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Agreenco Environmental Projects - Adrian Haagner

Agreenco Environmental Projects is an integrated environmental solutions provider specialising in ESG
compliance, water-use innovation, ecological infrastructure, and land repurposing through rehabilitation.

Their team of experienced scientists, engineers, and environmental practitioners develops practical and
implementable solutions to address complex environmental challenges across the mining sector.

With a strong focus on monitoring, adaptive management, and long-term sustainability, Agreenco works

closely with clients and stakeholders to deliver meaningful environmental improvements to ecosystems and
communities affected by mining. Their extensive track record across multiple commodities and climatic regions,
combined with ongoing involvement in research, industry associations, and social upliftment initiatives, positions
them as a trusted leader in environmental solutions.

We thank Agreenco Environmental Projects for their valued support in helping make the Coaltech Colloquium
2026 an impactful platform for collaboration, research, and innovation in the coal mining industry.
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AG R E E N CO People - Planet - Progress
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

Industry challenges (X

Complex environmental, regulatory and operational challenges demand integrated, science-based solutions

= R

Short-term procurement Regulatory Break in the Closure provisions vs. Sustainability
paradigm uncertainty implementation chain enterprise needs outcomes
Procurement of Evolving DWS TAN, pit Lack of flow-through from Application of closure Need for solutions that
sustainability remains lakes, closure & financial design intent to provisions can activate optimise expenditure,
a fallacy - focus on cost, provision regulations implementation to eventual reactivation and create reduce uncertainty and
not long-term outcomes. create uncertainty and sign-off and acceptance. enterprise gaps. advance true sustainability.

compliance risk.

Action - Environmental - Results
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

Air quality services xg)

Design & audit of monitoring programmes, including real-time monitoring, forecasting &
exceedance investigations

Updated Highveld Priority Area & updated NDCR (2026) ERMP & periodic reporting

Material Handling Cycle (Coal Ash)

Inidial Dust Scur(/- Haul Roads /——\

Material Handling

ROM tip & conveyor

Turning data into action.
Mitigating risk.
Delivering compliance.
Protecting operations.

Action - Environmental - Results
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

Air quality services Ve

Undertake designs & implementation for:
haul roads (trucks vs sprinklers),
materials handling, stockpiles, transfer points,

linked to ERMPs and monitoring- NDCR (2026)

/ Effective design.
@ Proven implementation.

Measurable results.

Action - Environmental - Results
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Air quality services Ve

Reduction and elimination of in-pit sponcom
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Action - Environmental - Results ASEEENCD
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

-
Water management services (X)

Irrigation- licensing & specialist
studies,

Integrated design for:
rehab irrigation
crop or biocrop irrigation
dust management irrigation,

Full Irrigation Layout

Excess water evaporation,

All linked to total water make.

Action - Environmental - Results

-
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

-
Water management services (X)

Recharge & seepage
management via:

enhanced
vegetation
performance,

afforestation,
interception,
evapotranspiration,

integrated
engineering
designs.

Action - Environmental - Results

-
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

=
Water management services ()

AMD Stage 3
Oxidised Decant

pH <32

SO, 2000 - 6000

Fe 50-1000 or
Al 10 - 500

Mn 10 - 500

AMD Stage 2
Reduced Decant

32-45
2000 - 10000
100 - 5000 o
10 - 100
10 - 300

Treatment

Lime: Crushed Recycled
Concrete and Slag

Organic Alien Vegetation

Materia Woodchips /

Liming Plant  FeO(OH), A{OH),
Sludge: CaCo,, Si0O,,
Caso,

Output:

Sewage Biosolid Mix

AMD Stage 1
Saline Decant

>4.5 mg/l
mona 200 - 2600 mg/l

r <100 mg/
<20 mg/

<10 mg/l

Erosion & Flow
Control Structures

Action - Environmental - Results
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In situ remediation of
seepage or shallow

groundwater via:
microbial degradation

anaerobic bioremediation

pH adjustments for

precipitation

Often integrated with

vegetation
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

02)
-’

Biodiversity services

Aquatic and terrestrial biodiversity
monitoring, with BAP/BMP.

Invasive plant delineation,
management plans & monitoring,
invasive plant eradication
(conventional & drone) via PCOs,
permitting.

Nuisance vegetation
management- pipelines,
fencelines, conveyors, roadways,
firebreaks, security. Chemical,
burning, green breaks,
mechanical.

Ganghe Sewedlee

-~
AGREENCO

Action - Environmental - Results

-
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

Biodiversity services X

TOPS delineation,
Monitoring,

Relocation plans &
services,

Nurseries,
Permitting.

g R

Action - Environmental - Results

-
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

Biodiversity services X

Afforestation- for
recharge reduction &
seepage control,
carbon sequestration

Design, monitoring,
permitting, economic
feasibility

Implementation and
maintenance

Action - Environmental - Results

-
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

Biodiversity services )

Wetland rehabilitation:
Design,
implementation,
offsets,
permitting.
For direct rehabilitation or

nature-based treatment
solutions.

