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It is that time of the year where we look back
and, particularly for 2020, pray the new year
will be here soon. To say that 2020 was a 
disappointment is a terribly tragic under-
statement.

It was a year that brought out the best and the
worst in humanity: on the one hand, the
promise of a new life amid this catastrophe,
but in the end little intention to really change.
We had to embrace many changes to survive
not just the virus but also the degradation of
our living standards and social fibre – Anyway,
this is a discussion best held elsewhere.  

There were countless, heroic actions by very
many individuals that went beyond their “call
of duty”, driven by their sense of caring for 
suffering people and for a precariously fragile
society.  

The mining industry in many parts of the world
also intervened in a major way particularly in
assisting less affluent communities in Third
World countries in which they operate. They
also had to survive by adopting restrictive
measures imposed by (good sense and)
authorities to curb the spread of infections
while still managing everyday health and safety
issues at the “coal face” while keeping it 
moving. The cynical will say they had no choice
since the alternative was, and still is, the
demise of the business. The realists will say
that they were motivated by their survival
instinct and by mutual needs shared with the
workforce, communities and society as a whole
to ensure a mutually survivable future.  

Special mention and gratitude go to the 
ventilation officers and mine occupational
hygienists who, as custodians of an 
environment which, by its very nature, not only
contribute to the spread of the virus, but also
the control. You have worked hard and more
selflessly in these trying times. Please know
that the MVSSA is particularly proud and
appreciative of your daily efforts in combating
this calamity.

An important lesson for all in this industry is
that health is as important as safety in ensuring
the continuum of life, society and the econo-
my.  Making allowance for some provocative if
not controversial opinion matter, is there a real
hope that in the new world everyone is bod-
ing, that there will be an end to occupational

Marco Biffi
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lung disease in mining? We, ex- “dust inspec-
tors”, have been fighting this “monster family”
of all occupational ailments since this 
profession was instituted in the early 1900s.
The question is not whether “we have failed” in
our duties, considering that so far, despite
numerous efforts and awareness campaigns
these diseases still persist, but “why”.

It is the subject matter of books. What perhaps
stands out is the fact that there are technolo-
gies available that can help. These are based
on a fairly accurate understanding of the
physics of particulate movement in air streams. 

Secondly and possibly more poignantly, is that,
as with a lot of other realities, we can only do
what we are “allowed” to do in terms of 
priorities, imperatives and policies that ulti-
mately dictate the resources at our disposal. It
is hoped that given the current reality and
under- standing of the importance of worker
health highlighted by COVID19, these 
priorities, imperatives and policies will be
viewed differently in the “new World.

The ”Zero Harm crusade” devised and driven
by the CEOs of the major mining companies
here in South Africa has an obvious focus on
the elimination of acute fatal and high impact
hazards. These are obviously undesirable
events that cause traumatic effects of many
affected both directly and indirectly.

Occupational morbidity such as occupational
lung disease and noise-induced hearing loss
are more subtle but just as traumatic. In terms
of annual occurrence and fatality rates (for lung
disease) these are almost one order of 
magnitude higher than the number of annual
casualties. The old cynics would say this 
happens many years after exposure. It is not so
and irrespective of this it causes many years of
intolerable suffering for those afflicted by it.

Apologies for preaching to the choir but we
should always remind ourselves of the purpose
and value of our work. There is also hope that,
by some stroke of luck, “non-believers” may
read this too and may be “infected” by this 
passion we share to support this “cause”.

To the credit of the “Zero Harm” programme,
the creation of the MOSH initiative is praise-
worthy. The issue is that adoption is voluntary
and results random.  

Zero Harm Matters

Editor’s Comment
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In 1959, following the Johannesburg International Conference on
Pneumoconiosis organised by the then Chamber of Mines to counter the
unacceptably high rates of illness and mortality due to lung disease, a 
vigorous “awareness campaign” was launched to educate workers on the
hazards posed by dust.  This included lectures, pamphlets, 7″ vinyl records
and 16mm short documentaries for use in training centres. (Yes, no audio
cassettes, no smart phones, no SMSs, no internet, WhatsApp, etc.). In those
days, everyone seemed to know the “hero” featured in this campaign:
Stoffel Waterman.  He was a miner who demonstrated practical measures
to reduce dust emissions during drilling, ore and rock loading transfer and
transport.  

