast to the current end-of-pipe approaches. According
to several studies carried out worldwide, desulphurisation
of coal, gold and copper mine tailings prior to disposal
can effectively remove the long-term risks of ARD, whilst
simultaneously providing opportunities for the additional
recovery value and the downstream utilisation of separated
waste fractions. Nevertheless, the repurposing of coal waste
is part of innovative practices that can contribute towards
sustainable development in the mining sector.
Coal mining and processing is very harmful for the
surroundings, including environment and communities,
and if not managed, the implications associated can
have long-term effects on health and environmental
quality. Unfortunately, highly potential agricultural lands
and ecologically sensitive environments are already
compromised worldwide due the poor management
practices with regards to soil removal and storage during
mining activities. Aiming to avoid such socio-environmental
liabilities, mining activities must be rehabilitated and the
post-mining landscape returned to a sustainable land use,
congruent to its pre-mining agricultural land capability
maintaining the soil in an acceptable state for the next
generations. However, by the end of the mining lifespan
the collieries do not have enough topsoil to cover the
required area, and burrowing topsoil from elsewhere is a
common practice which results in extra transportation and
related costs and emissions.

In this project, we propose the use of coal ultrafine waste
for the fabrication of soils for use in rehabilitation through
a transdisciplinary and comprehensive approach according
to (Figure 1). These soils are to be fabricated by the
combination of coal ultrafine waste and soil amendments
to provide the organic fraction of the soil. These soil
amendments are themselves selected from waste organic
materials available in the region. The soils are designed
to provide the soil structure, porosity, permeability and
nutrient requirements for fertile soils to sustain vegetative
covers. It is proposed that the nature of these soils also
be studied to ensure absence of metal mobilisation and to
assess their broader use for value-add crops such as biomaterials, renewable feedstocks and bio-energy crops.
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Figure 1: Transdisciplinary and comprehensive approach
for soil fabrication from coal processing waste
This removes waste and reduces the need to mine or
burrow topsoil, thereby protecting over-exploitation of
natural capital. The approach minimises water-based
environmental burden as well as terrestrial burden. It seeks
to provide a new product in the form of fabricated soil.
The project’s success requires the integration of expertise
in mineral processing, environmental biotechnology and
engineering, and bioprocess engineering.

In this project we seek to address three environmental
burdens emanating from the coal industry:
• The need to dispose of or, preferably, repurpose waste
materials from the coal processing industry. In this
instance, in particular, fine and middling coal ash.

The innovation in this project centres on:

• The need to prevent potential for generation of acid
rock drainage.

• minimising the potential for generation of acid mine
drainage; and

• The need to provide fertile growth medium for the
re-vegetation of impacted soil and rehabilitation of
coal mine sites.

• maximising resource productivity through
repurposing of waste.

• minimising waste burden created and stored;
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Surface-strip coal mine rehabilitation risk assessment:
The development of an integrated rehabilitation risk
assessment model for use in South Africa and Australia
V. Weyer

Publications

Surface-strip coal mine rehabilitation planning in South Africa
and Australia is immature. Rehabilitation risk assessment,
despite being advocated by leading practice guidelines and
in some instances by legislation, is conducted with minimum
requirements often met by rehabilitation professionals.
Specialist data is gathered during mine approval and for the
environmental impact assessment process. However, the
focus of this is toward assessing mining impacts and not for
rehabilitation risk assessment.

Surface-strip coal mine land rehabilitation
planning in South Africa and Australia: Maturity
and opportunities for improvement
http://dx.doi.org/10.1016/j.resourpol.2017.09.013.
This paper sets the study foundations and substantiates
the need for the research. This was achieved by
developing a maturity model with objectives for mature
upfront surface-strip coal mine rehabilitation planning,
integration and rehabilitation risk determination. Mine
approval consultant rehabilitation reports and the mine
rehabilitation guidelines likely used by these consultants
to prepare these, in South Africa and Australia,
Queensland and New South Wales, were evaluated
using the model to determine whether they addressed
the maturity model’s objectives. The need to determine
a site’s total rehabilitation failure risk upfront as an aid
to improving rehabilitation planning was established.

Quantitative, integrated, multi-disciplinary rehabilitation
risk assessment is seldom undertaken. This thesis
provides a methodology towards the development
of a quantitative, integrative, multi-disciplinary
rehabilitation risk assessment model. Its purpose being
to ‘profile’ surface-strip coal mine sites, in terms of their
rehabilitation risk and potential for rehabilitation failure,
from the outset of mine operations, with adjustments
possible progressively during mine operations. The
methodology was developed by first reviewing
techniques suitable for the development of the model,
as well as techniques developed by others. Bayesian
networks (BNs) were found to be the most suited.