Wetland delineation and
monitoring

-
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

Land management services ()

THE REHABILITATION HIERARCHY

Size, distribution, composition, richness,

SPECIES COMPOSITION AND
diversity, abundance and frequency of

PASTURE STRUCTURE 2
species
PASTURE VIGOUR AND SOIL Health of vegetation and soil
FERTILITY (management practices)

Planned capability vs

LAND CAPABILITY S
actual and susceptibility to

AND SOIL LOSS

erosion
Slope length &
LANDSCAPE angle, convexity,
FORM drainage

R P

COALTECH COLLOQUIUM 2026 - PROCEEDINGS

Rehabilitation performance
assessments

Rehabilitation maintenance
plans
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Land management services ()

Rehabilitation
designs

Rehabilitation
plans

Action - Environmental - Results
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-
Land management services ()

Rehabilitation implementation
Rehabilitation maintenance

Action - Environmental - Results

-
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-
Land management services ()

Integrated land stewardship

KLIPFONTEIN
BIOGAS PROJECT

ety ENERIT CATEACTION

Action - Environmental - Results
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HEADLINE SPONSOR - Agreenco Environmental Projects | Adrian Haagner

Thanks Ve

For complex situations requiring
interdisciplinary specialists

For a proven track record

For cost-effective high value
services

For “scientific contractors”

For value-added compliance to
true sustainability

For innovative partnerships

Action - Environmental - Results

-
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FlowCentric Mining Technology - Charles Bothma

FlowCentric Mining Technology supports the coal industry with practical solutions built for real operational
challenges. At the centre of its offering is FlowCentric Heatshield™, a long-term solution developed to help
prevent, control, and extinguish self-heating and spontaneous combustion in coal.

The product is designed for both proactive and reactive treatment, helping operations manage one of the
sector’'s most persistent safety and resource risks.

Alongside FlowCentric Heatshield™, the company also provides mechanical wastewater evaporation solutions for
mine dewatering, as well as a full range of industrial dust control and stabilisation services for roads, tailings, and
material processing areas.

As the Coaltech community comes together to share research, insight, and progress across the sector, the
support of organisations such as FlowCentric Mining Technology helps strengthen the shared drive towards a
safer, more efficient, and more sustainable coal industry.

Thank you to FlowCentric Mining Technology for supporting the Coaltech Colloquium 2026 as one of the two
Headline Sponsors.
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HEADLINE SPONSOR - FlowCentric Mining Technology | Charles Bothma

FlowCenitric Mining Technology

Sustainable Mining Technology
For A Cleaner Future
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HEADLINE SPONSOR - FlowCentric Mining Technology | Charles Bothma

MINING TECHNOLOGY

ffvw,fsc”f'f 0O 77 7{7

FlowCeniric

PURING ILCHHOLOGY

010 020 44388
=" ﬂo_w:‘erﬂrlc-minmg Lom

www.flowcentric-mining.com
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HEADLINE SPONSOR - FlowCentric Mining Technology | Charles Bothma

Flow

MINING TECHNOLOGY

Recovering lanthanides (rare earth ) Elements He

metals) and transition metals from Li |Be B|C|NJO|F |Ne

chemically treated landfill leachate e A

. . K|Ca|S€|Ti|V |Cr|Mn|Fe|[Co|NI|Cu|Zn|Ga|Ge|As |Se|Br|Kr

using integrated advanced and Rb| St | ¥ | zr |Nb|Mo| Te [Ru[Rh|Pa|Ag|cd| in [Sn|sb|Te | 1 |xe

Conventlonal processes Cs|Bapsts|Hf [Ta |W |Re|Os| Ir |Pt|Au[Hg| Tl |[Pb|Bi |Po|At|Rn
) Fr |[Ra (s | Rf (Db |Sg|(Bh|Hs|Mt

La |Ce|Pr |[Nd |Pm|Sm|Eu|Gd|Tb [Dy|Ho |Er [Tm|Yb|Lu

Ac|Th|Pa| U |[Np|Pu|Am|Cm|Bk |Cf|Es |Fm|Md|No|Lr

www.flowcentric-mining.com
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This session concentrates on managing immediate operational
risks by enhancing measurement, testing, and understanding
of underground conditions.

» Coal Dust Explosibility — Kloppersbos Testing Capability
o Presenter: Riaan Bergh (CSIR) - (20 Minutes)

» Stress Measurement for Fall-of-Ground Prevention
¢ Presenter: Johan Hanekom (CSIR) - (20 Minutes)

COALTECH COLLOQUIUM 2026 - PROCEEDINGS
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Improved stress
measurement
is the key

to preventing
fall-of-ground
incidents and

saving lives 77
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Presenting -
Coal Dust Explosibility, Kloppersbos Testing Capability

Riaan Bergh
Mechanical Engineer | CSIR

Riaan Bergh brings 25 years of structural mechanics and performance testing experience to the coal
sector. He leads the CSIR’s Mining Testing and Training impact area, which includes the Cottesloe
Mining Laboratories and the Kloppersbos mine fire and explosion testing and training facility. His
presentation covers South Africa’s coal dust explosibility testing capability and what it means for
operational safety standards underground. The work is directly relevant to every underground coal

operation in the country: if dust explosibility thresholds are not properly understood and tested, the
safety protocols built on top of them are unreliable.