Strangely enough, one of the most promoted actions, deemed critical at
the time, was watering-down rock piles prior to them being disturbed to
limit dust emission. To the uninitiated this may sound odd, but correct
watering-down procedures were an “art”, taught, observed and verified by
supervisors almost religiously.  “ Ja, toe Stoffel daar was…”, we used water-
blasts in development ends, station tips and ore-passes were designed and
operated to limit dust plug upsurges, we used to measure the “water-gap”
on pneumatic drills as well as the service water pressure at the drill.

Stoffel Waterman: 3D Artwork by Nico van Den Berg

Are we seeing and doing this “stuff” today? Those evaluations were
intended to measure the performance of controls deemed critical in 
reducing dust emissions at the source. In an industry where we are 
pressured to cut-down on (non-productive) re-entry periods, the critical
parameter is absence of post-blast (acutely toxic) gases but the dust 
dispersion patterns, effect of cumulative dust concentrations in series 
ventilation systems and ultimately, the resultant worker exposure to 
respirable on re-entry.

The regulated drive to measure worker exposure to particulates, gases and
noise has taken-up the majority of the time available to the dwindling
departmental resources on mines – at the expense of developing an 
effective ability to control emissions effectively.  Yes we have got the 
hierarchy of controls all messed-up.

This editorial is dedicated to those out there who have to put-up daily with
challenges posed to the “value” of interventions aimed at improving health
but not necessarily production.

May all members, readers and their families be blessed with a healthy and
safe Holiday Season and may the year 2021 be brighter than 2020 was but
not as fruitful as 2022 can be.
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President’s year-end message
As 2020 draws to an end, we close the year by reflecting on what change it brought to the mining
industry and our Society. We must look back on how our work lives changed, unpack some lessons
learned and plan how we can take back control of our work life balance to stay COVID-19 free and 
productive in 2021 and beyond.

The year 2020 has been one of immense challenges and I think that, under the circumstances, the Society
has lived up to its objectives. We have adequately responded to the challenges posed by the COVID-19
pandemic.

I take this opportunity to thank all MVSSA members for your hard work, dedication and commitment
during a year which presented us with enormous difficulties. These challenges have helped us to grow,
we learned to act more quickly and decisively than what we were accustomed to ensure the sustainability
of the MVSSA.

Have a safe, sanitised and socially distanced festive season. Enjoy the holidays!

Mr Ronald Motlhamme
MVSSA President  
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ABSTRACT

Most mines in South Africa are striving to reach a state of “Zero
Harm”. For underground coal mines this means they have to
resolve (amongst other issues) the risk of methane gas or coal dust
explosions.

First and foremost, it is crucial to prevent such an explosion from
happening. Although prevention caused these events to be ever
more unlikely, the current situation in underground operations still
indicate that it seems impossible to reach a state whereby the risk
of a methane gas or coal dust explosion can be eliminated.

In case all prevention fails, it is still possible to react upon a 
developing explosion by containing and suppressing it. In South
Africa alone, active explosion suppression systems (AESS) have
proven their effectiveness by suppressing at least six methane gas
explosions in the last 18 years. Originally designed to suppress an
explosion at the cutter-head of a continuous miner, the technology
has evolved to be applicable to a multitude of hard-to-handle,
high-risk scenarios. This paper touches on current explosion-
related risk areas and how active explosion suppression systems
have been designed to contain and suppress an explosion in these
areas. Thereby introducing a “last resort” mechanism in an
approach to reach Zero Harm in underground coal mining 
operations in South Africa.

1 INTRODUCTION

Methane gas and coal dust explosions have been ever present in
the process of coal mining operation.

The first reported explosions can be dated back to the 19th 
century. The risk of a methane gas and/or a coal dust explosion is
still present in coal mining operation.

In December 2018 an unsuppressed methane gas explosion killed
9 miners in a mine the Czech Republic. In April 2017 an 
unsuppressed methane gas explosion killed 8 miners at the
Stepnaya mine in the Ukraine. In February 2016, 36 miners were
killed by an unsuppressed methane gas explosion at the Severnaya
coal mine in Vorkuta, Russia.