Quantifying rehabilitation risks for surface-strip coal
mines using a soil compaction Bayesian network
in South Africa and Australia: To demonstrate the
R2AIN framework

A Rehabilitation Risk Assessment Integrated Network
(R2AIN) framework was then provided as a process
towards developing several BN risk event models that
can amalgamate to form a synthesis rehabilitation risk
assessment model. A case study soil compaction BN model
was used to demonstrate the framework in South Africa
and Australia. The case study showed that it is possible
to integrate and quantify rehabilitation risk, and most
importantly to segregate risk into discrete contributing
multi-disciplines for analysis. Risk percentages can be
calculated per multi-discipline, per mine phase, per site,
to aid site risk ‘profiling’. It is recommended that further
risk event BN models be prioritised for development and
that a rehabilitation risk assessment model be developed
to synthesise these into one model.

http://dx.doi.org/10.1002/ieam.4128
This paper describes a rehabilitation risk assessment
integrated network (R2AIN™) framework (Figure 1 and
2) that can be applied using BNs to integrate and quantify
rehabilitation risks. The framework has seven steps,
including key integration of rehabilitation risk sources
and the quantification of undesired rehabilitation
risk events to the final application of mitigation. The
framework provides a process towards developing
several BN risk event models that can amalgamate to
form a composite rehabilitation risk assessment model.
The framework was demonstrated using a soil
compaction (Figure 3 and 4) case study BN model in the
Witbank Coalfield (Kleinkopje), South Africa and the
Bowen Basin (Caval Ridge), Australia.

This will require continuous improvements in the method,
to build confidence, including extensive risk event and
synthesis BN model evaluation and testing; improved
BN input node states and values; and simplification of
the conditional probability table construction method.
Adaptation to other mining types, development activities
and other regions should be investigated, as well as
spatial linkages to geographic information systems.
This research contribution improves upfront mine
rehabilitation planning and decision-making, providing
improved tools and techniques than what currently exist.

The approach allows for a probabilistic assessment of
rehabilitation risk associated with multiple disciplines to
be integrated and quantified. Using this method, a site’s
rehabilitation risk profile can be determined before mining
activities commence and the effects of manipulating
management actions during later mine phases to reduce
risk can be gauged to aid decision making.
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Figure 1: Visual representation of the 7-step R2AIN
framework (inner ring). Alignment is illustrated with the
ISO 31000 - Risk management standard process (outer
two rings). Source: Weyer (2019)

Figure 2 Rehabilitation risk event categories (step 1), and as ordered in levels from L1 (low risk) to L6 (high risk).
Natural and anthropogenic risk source categories are shown under step 2 and 3 respectively. Source: Weyer (2019).
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Figure 3: Pre-mining phase soil compaction BN model (A, top section). Natural risk sources are integrated as
component models: topography (block 1), vegetation (block 2), hydrology (block 3) soils (block 4), and climate (block
5) to the target node “pre-mining soil compaction risk” (block a). Mining to post-mining phase soil compaction BN
model (B, bottom section). The pre-mining phase BN model (block a) was combined with an anthropogenic risk
sources BN component model (block b), which included machinery management (block 6) and soil management
(block 7) risk sources. The target node is “mining to post-mining soil compaction risk”. BN = Bayesian network.
Source: Weyer (2019).
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Figure 4: Comparative results for the climate
component BN model for Kleinkopje (a) and
Caval Ridge (b). Data are entered into the
BN models as observations and are indicated
with red bars. This new information is then
propagated through the rest of the BN to
update the probability distributions of other
nodes, indicated with green bars. AU =
Australia; BN = Bayesian network; H = high;
L = low; M = medium; SA = South Africa.
Source: Weyer (2019).
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Independent Auditors' Report

To the Members of Coaltech Research
Association NPC

of the financial statements and our auditors' report
thereon.

Report on the Audit of the Financial Statements

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.

Opinion

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.

We have audited the financial statements of Coaltech
Research Association NPC set out on pages 6 to 14, which
comprise the statement of financial position as at 31 March
2019, and the statement of comprehensive income, the
statement of changes in equity and the statement of cash
flows for the year then ended, and notes to the financial
statements, 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 2019, and its financial
performance and cash flows for the year then ended in
accordance with the International Financial Reporting
Standard for Small and Medium-sized Entities and the
requirements of the Companies Act of South Africa.