COALTECH COLLOQUIUM 2026 - PROCEEDINGS
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MINING - Coal Dust Explosibility | Riaan Bergh

(J
COALTECH COLLOQUIUM 2026 @’CSIR

Touching lives through Innovation

MINING

RESEARCH FOCUS AREA

Kloppersbos explosibility

laboratory upgrade

Riaan Bergh
CSIR

Keeping People Safe

and Operations Stable
Project Number: M2020-2 | Presented: May 2026

[ 1 WORK IN PROGRESS [X] COMPLETED

-
e Advancing the Future of Sustainable
R Coal
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MINING - Coal Dust Explosibility | Riaan Bergh

CONTEXT & RESEARCH PROBLEM

COALTECH COLLOQUIUM 2026 - PROCEEDINGS

@ C S I R ig) Coaltech

Touching lives theough innovation

Why does this matter?

Accurate determination of coal dust explosibility is a key input
to manage the risk of catastrophic dust explosions.

Unverified equipment: The 40-litre explosion vessel has lacked
independent calibration verification for years, raising a question
about validity of test results.

Standardisation gap: While the 20-litre apparatus is the
international standard and independently calibrated, its
correlation with local historical data had not been established.
Real world disconnect: Standard laboratory testing occurs
under laboratory ambient conditions, failing to account for the

heat, humidity, and methane of real mines.

40-litre apparatus 20-litre apparatus
Local standard for coal Wide adoption globally and annually

explosibility, used in early research calibrated through round robin testing




MINING - Coal Dust Explosibility | Riaan Bergh

il

@’) C S I R «g) Coaltech

Touching lives theough innovation

Investigate the feasibility of replacing the 40-litre test method

with an equivalent test using the international standard 20-litre

apparatus.
RESEARCH PP
OBJECTIVES Establish the relationship between explosibility test results
obtained in the 40-litre apparatus vs. the 20-litre apparatus.

What did this project

<ot out to achieve? Evaluate the impact of variation in temperature, humidity and

the presence of methane on coal dust explosibility results.

Recommend the appropriate equipment and test method for
future explosibility testing.

MINING
RESEARCH FOCUS AREA
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MINING - Coal Dust Explosibility | Riaan Bergh

(J
RESEARCH APPROACH & METHODOLOGY (@l)CSIR \g)Coaltech

Touching lives theough innovation

1 2 3 4

Scoping & Laboratory experimental . Validation &
. Data Anal
Literature work ata Analysis Outputs

Relationship established :
) ) Coal samples were collected 40-litre results compared
Literature review of local and : between results of two I
: : from underground mines, with historical database.
international dust : apparatuses. :
- : prepared and tested in the : 20-litre results compared to
explosibility practice Effect of atmospheric : :
Kloppersbos laboratory o o calibration values.
conditions quantified.

Test methods according the
equipment manufacturer’s
manuals

Samples were taken from various Sample Size Samples were collected and
underground coal mines 16 tested over 12 months

COALTECH COLLOQUIUM 2026 - PROCEEDINGS




MINING - Coal Dust Explosibility | Riaan Bergh

@ C s I R «g) Coaltech

Toucking lives theough innovakion

KEY SUPPORTING EVIDENCE
FINDING

Comparison of Kex vs. Kmax for 16 South African coal samples

The relationship between explosibility
indices of the two laboratory

Kmax (bar.m/fs)

apparatuses was established as
Kmax = 0.97 x Kex

[ 1 PRELIMINARY [X]INDICATIVE []CONFIRMED 60

Kex (bar/s)

WHY THIS MATTERS:

Coal explosibility can be determined using the internationally
accepted and calibrated 20-litre explosion apparatus

Comparison of explosibility indices measured using 40-litre and 20-litre apparatuses

=
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MINING - Coal Dust Explosibility | Riaan Bergh

APPLICATION ILLUSTRATION

Category Kex Range Kmax Range Implication

<70 <68 Considered non-explosive and will not propagate
an explosion under laboratory test conditions.

Uncertain behavior. Do full-scale gallery testing, or

Transition treat as likely to propagate an explosion.

High risk. Will sustain and propagate an
explosion.

Established explosibility classification in terms of Kex range (40-litre apparatus) and
equivalent Kmax range (20-litre apparatus)

COALTECH COLLOQUIUM 2026 - PROCEEDINGS

@ C S I R (9 Coaltech

KEY
FINDING

Toucking lives theough innovakion

The established coal dust explosibility
classification can be expressed in terms
of the Kmax parameter, determined
using the 20-litre explosion vessel.