In November 2016, 33 miners were killed due to an unsuppressed
explosion in Jinshangou Coal Mine in Chongqing. The risk of a
methane gas and/or a coal dust explosion is clearly still present in
coal mining operations. Over the years a number of methods have
been investigated and developed to either prevent or suppress a
coal mine explosion. Figure 1 depicts the currently accepted 
categorization of explosion mitigation controls. The focus is, and
should remain, the prevention of an event leading to methane gas
or coal dust explosion. In this case, a mine would typically address
aspects such as diluting the methane concentration in the 

atmosphere by adequately ventilating the area, using water spray
to mitigate coal dust at the cutting face or utilising flameproof or
intrinsically safe equipment to mitigate the source of an ignition.
Although the 100% prevention of both a combustible atmosphere
and high enough energy source to spark an explosion remains the
obvious goal, it is currently still accepted that it is not possible to
fully prevent an explosion in a coal mining operation. One of the
reasons is e.g. the continuous increase of mechanised and 
automated cutting of coal. As a result, mines look towards means
to suppress an explosion in the case it should occur. In this case a
mine would investigate the use of constructive measures. These
mitigating controls are, according to Michelis (1999), categorised
into “explosion stopping”, “special structure” or “explosions 
barriers”. The constructive measures such as “explosion stopping”
and “special structures” are physical, purpose-built walls or shelters.

The explosion barriers on the other hand are equipment 
introduced into an area that only react once the event of an 
explosion occurs. The explosion barriers are in turn separated into
passive barriers and active barriers. The meaning of passive and
active in this case relate to the use of an external power source.

Passive barriers therefore do not require a source of energy to
detect an explosion but are activated by the pressure wave that
leads any explosion. Active barriers are equipment that require a
source of energy to detect an explosion. Unlike the passive barrier
they are then however independent of the physical dimension of
an explosion and will rather react based on the logic and 
mechanism that has been set for this particular device.

Figure 1. Generally accepted methane gas and coal dust mitigation
controls

Active explosion suppression barriers have clear advantages in
modern mining operations (Spaeth and Belle, 2018). These barriers
can be adopted to optimally react on an event such as a methane
gas or coal dust explosions. Considering that six methane gas
explosions have been suppressed by active barriers in South Africa
since 2001 it can be said that the effectiveness of these systems
has been proven in the field. As mining operation get more 
mechanised and automated, the requirement for active barriers to
adapt increase. The core functional requirement to stop an 
explosion remains.

Active explosion suppression barriers: a last resort in
case of methane gas and coal dust explosions
A. Späth, Explospot Systems Pty Ltd, South Africa

Original paper presented at the 2019 MVSSA Conference
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2 GENERAL ACTIVE BARRIER BREAKDOWN

Active barriers are operated by electronic and mechanical 
components that, in their specific configuration, create a barrier
specific to an application.

Typical components of an active barrier are shown in Table 1.

The components of an active explosion suppression system are
modular. Based on a “plug & play” modularity it increases the
adaptability, increases the feasibility during production, the 
operation and the maintainability of these barriers.

3. CURRENT ACTIVE BARRIER APPLICATIONS

The most common applications for active barriers in underground
coal mining operations are within the working area (face), intake
and return airways. Active barriers can be installed in those areas
which cannot be protected by traditional passive barriers.

The advantage of installing an AESS in the working area is to be as
close as possible to the source of an explosion. The AESS can be

installed in an environment where personnel are part of the mining
operation, thus it is designed not to cause any harm to man and
machine. The discharge mechanism is free of any particles that
might else cause physical harm.

3.1 AESS machine mounted system installed on underground
coal cutting machines

An AESS installed on a continuous miner is a single suppression
barrier interfacing the continuous miner with a power supply, water
supply and preferably a communication interface. These three
interfaces enable the AESS to function with the primary 
requirement to suppress any explosion detected within the 
working area. Figure 2 indicates the basic function of an AESS
installed on a continuous miner or road header.

The AESS features a function to potentially prevent a secondary
explosion. Should an explosion be detected and suppressed, it is
an imperative to immediately remove or prevent any potential
ignition source that may lead to a further explosion. The 
continuous miner and especially the picks on the cutter head could
be such an ignition source. All continuous miners that have an

Sensors Electronic components used to
detect an explosion at a very
early stage.

Actuators Electromechanical components used to provide
the adequate amount of suppression agent to
both create a barrier against the force of an
explosion as well as suppressing the flames of  
an explosion.

Nozzle Arrangements Mechanical components that ensure the appropriate 
dispersion of suppression agent to form the suppression
barrier

Controller Electronic component that is responsible to monitor
all activities that are reported by the Sensors. The priority 
of the controller is to activate the Actuators upon a 
positive detection of an explosion.

Electronic Interconnecting Harnesses Various electronic interconnecting cable configurations
that complete the electronic interface.