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.

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 performing
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 Accountants (Parts A and B). We believe
that the audit evidence we have obtained is sufficient
and appropriate to provide a basis for our opinion.

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 accounting unless the directors either intend to
liquidate the company or to cease operations, or have no
realistic alternative 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
material 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

Other reports
The directors are responsible for the other information.
The other information comprises the Directors' Report
as required by the Companies Act of South Africa as set
out on page 5. Other information does not form part
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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.

disclosures are inadequate, to modify our opinion.
Our conclusions are based on the audit evidence
obtained 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.

As part of an audit in accordance with ISAs, we exercise
professional judgement and maintain professional
scepticism throughout the audit. We also:

• 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.

• 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 appropriate 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,
misrepresentations, or the override of internal
control.

• 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.		

• Obtain an understanding of internal control relevant
to the audit in order to design audit procedures
that are appropriate 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 related disclosures made by the
directors.

Ransome Russouw Incorporated
Per: HJ Russouw
Registered Auditor

• 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 significant 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

19 June 2019
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 responsible 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 standards 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 directors 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 predetermined
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 goingconcern 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 shareholders, 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 48 to 49.
The annual financial statements as set out on pages 52
to 60 were approved by the board on 19 June 2019
and were signed on behalf by:

Chairman
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Chief Executive Officer

Directors' Report

The directors submit their report for the 4. Post balance sheet events
year ended 31 March 2019.

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.

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

2. Review of activities

5. Directors
These directors were in office at year end
following changes during the year:
D. Power (Chairperson)
S. van der Woude
C. Maila
S.J. Venter
N. Singh
S. van Wyk
A. Pillay
R. Chinamatira
H. Lodewijks (Chief Executive Officer)

The principle activities of the company is that of
promoting communal and group interest by the
development of technology and the application of
research findings in the South African coal industry.
The financial position of the company at 31 March
2019 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 settlement of liabilities,
contingent obligations and commitments will occur
in the ordinary course of business.

6. 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.

7. Independent Auditors
Ransome Russouw Incorporated was the auditing
company for the year under review.
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Annual Financial Statements as at 31 March 2019
Statement of Financial Position

Note(s)

2019
R

2018
R

2

32 613

5 220

32 613

5 220

ASSETS
Non-current assets
Property, plant and equipment

Current assets
Trade and other receivables

3

2 751 262

4 820 831

Cash and cash equivalents

4

19 977 197

14 627 794

22 728 459

19 448 625

22 761 072

19 453 845

Total assets
RESERVES AND LIABILITIES
Reserves
Retained income

5

13 432 156

11 503 306

Revaluation reserve

6

249 425

-

Project Reserves

7

4 347 401

4 347 401

18 028 982

15 850 707

4 732 090

3 603 138

4 732 090

3 603 138

22 761 072

19 453 845

Current liabilities
Trade and other payables

8

Total reserves and liabilities
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Annual Financial Statements as at 31 March 2019
Statement of Comprehensive Income

Note(s)

2019
R

2018
R

9

10 213 048

10 196 545

10 725

-

(9 534 060)

(9 492 942)

689 713

703 603

Interest received

1 239 137

847 993

Income for year before taxation

1 928 850

1 551 596

-

-

1 928 850

1 551 596

249 425

-

DMS Pilot "dry plant" project - funding received

-

3 000 000

DMS Pilot "dry plant" project - transferred to reserve

-

(3 000 000)

2 178 275

1 551 596

Revenue

Other income

Operating expenses

11

Income before interest

Taxation

12

Income for year after taxation

Other comprehensive income:
Unrealised gain on revaluation of Aims investment

Total comprehensive income
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Annual Financial Statements as at 31 March 2019
Statement of Changes in Reserves

Retained
Income
R

Project
Reserve
R

Revaluation
Reserve
R

Total
Reserves
R

Balance at 01 April 2017

9 695 649

1 603 462

-

11 299 112

Comprehensive income for the year

1 807 657

2 743 939

-

4 551 596

Income for year

1 551 596

-

-

1 551 596

256 061

(256 061)

-

-

3 000 000

-

-

3 000 000

DMS Pilot "dry plant" project - funding released to reserve

(3 000 000)

3 000 000

-

-

Balance at 01 April 2018

11 503 306

4 347 401

-

15 850 707

Comprehensive income for the year

1 928 850

-

249 425

2 178 275

Income for year

1 928 850

-

-

1 928 850

-

-

249 425

249 425

13 432 156

4 347 401

249 425

18 028 982

Note(s)