[1PRELIMINARY [X] INDICATIVE []CONFIRMED

WHY THIS MATTERS:

Well-known explosibility risk categories remain valid
when adjusting ranges to suit 20-litre vessel results.
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@l) C s I R \g) Coaltech

Toucking lives theough innovakion

SUPPORTING EVIDENCE

Effect of temperature on explosibility index

KEY
PRI NSNS v=0§20:53i<5;96§'054 FINDING

25 35 45 55 65
Temperature (°C), with RH in the range to 42% to 44% Temperature and humldlty Of the

atmosphere change the explosibility
Effect of humidity on explosibility index behaviour of coal dust.

y =-0,2716x + 86,601
R?=0,4342
@ e e

%

[1PRELIMINARY [X] INDICATIVE []CONFIRMED

55 65 75

Relative humidity (%), at nominal 23+1 °C WHY THIS MATTERS:

Accurate assessment of explosibility risk should consider
Effect of temperature (top) and humidity (bottom) on explosibility index in-mine atmospheric conditions.

COALTECH COLLOQUIUM 2026 - PROCEEDINGS



MINING - Coal Dust Explosibility | Riaan Bergh

SUPPORTING EVIDENCE

Effect of % methane on explosion index, Kmax - Test
series M2 to M6

y=21,977x + 63,401
R*=0,5838

0,5 1 1,5 2
% Methane (Vol), T=24+1C°, RH = 41+4%

Effect of methane on explosibility index

COALTECH COLLOQUIUM 2026 - PROCEEDINGS
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KEY
FINDING

Toucking lives theough innovakion

Presence of methane in the atmosphere
has a dramatic effect on the explosibility
behaviour of coal dust.

[1PRELIMINARY [X] INDICATIVE []CONFIRMED

WHY THIS MATTERS:

Methane concentration can change the risk category of
the mine’s coal dust.




MINING - Coal Dust Explosibility | Riaan Bergh

RESULTS & DATA @CSIR «_@)Coaltech

Toucking lives theough innovakion

Temperature effect: +0.4 Humidity effect: -0.3 Methane effect: +22

Bar/s increase in Kmax per 1°C above 22 °C Bar/s decrease in Kmax per 1%RH above 45%RH Bar/s increase in Kmax per 1% CH,

Calculation Formula Key Take-away

Kmax = Kmax + (AT x 0.4) ) . .
mine lab Atmospheric conditions in the

Example calculation mine, especially the
Lab Result Temperature Humidity Methane concentration of methane, may
69 28°C have a dramatic effect on the
Kmax (Baseline) +6°C vs Lab +15% vs Lab Low Concentration explosibility of the coal dust.
Taking atmospheric conditions

into account requires in-mine
69 . 77.9 <

Adjusted Kmax measurements and a simple

calculation.

-
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MINING - Coal Dust Explosibility | Riaan Bergh

WHAT THIS MEANS FOR MINING @CSIR (g)Coaltech

Touching lives theough innovation

Practical takeaways — what should your organisation do with these results?

@ Mine Operations @ Workforce Safety

Test coal dust explosibility regularly and update Adjust dust explosibility test results based on

explosion risk controls as necessary. measured atmospheric conditions in your mine.

Review and update SOPs - dust explosibility must Assess explosion risk based on the adjusted

take mine atmospheric conditions into account. explosibility classification.

@ Digital & Technology @ Planning & Design

Consider continuous monitoring of temperature, Consider the impact of methane concentration on
humidity and methane concentration to track and dust explosibility during planning and design to
report the combined effect of in-mine conditions provide adequate fresh air ventilation for dilution
on explosion risk. of methane.

COALTECH COLLOQUIUM 2026 - PROCEEDINGS




MINING - Coal Dust Explosibility | Riaan Bergh

CONCLUSIONS
&
RECOMMENDATIONS

The key outputs from
this research and

what to do next.

@)) C S I R «g) Coaltech

Touching lives theough innovation

CONCLUSIONS
Coal dust explosibility can be tested using the international standard 20-
litre explosion apparatus.

Coal dust explosibility classification can be expressed in terms of Kmax.

Coal dust explosibility lab results should be adjusted to take in-mine

atmospheric conditions into account.

RECOMMENDATIONS FOR INDUSTRY

Sample and test coal from production sections at regular intervals and

have it tested to classify the explosibility risk.

Monitor atmospheric conditions in underground mines and adjust

explosibility lab results to take in-mine conditions into account.

COALTECH COLLOQUIUM 2026 - PROCEEDINGS
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Presenting -
Stress Measurement for Fall-of-Ground Prevention

Johan Hanekom
Chief Rock Engineer | CSIR

Johan Hanekom is a rock engineer with 36 years of experience spanning AngloGold Ashanti, SRK
Consulting, and the University of Pretoria’s Mining Engineering Department. He held the Harmony Chair
in Rock Engineering and Numerical Modelling at the University of Pretoria from 2015 to 2018 and has
operated as an independent specialist consultant before joining the CSIR as Chief Rock Engineer in
2023. His presentation addresses how improved stress measurement techniques can prevent fall-of-

ground incidents, the leading cause of fatalities in South African underground mining. The research
targets practical, deployable measurement approaches that mines can integrate into existing ground
control programmes.