Hydraulic Interconnecting Harnesses Various hydraulic interconnecting pipe configurations 
that complete the hydraulic interface of either the 
suppression device or complement mechanical
accessories

Accessories Various electronic or hydraulic accessories that 
complement either form or function within the modular
suppression system

Component Description Examples

Table 1. Active barrier breakdown
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AESS installed will also feature a relay that will cause the machine
to stop operating as soon as the AESS detects an explosion or the
controller report an electronic fault. Figure 3 shows an example of
how an interface to a continuous miner will contribute towards a
safe and effective mining environment.

3.2 AESS installed in Longwall mining operation 

A longwall mining face area will be split into multiple active barrier
zones. Each zone will be protected by a dedicated AESS. The 
difference in function of the AESS in a longwall installation 
compared to a continuous miner’s installation is that an explosion
might have two propagation routes. Thereby the AESS must create
an area protected by barriers of sufficient suppression material to
ensure the full encapsulation of the explosion. Upon detection of
an explosion, the primary AESS will issue an “explosion” activation
signal to both neighbouring AESS systems. The neighbouring 

Figure 2. The basic working direction of an AESS installed on a continuous miner

Figure 3. The continuous miner will indicate an explosion that was
detected and suppressed by the AESS

Figure 4. Interfacing between AESS creating a Daisy-Chain 
suppression

Figure 5. An AESS installed in a chock to support longwall mining
environment
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systems will trigger the suppression process while still actively
monitoring the environment. Figure 4 is a schematic indicating the
“smart” function used by AESS in a longwall mining environment.

Should any one system detect a secondary explosion, that system
will even if it was previously activated issue the next “explosion”
activation signal to the secondary (neighbouring) AESSs. Thereby,
creating a so-called Daisy-Chain suppression affect along the long-
wall working face. Figure 5 shows a physical installation of an AESS
installed in a chock in a longwall face.

3.3 AESS installed within the intake and/or return air tunnel

The AESS installed in the intake or return air tunnels are systems
that unlike the machine mounted AESS are exposed to very little
environmental strain. As they are not placed within the working
face of the mine, they will normally encounter very little influhand,
these systems are placed in an environment that, in the case of an
explosion, experiences the greatest explosion force. An explosion
propagating within an air tunnel can develop flame speeds well
beyond 330m/s, thereby reaching and exceeding the speed of
sound.

Figure 6 depicts explosion speeds achieved in the 200m
Kloppersbos explosion tunnel.

The AESS located in the intake and return airways must be 
specifically configured to service the tunnel dimensions that they
are located in. This is done by customising the spray pattern in
such a way as to have the fastest development of the suppression
barrier.

According to van Dyk (2005), the ExploSpot system is capable of
stopping a coal dust explosionthat has developed for 90 metres.
The AESS located within the roadway would, for example, be 
located between the splits, thereby restricting the degree of 
freedom for the flame to pass the barrier. Depending on the 
mining method (e.g. room and pillar), multiple AESS units may be
placed along the roadways.

Figure 7 shows a typical AESS and its inbye barrier suppression
action. An AESS would in this case be designed to function even

Figure 6. A graph depicting the speed of an explosion over distance

Figure 7. A typical Active Roadway Barrier mounted on a conveyor

under changing roadway conditions.

The AESS needs to move as the working face progresses. In case of
protecting the intake airway, the AESS can be installed on the feed-
er breaker. In case of the return airway, the AESS will be typically
installed as a standalone system. These AESS can be moved quickly
to adopt to movement of the cutting face.

4. INSPECTION AND MAINTENANCE OF AN AESS

AESS need to incorporate a self-checking routine to ensure full
functionality of its electronic equipment.

All the mechanical components that compose an AESS should 
provide enough protection to withstand the mining operation
environment. Figure 8 shows examples of environmental influences
on the components.

The working environment as well as rules related to flameproof
equipment dictate that inspections and maintenance needs to be
conducted (IEC, 2014).

The harsher the environment, the higher the frequency of 
inspection and preventative maintenance.

The inspection and maintenance can generally be split up into
three levels as explained in Table 2.

Due to the self-checking routines implemented in the AESS con-
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One Operator (pre-Shift) Fault finding according to operator’s manual

Two AESS competent Fault finding
Flameproof certified (Weekly and Monthly) Replacement of components

Certification of components

Three OEM Factory Factory repair
Inspection and certification as per IEC 60079

Level Competency/Certification Inspection/Maintenance

Figure 8 Mining environment requires equipment to be maintained.

Table 2 Recommended Inspection and Maintenance levels

Figure 9 An example of AESS’ operator interface

troller, all level one (Table 2) electronic components’ inspection
routines can be combined in a strict visual inspection of the
mechanical components as well as an observation of the AESS user
interface. The user interface will indicate any electronic
inconsistency and warn the operator should the primary function
of the AESS be affected.