Reimbursement ex demonstration project reserve
DMS Pilot "dry plant" project - funding received

Unrealised gain on revaluation of Aims investment

Balance at 31 March 2019
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Annual Financial Statements as at 31 March 2019
Statement of Cash Flows

Note(s)

2019
R

2018
R

13

4 150 906

(83 965)

-

-

Interest received

1 239 137

847 993

Net cash flow from operating activities

5 390 043

764 028

(40 640)

-

(40 640)

-

5 349 403

764 028

14 627 794

13 863 766

19 977 197

14 627 794

Cash flows from operating activities

Cash used in operations
Project plant funding received

Cash flows from investing activities

Capital expenditure - Property, plant and equipment

2

Net cash flow from investing activities

Total cash movement for the year

Cash at the beginning of the year

Total cash at end of the year

4
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Annual Financial Statements as at 31 March 2019
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, except for the
measurement of certain financial instruments at
fair value, and incorporate the principal accounting
policies set out below.
1.1		

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.

Property, plant and equipment

		 Items of property, plant and equipment are
measured at cost less accumulated depreciation
and any accumulated impairment 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.

		

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 liability. Due to the short
term nature of these liabilities, the carrying value
is deemed to approximate their fair values.

		 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
Five years
• Computer equipment
Three years
• Computer software
Two years
• Equipment - Brine treatment plant
Two years
• Equipment - other
Five years

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-generating
unit to which the asset belongs is determined.

		 The depreciation charge for each year is
recognised in profit or loss unless it is included in
the carrying amount of another asset.
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The recoverable amount of an asset or a cashgenerating 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 accumulated 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 recognised in prior years for assets other
than goodwill may no longer exist or may
have decreased. If any such indication exists,
the recoverable amounts of those assets are
estimated.

		

		 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 memorandum of
agreement net of value added tax.
1.5		

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.

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

2019
R
4.

2018
R

Cash and cash equivalents
Favourable cash balances
ABSA current account

743 087

48 084

4 662 545

1 105 983

13 473 727

13 013 968

Income net of charges

848 413

459 759

- Adjustment to market value

249 425

-

14 571 565

13 473 727

19 977 197

14 627 794

249 425

-

4 347 401

-

-

17 500 000

ABSA Investment account
ABSA Aims investment
- B/fwd / Lump sum invested
- Reinvestment

- Market value

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.

6.

Revaluation Reserves
Revaluation reserve - ABSA Aims investment
- Unrealised gain

7.

Project Reserves
Balance b/fwd
Brine treatment plant - funding received
Less: Released to retained income
DMS Pilot "dry plant" project - funding received
Balance c/fwd
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-

(16 152 599)

4 347 401

1 347 401

-

3 000 000

4 347 401

4 347 401

8.

2019
R

2018
R

4 613 968

3 286 194

118 122

316 944

4 732 090

3 603 138

10 213 048

10 196 545

1 577 705

2 021 411

Accounting fees

87 018

85 038

Annual report

39 740

33 035

Trade and other payables
Research project accruals
Sundry accruals

9.

Revenue
Contributions received from members, including associate and emerging members

10.

Directors' emoluments
- Executive
- Remuneration for managerial services

11.

Operating expenses

Auditors remuneration-fees
- current year
- overprovision prior years
Bank charges
Computer expenses
Conference and functions

72 000

72 000

-

(18 000)

6 969

6 384

49 073

27 185

126 370

110 177

Consulting fees

12 950

24 040

Depreciation

13 247

263 704

1 885 085

2 339 662

Employee costs - management
Entertainment

3 285

1 820

Insurance

10 087

10 088

Legal expenses

30 492

13 844

Office running costs

9 438

706

Printing, stationery and postage

7 009

21 795

Loss on rate of exchange

8 113

-

127 696

-

Portfolio charges
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11.

2018
R

6 888 459

6 333 517

Operating expenses continued
Research costs
Sars penalties and interest

4 764

-

Subscriptions

5 190

2 100

21 000

24 149

123 575

141 698

Telephone and fax
Travelling expenses - local
Website costs

12.

2019
R

2 500

-

9 534 060

9 492 942

1 928 850

1 551 596

13 247

263 704

(1 239 137)

(847 993)

249 425

-

Trade and other receivables

2 069 568

(2 339 510)

Trade and other payables

1 128 952

1 288 238

4 150 906

(83 965)

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.

13.

Cash generated from/(used in) operations
Income for year
Adjustments for:
Depreciation
Interest received
Unrealised gain - revaluation reserve
Changes in working capital
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