COALTECH COLLOQUIUM 2026 - PROCEEDINGS
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MINING - Stress Measurement for Fall-of-Ground Prevention | Johan Hanekom

COALTECH CcOoOLLOQUIUM 2026

MINING

RESEARCH FOCUS AREA

THEME
Excavation stability and
worker safety

e Advancing the Future of Sustainable
R Coal
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Stress Measurements to Confirm Stress
Field Components for FOG Prevention in
Complex Geological Areas

JWL Hanekom

Council for Scientific and Industrial research

M2025-2 | Presented: May 2026

PROJECT PHASE COMPLETED




MINING - Stress Measurement for Fall-of-Ground Prevention | Johan Hanekom

RESEARCH PROBLEM 3H)CSIR ig)Coaltech

Case 5{a) - Guttering - Shear Stress
o Comners

- [ Base Case — Guttar Gut to hih shesr (directional shear failure) or at excavation corners (guttering). Whilst substantial

- stresses i modway  comer, often

The concern

A higher horizontal field stress component can result in shear failure in the roof

l = 530602108 with hegh Laterst stres

geotechnical data is gathered on most operations, the local stress field components are

usually estimated from regional or unknown. This lack of local stress data critical when

the magnitude and orientation of the major horizontal stress component appear to be

variable, which is more prevalent when the geology in the planned mining area is

Outtrig complex.

Recent falls-of-ground on some of the collieries highlighted the need to be able to have
improved understanding of the field stress component magnitudes and orientations in
areas accessed for mining.

Currently, designs for the mining of an area applies regional stress field data and
augmented that with observational data from surrounding areas. No data is available
from the area where mining is planned. Unforeseen stress field changes can thus be

missed.

Coal mine injuries

Safety data
courtesy of MCSA
(5 Year data
summary), dated
4 May 2026)

Potential impact of high horizontal stress in Coal Mines (Seriti Power)

COALTECH COLLOQUIUM 2026 - PROCEEDINGS




MINING - Stress Measurement for Fall-of-Ground Prevention | Johan Hanekom

CONTEXT @) CSIR coaltech

Tuws irg res uvyt inmee s

Compact Conic-ended borehole overcoring (CCBO)

(1) BX pilot drilling (Must stop at 10m; (2) Conically shape the b/h bottom 3 ¥
up-plunge) with a normal BX crown. with a special conic bit. Must use stabilizers, p i
Must use stabilizers and 1m rods. (Low gear; high rotation as used in bull-nose drilling)

The methods applied

The CCBO method measures rock deformation at the borehole-ends using strain gauges.

During the process of over-coring the strain gauges, the strain relief OR ‘rock expansion’

is measured and converted to stress values.

A special conic bit (NX) ) )
We use a BX one. The DCDA method takes core drilled and removed from a borehole, places it on rollers

that accurately measure the diameter (and thus shape) of the core. From this ‘new’

e shape, the strain relief OR ‘core expansion’ is measured and converted to stress.
jue a shorter-nose strain

(16 strain gauges) with minimal adhesive.

& A 16-element strain cell (BX)
(6) Over coring (Low gear; slowest)
Must use a thin BX bit and stabilizers

CCBO method description

DCDA method description Y \ Rotating roller

COALTECH COLLOQUIUM 2026 - PROCEEDINGS
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RESEARCH
OBJECTIVES

Measurement of the stress field
components as mining approaches
a geologically complex area will
contribute to quantify the impact
of these structures on the
magnitude and / or orientation of
the field stress components and
allow remedial action to be
implemented timeously.

Hypothesis

The DCDA method, using the
deformation of core samples, can
provide sufficient information on
local in-situ stress fields, to
correlate results with the field
stress components provided by
traditional, proven, over-coring
methods.

MINING
RESEARCH FOCUS AREA
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MINING - Stress Measurement for Fall-of-Ground Prevention | Johan Hanekom

(@i) C S | R «g) Coaltech
Stage Gate 1: Initial assessment of the ability of the DCDA
method to indicated field stress components and magnitudes in

the Coal environment

Stage Gate 2: Execute control measurements with over-coring

method (CCBO) in underground sites

Performing DCDA measurements at the same sites, using core
drilled from the over-coring boreholes and correlate the findings
with CCBO results

Conclude on the ability of the DCDA method to measure

appropriate stress components and recommend a way forward.
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RESEARCH APPROACH @) CSIR \g)Coaltech

Tows ting res Muves inmevuten

Correlation between DCDA and the more conventional CCBO results, indicates that DCDA is a potential more cost-
effective solution to the need for more regular stress measurements. Correlation also supports the value of further

development of this method into an operational tool.