Should the equipment have a communication interface, the AESS
can transmit the status of the AESS to that equipment. Figure 9
shows an example of how the AESS can interface with a c
ontinuous miner.

5 CONCLUSION

Active explosion suppression systems can be used in a variety of
applications. Due to their robustness and modularity, they can be
used even in those areas that are influenced by machinery and
ducting. 

Some AESS application will even require the systems to be mobile.
Essentially all AESS are designed to stop a methane gas and/or
coal dust explosion independent of the distance to the ignition
source. As an AESS will stop an explosion on the spot, it represents
the highest degree of safety regarding underground explosion
suppression.
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ABSTRACT

The Mine Health and Safety Inspectorate, 2011, requires a 
mandatory code of practice (COP) for emergency preparedness
and response. But is that enough?

Research presented at the Mine Ventilation Society of South Arica
over the last few years indicates that emergency preparedness and
response in underground mines are not receiving the attention
that it should. The mandatory COP for emergency preparedness
and response is not prescriptive enough. It is fundamental that
miners be equipped with self-rescue competence. In the event of
an emergency underground, self-rescue skills can mean the 
difference between life and death.

In this paper, we unpack what self-rescue means and what it
means to be competent in self-rescue, alluding to concepts such as
attitude, knowledge and skills. Only having knowledge of the COP
of a particular mine is not nearly enough. It is, however, a critical
starting point. It should be followed by sound emergency
evacuation equipment in underground mines, including 
sustainable refuge bays. Knowledge of the COP and how to care
for and use emergency evacuation equipment must go hand in
hand with an inherent attitude of safety.

Safety should guide every thought, decision and action of mining
personnel. And last but not least, mining personnel should have all
the necessary skills to ensure safe evacuation. Including how to use
critical lifesaving equipment such as self-contained self-rescuers
(SCSR) and Lifeline®.

This paper endeavours to explore the current emergency pre-
paredness and response practices in South African underground
mines, with the intent to recommend an optimal model for emer-
gency preparedness and responsetraining. The ultimate aim is to
save lives!

1.BACKGROUND

1.1 Emergency Response Training

Emergency preparedness and response training is one of the most
important variables that can lead to safe evacuation in case of a
fire in an underground mine. Biffi and Sehlabana (2018) quotes
research done by Brnich et al (1999) where forty-six miners were
interviewed after escape experiences. The miners involved in the
escape experiences admitted to panicking. Some miners admitted
to not knowing what to do at the time. Can miners afford not to
know what to do? One life lost in an incident is one too many.

1.2 What does research say?

Kowalski-Trakofler et al (2010) held focus groups with subjects who
were exposed to mine emergencies on site. Crucial findings were

that leadership and trust emerged as important considerations, as
did training. The better trained individuals were, the better able
they were to cope with emergencies.

Training facilitates quicker and better problem solving and it 
facilitates the development of collaborative working relationships
between underground personnel. In general, miners are trained to
take the necessary time to account for everyone in a section in the
first moments after a mine emergency is identified.

Identifying emergency gathering locations in an underground
work area is an important part of preparedness as it reduces the
amount of time needed to gather personnel and begin an 
evacuation. Researchers have noted that the greater the time delay
in response, the more problematic the response becomes.

1.3 Self-Rescue

It is crucial that miners be equipped with self-rescue competence
(attitude, knowledge and skills). In the event of an emergency
underground, self-rescue skills can mean the difference between
life and death.

Self-rescue means miners are equipped to help themselves to get
to a place of safety. Relying on rescue teams is not good enough.
Miners should be able to with confidence move to a place of 
safety such as the refuge bay. This can buy valuable time for proto
teams to rescue trapped miners.

Figure 1. The foundation of effective self-rescue

Figure 1 depicts the foundation of effective self rescue, which
includes:

1. Having an Emergency Preparedness and Response COP in
place;

2. Having the right emergency evacuation equipment available in
the mine;

D. van der Walt
Rescue One Equipment (Pty) Ltd

The shortcomings of emergency evacuation training in
underground mines

Original paper presented at the 2019 MVSSA Conference
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3. Underground personnel to have the right knowledge of the
COP, evacuation equipment and emergency evacuation 
processes;

4. Underground personnel to have a safety-first attitude;

and,

5. Underground personnel to be competent in the use of all 
emergency evacuation processes, tools, systems and 
equipment.

The first step in safe evacuation is having a well thought through
emergency preparedness and response COP in place as stipulated
by the Mine Health and Safety Inspectorate (2011). The second
step is to ensure that all emergency evacuation tools, equipment
and systems are in good working order, well maintained and life
sustainable. Competence is defined as having the right attitude,
knowledge and skills.

Attitude refers to the personal belief that each individual has a
responsibility towards safety. It talks to mine leadership’s attitudes
to safety as well as that of all mining personnel. This includes act-
ing a safe manner, adhering to safety procedures, looking out for
the safety of others and looking after equipment in the mine that
would ensure you safety and or safe evacuation.

Knowledge refers to each underground employee being aware of,
knowing and understanding the underground mining safety pro-
cedures (COP), knowing the mine ventilation system, knowing the
escape routes, signage and alarms, knowing how to use their
emergency evacuation tools/equipment and - processes.

Lastly skills implies the ability to apply knowledge through safe
evacuation. This includes the application of any safety related pro-
cesses or procedures, the competent use of emergency prepared-
ness and response equipment such as communication tools, SCSR
and Lifeline®. It also includes leaderships skills which are impera-
tive during an emergency evacuation.

1.4 The Learning Cycle

Let’s explore the concept of competence in the context of the
learning cycle. Figure 2 depicts the learning cycle.

It starts with unconscious incompetence. This is when someone is
unaware of a skill and their lack of proficiency of that skill. Once
exposed to the skill, one is made aware of one’s incompetence and
is moved into conscious incompetence. Once training is provided,
one moves to conscious competence.

The skills are used with some effort. Once the skills are so
entrenched, one moves into unconscious competence. This should
be the aim of emergency preparedness and response training.
Here these skills become automatic.

Using an example of donning a SCSR, when first entering the 
mining workforce, a newly appointed miner may not even know
about the existence of an SCSR and thus experiences unconscious
competence.

Once training is provided though the induction process, the miner
will become aware of his or incompetence and move to conscious
incompetence.

After some training in the use of the SCSR, the miner will move to
conscious competence, where it takes some concentration and
focus to use the SCSR.

If exposed to donning a SCSR that is not a training unit, thus 

providing resistance and heat, if done multiple times, the miner will
move to unconscious competence. Using a SCSR should be like
riding a bike. This will, however, not happen overnight.

1.5 Trainer Capacity

Haas et al (2014) emphasise that one of the challenges in mines
that prevents effective delivery of emergency preparedness and
response training is that trainers do not have sufficient capacity to
evaluate trainees on an individual basis, peers are expected to help
others during training emergency evacuation scenarios.

In engaging some of the major mining groups in South Africa, it
was found that most perform a mock mine rescue drill once a year
as part of their annual induction. SCSR training units are used in
the mock mines. In addition, they do monthly familiarisation with
the escape routes in their sections. No donning of SCSRs are done
underground. From the feedback provided, it is proposed that
these training interventions do not allow for moving through the
learning cycle to unconscious competence. This poses a serious
safety threat for all mines.

Considering the safety statistics in South Africa over the last few
years, incidents associated with fatalities have declined.

Figure 3. Fatalities in The Mining Industry in South Africa
(Source: Minerals Council South Africa)

Figure 2. The learning cycle
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The concern is that complacence in the industry could pose a 
significant threat to the mining industry in South Africa. The 
industry should at all times be ready and prepared. One fatality is
one too many.

In unpacking this challenge, let¡¦s consider the different levels of
effective self-rescue as depicted in Figure 1.

2 CODE OF PRACTICE (COP)

2.1 Legal Requirement

The Mine Health and Safety Inspectorate of South Africa (2011)
issued a guideline in for the compilation of the mandatory code of
practice for emergency preparedness and response. This guide
specifies that as far as training and awareness goes, that all 
potentially affected persons should be educated, trained and made
aware of how to deal with emergencies. The COP guideline
requires the following to be specified by mines in South-Africa:

•  The content and frequency of such training;

•  The procedures and appropriate actions to be taken in the event
of an emergency, including simulated exercises;

•  The correct procedures and applications on the use of 
emergency equipment;

•  The actions required relating to the location and description of
shutdown controls/lock out devices;

•  Instructions in the use of belt-worn self-contained self-rescuers
(SCSR); and,

•  The locality of copies of the emergency procedures and 
instructions.

3. EMERGENCY EVACUATION EQUIPMENT

3.1 Life sustainable

All emergency evacuation tools, equipment and systems should be
correctly installed, be well maintained and life-sustainable.