4

Way forward

3

CCBO and DCDA correlation

1 2

Initial DCDA
measurements

Background
Kriel Colliery geotechnical & Core selected from a
geological settings geological borehole
Kriel Colliery FOG information Sent to Japan (FGI) for
Stress measurement methods measurements
HF, AE, CSIRO, CCBO, DCDA Data impacted on Stage Gate
DCDA research (hard rock) decision
and development (FGI)

* CCBO measurements on-site Correlation explain

(Groundwork Consulting) Concerns raised
DCDA samples selected and Potential solutions
sent to Japan (FGI) Critical requirements
Results analysed and

correlated

Sites Samples from a randomly selected Two (2) sites, Four (4) boreholes,
Kriel Colliery borehole, using standard 16 x CCBO measurements, 10 x Next Phase to be finalised
BF-E7 R4 Splits 40 and 41 Geological drilling practices DCDA samples (100 datapoints)

COALTECH COLLOQUIUM 2026 - PROCEEDINGS




MINING - Stress Measurement for Fall-of-Ground Prevention | Johan Hanekom

@) CSIR &)coaltech

Towsing res uvgs inmareren

Core Diameter change

KEY DCDA measurement
FINDINGS

23.6102

Expected diameter
change

ia change (pm)

Core Di

Initial DCDA measurements

Sandstone

Assumptlons: Maximum Shear stress in relevant environment

* Historic stress components include a vertical and horizontal

component that align with o, and o, respectively

i
a
a

* The borehole direction will not be critical to the initial

n
=
=]

decisions

y
o
=]

DCDA results vs

Historical data
Results are INDICATIVE of sufficient potential to continue

THIS FINDING WAS IMPORTANT:

il
a
a

Maximum shear stress [Mpa)
ng
o
(=]

g

e
o
a

Stage Gate 1: Unacceptable results - Terminate project 2 3 4
© Max Shearstress ——Kriel at 50mbs
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RS 150

o I an I 2 o

000t
1000l
o0nor

KRLA1167
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Kriel Colliery Site BF-E7

@) CSIR &dcoaltech

Tows ing res muvyt inmev s

FINDINGS

CCBO Measurements

Site selection

Instrumentation

Data collection

Results achieved (Orientation / Magnitudes)

Data was CONFIRMED through analysis

WHY THIS MATTERS:
Unacceptable CCBO results (control data) makes project
continuation unnecessary
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@) CSIR &coaltech

Tows ing res muvyt inmev s

Major Principal Stress directions Major Principal Stress Dip

Harizantal

FINDINGS

! CCBO Measurements

B Coal 51 Direction Circular Mean ® Sandstone 51 Direction Cire ular Mean W Coal 31Circular Mean & Sandstone 51 Dip Circular Mean

» Site selection
» Instrumentation and Data collection
* Results achieved (Orientation / Magnitudes)

—_—
Coal borehole Data was CONFIRMED through analysis

WHY THIS MATTERS:

Unacceptable CCBO results (control data) makes project
continuation unnecessary

e
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Historical Stress Measurements and CCBO () c s I R ‘?3) CoalteCh

KEY
FINDINGS

Tows Ming res uvgs Inmareren

Major Principal Stress (MPa)

CCBO Measurements

5
Minor Principal Stress (MPa)

o Historic 4 CCBO Coal m CCBO Sandstone Site selection
Major Principal Stress Magnitudes Instrumentation
Data collection

Results achieved (Orientation / Magnitudes)

Data was CONFIRMED through analysis

WHY THIS MATTERS:

Unacceptable CCBO results (control data) makes project
continuation unnecessary
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MINING - Stress Measurement for Fall-of-Ground Prevention | Johan Hanekom

KEY
FINDING

DCDA measurements

» Samples and measurements
* Results achieved (Orientation / Magnitudes)

Data was CONFIRMED through analysis

WHY THIS MATTERS:

DCDA results are indicative of the potential for this
method

@ CSIR «g) Coaltech

Towsing res uvgs inmareren

Core quality

COALTECH COLLOQUIUM 2026 - PROCEEDINGS

Sandstone
il
Sandstone
A
Sandstone

&

Sandstonc
4
Sandstonc
5
Sandstone

0]

. | Core condition

Allernaling  layers ol
sandstone and mudstone
Core surfaces are uneven

Mudstone  layers  are
indented

Bedding dip:

approximately 50°

Easily fractured at bedding
planes

Targeted for
measurement
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@ CSIR (coaltech

Tows ting res Muves inmevuten

I < I i { . Sandstone (Maximum stress directions) Coal (Maximum stress directions)

DCDA measurements

» Samples and measurements
* Results achieved (Orientation / Magnitudes) X Mean value DEDA BOCOA O MeanValua DEDA

Major Principal Stress Orientations (Dip)

Coal Stress difference (DCDA})

g B
= =

[T
4
=

Data was CONFIRMED through analysis

@
=

-
-

2
=

Stress Difference (MPa)

WHY THIS MATTERS:

DCDA results are indicative of the potential for this o 4 o
method ® DCOA1 @ DCDA2Z @ DCDA3 @ DO

L]
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CORRELATION APPROACH (@)CS'R (g)Coaltech

Tows ting res muves Inmeruten

The CCBO stress field components are provided in a full 3-dimensional space. The DCDA field stress results are provided
as the “difference’ between the two (2) stresses acting perpendicular to the core sample, in 2-dimensions. To allow

correlation or comparison of the results, the stress results must fall in the same space.

CCBO results transformed

* Assuming isotropic, elastic
material property behaviour
Transformation equations
rotate stresses from one co-

ordinate system into another

Hooke’s Law relate stress,

strain and rock elastic Minimum principal

oy /' slress axis

constants i\

P
\\
o, e
g 2
The ‘difference’ between the / / gt X
. 7 Intormaediate principal
stresses perpendicular to the Intermediate principal T stress axis
. . . SUess axis
cross-section plane is determined

\ Minimum principal
stress axis

and compared
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MINING - Stress Measurement for Fall-of-Ground Prevention | Johan Hanekom

Sandstone (Maximum stress directions) Coal (Maximum stress directions)

X Gircular Mean DCDA @ Circular Mean CCBO @ CircularMean DCDA X CircularMean CCRO

Major Principal Stress Orientation correlation

Coal borehole

COALTECH COLLOQUIUM 2026 - PROCEEDINGS

\g) Coaltech

FINDING

4

Correlation
. Orientations
*  Magnitudes

Data was CONFIRMED through analysis

WHY THIS MATTERS:

Correlation indicate method’s ability to provide similar
results, improving potential for application

(0.9
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@) CSIR &coaltech

v g res vyt irmev et

KEY
Coal (Stress difference on BH Plane) FINDING

4

Correlation
. Orientations
*  Magnitudes

w
o
=
o
14
£
[
=
£
o
w
v
@
-
]

7

® Average BHDCDA results @ CCBO convertions

Major Principal Stress Magnitude correlation

Data was CONFIRMED through analysis

WHY THIS MATTERS:

Correlation indicate method’s ability to provide similar
results, improving potential for application
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RESULTS & DATA (@))CS'R «g)Coaltech

Towering Pres Mruven inmevanen

CCBO DCDA Correlation

Measurements ‘appropriate’ Measurements ‘partly appropriate’ Orientation = Good correlation
Magnitudes = Poor correlation

Key Take-away
Orientations not as ‘expected’ but
correlates with CCBO

Orientations not as ‘expected’ but can

be explained DCDA continues to show

Magnitudes substantially higher than substantial promise in being able
expected

Magnitudes slightly higher than

expected but within historical ranges . . ..
P & to indicate Major Principal Stress

orientation changes, but work is

Core quality is essential required on :
Elastic behaviour seem to control orientations .
Anisotropy seem to affect magnitudes
Continued development feasible ?

Improving core quality
*  Catering for anisotropy

*  Calculating full stress field

components
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WHAT THIS MEANS ?

@ Mine Operations

Mine design changes to cater for stress field
component changes to improve stability and
safety of workers.

@ Digital & Technology

Fall-of-ground prevention due tot reduced
impact of unexpected stress field changes.

ag) Coaltech

Workforce Safety

Mine design changes to cater for stress field
component changes can be planned and
implemented before the impacts materialise.

Planning & Design

This technology is still in its research phases in

both RSA and Japan. If successful, its use could
become standard practice before new, different
ground control districts are approached, to allow
appropriate designs to be made.
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D

@) CSIR )cCoaltech

Towsting res wves Inmavuren

CONCLUSIONS

CONCLUSIONS DCDA stress orientation results correlate with CCBO, but not magnitudes

&

DCDA appears to have the ability to indicate Major Principal Stress
RECOMMENDATIONS bP y j P

orientation changes compared to an ‘expected’ orientation

Core quality and anisotropy makes firm recommendations difficult

RECOMMENDATIONS FOR INDUSTRY

Continue with research into ensuring core quality and anisotropy

Develop the required methodologies to calculate more appropriate field

stress component details

.‘I
COALTECH COLLOQUIUM 2026 - PROCEEDINGS (5}



MINING - Stress Measurement for Fall-of-Ground Prevention | Johan Hanekom

@) CSIR &dcoaltech

Tows Ming res uvgs Inmareren

| Site 2 Coal

|
| N !

Sandstone borehole —"_~
| e

Poor Quality FINDINGS

I | I I |

<& & <& G
VD L A

]

o ! I I | I
& S S
& » ’

Cl o

Core quality CCBO Measurements

Site selection

Instrumentation

Data collection

Results achieved (Orientation / Magnitudes)

Data was CONFIRMED through analysis

Drilling layout / equipment

WHY THIS MATTERS:

Unacceptable CCBO results (control data) makes project
continuation unnecessary
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This session delves into integrated approaches for mine water treatment,
land rehabilitation, and carbon management.