This includes examples such as cat lamps, selfcontained self-
rescuers (SCSR), Lifeline®, refuge bay equipment and 
communication tools. Lifeline® that is incorrectly installed can
mean the difference between life and death.

4. SAFETY ATTITUDE

4.1. Leadership

Leadership sets the tone when it comes to safety in any business.
Mine management should attend emergency evacuation drills and
show their visible support for safety by also displaying safe
behaviour.

Skeepers & Mbohwa (2015) did a study on safety leadership in the
South African construction industry. Their finding suggests that
safety performance can be improved by well-entrenched safety
management systems with the foundation being safety leadership,
communication and employee training.

Several studies have asserted that employee perception of 
management commitment correlates strongly with safety 
performance.

Safety leadership is fundamental, but in addition, each and every
person going underground must take safety seriously. One of the

easiest ways to confirm if mining personnel are taking safety 
seriously is by considering how they treat their life saving 
equipment such as Lifeline®. Do mining personnel walk pass 
damaged LifelineR? Or do they stop and fix it in case an 
emergency occurs.

Skeepers and Mgohwa (2015) highlight that the following are
essential to the development of a positive safety culture:

1. Communicating company values;

2. Demonstrating leadership;

3. Clarifying required and expected behaviour;

4. Personalising safety outcomes;

5. Developing positive safety attitudes; and,

6. Engaging and owning safety responsibilities and accountabilities.

5. KNOWELDGE AND SKILLS

5.1 Lifesaving information

Knowledge of how to escape in an emergency is lifesaving 
information. Miners should now their emergency preparedness
code of practice, their escape routes, their safety and emergency
signage and alarms and how to use their emergency evacuation
systems such as the SCSR and Lifeline®. Most

COP documents are lengthy. Do mining personnel read through
the COPs? Are the COPs explained to them? The COP should be
condensed into a document that can be easily consumed by all
mining personnel.

Traditional classroom training or even emergency response 
training in a mock mine can only accommodate some of these
requirements namely transferring knowledge on the emergency
preparedness and response COP, safety and emergency signage
and alarms. Escape routes in each section will have its own 
peculiarities. And SCSR and Lifeline® use cannot be sufficiently
addressed with classroom training. It requires repetitive skills 
training to ensure mining personnel can use these systems with
confidence and without hesitation. Especially during an emergency
when every second is of the essence.

5.2 SCSR

Biffi and Sehlabana (2018) quotes research done at the University
of Kentucky on SCSR use. It was clear from the research that 
miners were not confident in the use of SCSRs. Amongst others,
they did not follow the procedural steps correctly, about 25% 
forgot to don their nose clips, over 12% did not use their goggles,
around 12% could not activate their oxygen supply, and several
tangled the SCSR neck strap with the cap-lamp cord.

From this study it was recommended that:

1. Only one donning procedure should be taught;

2. Training should be more hands on with direct evaluation and
feedback;

3. Training should be conducted on-mine to avoid interruption to
production; and,

4. Hands-on follow-up sessions should be held throughout the
year and combined with fire drills.

Biffi and Sehlabana (2018) quotes research done by Brnich et al
(1999). Forty six miners were interviewed after escape experiences.
Significant observations included:
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personnel should be able to use their Lifeline® with confidence.
Knowledge of the air flow / ventilation would help trapped miners
to plan the appropriate escape route. Knowledge of the signage
and emergency alarms will quickly guide miners in the right 
direction.

All emergency evacuation equipment should be well maintained
and correctly installed. Delays are not an option in an emergency
situation.

5.4 Leadership Skills

Kowalski et al, did research on three actual mine fires, considering
leadership roles in these emergency escape scenarios. They found
that a profile of leadership in crisis emerged from the analysis of
these escapes. The data suggests several characteristics based on
the behaviour of the leaders. The leader of each escape may be
described as an aware, knowledgeable person or as an individual
who is alert to his environment, attentive, and discerning.

The leader notices things more so than do other mining personnel.
This astute quality is probably not limited to the mine environment
or to crisis circumstances.

This individual is naturally curious all the time and is the type of
individual who excels at incidental learning. Each of the leaders
retained information that was instrumental to the escapes.