¢ Mine Water Treatment: From Liability to Productive Use
¢ Biological Treatment of Brines — Ryan Merckel (Mintek) - (20 Minutes)

¢ Irrigation Using Treated Mine Water — Lesego Madiseng
(University of Pretoria) - (20 Minutes)

« Carbon Farming on Rehabilitated Coal-Mined Land
o Presenter: Wayne Truter (University of Pretoria) - (20 Minutes)

« Carbon Capture & Energy Recovery Using Algae
¢ Presenter: Sue Harrison (University of Cape Town) - (20 Minutes)
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Biological
processes offer
a sustainable
alternative

for treating
concentrated
industrial

brines

( ’* ) Coaltech
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Presenting -
Biological Treatment of Brines

Dr Ryan Merckel
Bioprocess Specialist | Mintek, Biometallurgy Division

Dr Ryan Merckel is a chemical engineer and bioprocess specialist with experience spanning
academia, applied research, and industry. He has been affiliated with the University of Pretoria and
Malardalen University and has worked in the forestry, energy, and chemicals sectors before joining
Mintek’s Biometallurgy Division. His work focuses on biological process development for industrial and
environmental applications, particularly mine water treatment, biological sulphate reduction, sulphide

management, and the biological treatment of brines. At the Colloquium, he presents research on how
biological processes can offer more sustainable alternatives for treating the concentrated brines that
conventional mine water treatment systems produce.
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SURFACE ENVIRONMENT - Biological Treatment of Brines | Dr Ryan Merckel

COALTECH CcOoLLOQUIUM 2026

SURFACE
ENVIRONMENT

RESEARCH FOCUS AREA

Biological Treatment of Brines:
The Life of Brian

Dr Ryan Merckel & Kerri du Preez
Mintek

Managing Water, Land

and Carbon as Systems
E2024-2 | Presented: May 2026

COMPLETED

"¢ Advancing the Future of Sustainable
- Coal
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SURFACE ENVIRONMENT - Biological Treatment of Brines | Dr Ryan Merckel

-
r
CONTEXT & RESEARCH PROBLEM RN (b)Coaltech
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mining-influenced water reverse osmosis plants hyper-saline brine ponds

Chemical treatment Concentration Ongoing liability
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SULFATE REDUCTION
(Biological Sulfate Reduction)

improve water quality employ passive processes
water for agricultural use

COALTECH COLLOQUIUM 2026 - PROCEEDINGS




SURFACE ENVIRONMENT - Biological Treatment of Brines | Dr Ryan Merckel

CONTEXT & RESEARCH PROBLEM

M ITGTE RS (g) Coaltech

cloSURE® demonstration plant,
EWRP
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Field observations:

H,S presence at brine ponds
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SURFACE ENVIRONMENT - Biological Treatment of Brines | Dr Ryan Merckel

RESEARCH
OBJECTIVES

SURFACE ENVIRONMENT
RESEARCH FOCUS AREA

COALTECH COLLOQUIUM 2026 - PROCEEDINGS
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Investigate applicability of biological sulfate reduction

to hypersaline brines
Develop bench-scale biological sulfate reduction

Evaluate technical viability, process performance, and

microbial resilience

Recommend pathway to pilot demonstration



SURFACE ENVIRONMENT - Biological Treatment of Brines | Dr Ryan Merckel

] >
RESEARCH APPROACH & METHOD RN ib)Coaltech

Local precedent:

Rhodes bioSURE Process® / vitaSOFT
Thungela VCC bio-neutralisation plant
Mintek cloSURE® Process

1

Scoping &
Literature

Key question:

« Can hypersaline conditions support bio-S0% ™~ reduction?

Baseline:

* Review BSR reactor kinetics

State of the art
BSR already established at pilot &
demonstration scales

* Review microbial ecological and inhibitory factors
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SURFACE ENVIRONMENT - Biological Treatment of Brines | Dr Ryan Merckel

RESEARCH APPROACH & METHOD

2

Fieldwork & shake-flask
studies

Study Sites
EWRP brine pond, Thungela

COALTECH COLLOQUIUM 2026 - PROCEEDINGS

LIS

Sampling site:
* Thungela eMalahleni Water Reclamation Plant
* Brine Pond

Brine composition & inoculum:
* Perform compositional analysis of brine

* Generate enriched cultures from brine

Assess microbial activity:

* Confirm wild microbial activity

ag) Coaltech

e Cultivate inoculum for further bench-scale test work
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iy
&
RESEARCH APPROACH & METHOD MINTELS ib)Coaltech

Empirical approach:
* Prioritise bench validation
3 * Recommend predictive modelling study for future work

Bench-scale work & Shake flask screening:
Analyses * Feasibility, kinetics, inhibition thresholds and limitations

e |Initial microbial characterisation

Continuous BSR study:

* Construct and commission bench-scale reactor

* Assess process parameters and monitor stability

Main focus
Continuous bench-scale BSR
testwork
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iy
&
RESEARCH APPROACH & METHOD MINTELS ib)Coaltech

Biological sulfate reduction:
* Achievable
4 * Sustainable

Process validation & Design parameters:

design parameters - H,S management key

* Include stripping column to off-gas H,S continuously

[How were results Outputs:

checked/validated?] . . .
* Validated process with process design parameters

* Pilot-ready technology with pathways to resource recovery

Outcomes
Piloting is a possibility
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SUPPORTING EVIDENCE

o,

130 140 150 160
Operation period (day)

FINDING

1 OF 3

A[SO]_4(2-)

(O]

o

Continuous biological su