Traits that stood out were:

1. They recalled specific details and repeatedly referred to the fact
that they "knew" through information or deduction;

2. They took charge. In the groups where the authority led the
subjects out of the mine, the leadership was a natural evolution
of the group dynamics. It was a continuation of the social order
before the disaster. Yet, the same dynamic occurred in the
groups where there was a definite emerging leader. These 
leaders did not force themselves and their suggestions on the
group - the leadership developed in a natural way;

3. They were decisive, yet flexible. They made decisions; yet if 
circumstances changed, they adapted;

4. They were open to input from others. There is evidence that in
most of the escape groups there was a second in charge who
offered worthwhile suggestions and support. In instances where
there was emergent leadership, many times the leader began in
a consulting function to the authority;

5. Effective leaders seemed to have a calming effect on their
group. They were aware of others' levels of fear and offered
reassurance when it was needed.

Miners in each group had confidence in the leader's ability to
direct them to safety; and, 6. There was a Logic to their leadership.
Decisions were appropriate and congruent with the available 
information.

6. CONCLUSION

6.1 Learnings

Considering research on emergency preparedness and response
and some practical learnings in the development of emergency
preparedness and response training, the following has been
identified:

1. Classroom training and even mock mine training is not 

• None of the miners had worn a SCSR prior to the emergency;

• Most miners indicated that they were not proficient in donning
an SCSR;

• Some miners delayed donning their SCSR because they were
aware of the limited duration of the unit;

• About 67% indicated they donned the SCSR in smoke; and,

• About 59% admitted to removing the mouthpiece or to 
breathing around it in smoke once the felt the resistance to
breathing had become excessive.

Some of the practical issues that Biffi and Sehlabana (2018) have
identified around the use of the SCSR include:

• The ability to proficiently start a SCSR in poor visibility;

• The awareness that when using the SCSR the unit provides both
resistance and heat through the air that is breathed;

• The unit will heat up and create a feeling of warm on the user’s
chest;

• The SCSR could cause irritation of the mouth and upper 
respiratory tract;

• The chemical reactions may cause an unfamiliar taste in the
mouth;

• The nose clip may cause discomfort and may prompt the user
to remove it;

• Goggles can be very uncomfortable in an incident and the
tendency may be to remove it;

• The breathing bag will fill up with air and could overflow
through the relief valve; and,

• It could be uncomfortable to crawl through tight spaces with
the airbag overflowing.

Underground personnel should be made aware of all the above
through practical, realistic training. As mentioned before, the aim
would be to get to a point of unconscious competence. In an
emergency, time is of the essence. A person panicking because of
any of the above-mentioned issues, could lead to disastrous 
consequences. Through proper training in an underground setting
with real equipment, underground personnel will learn:

• how to slow down their breathing rate;

• the importance of walking a steady pace;

• the importance of remaining with the crew and watching out
for each other;

• not removing the mouthpiece or the nose clip;

and,

• only removing the SCSR when reaching fresh air or when
switching to a different unit.

Biffi and Sehlabana (2018) emphasise the importance of hands-on
training in the complete donning of all types of SCSRs in use in the
mine, as well as hands on training in transferring between self-
rescue devices at change-over stations.

5.3 Lifeline®, Escape Routes, Ventilation, Signage and Alarms

Mining personnel should have hands-on knowledge and skills with
regards to the use of Lifeline®, the escape routes in their sections,
how ventilation flow works in the mines, emergency signage and
alarms. When time is of the essence during an emergency, mining
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adequate and realistic enough;

2. Routine rescue drills underground are approached as a tick-box
exercise;

3. Mining personnel (at all levels of the organisation) do not
always display safety values / attitudes; and,

4. Using training SCSR units do not allow mining personnel to
have a “real” experience.

Because of the above, in the event of an emergency, and especially
a fire underground, mining personnel tends to panic. When panic
sets in, all actions take longer, including donning a SCSR.

What is clear from the above is that psychological issues can have
a significant impact. Effective emergency preparedness and
response training can have a significant impact in removing a 
feeling of panic and uncertainty. Hence it is strongly recommended
that emergency preparedness and evacuation training should 
consist of hands-on sessions in the sections underground where
miners fulfil their duties. This means a realistic simulation of an
underground fire using a smoke machine in the section where
miners are working. Biffi and Sehlabana (2018) emphasises that
hands-on training and follow up sessions should be held 
throughout the year an should be combined with fire drills. They
highlight that hands-on training will assist miners in:

• Experiencing the donning procedure, which includes the correct
use of the mouthpiece;

• Getting used to the breathing resistance and heat experienced
when using the SCSR;

• Learning how to pace themselves during an evacuation in order
to reduce stress and subsequently oxygen demand;

• Getting comfortable with change over from a short duration
SCSR to a long duration set.

The most significant challenges in making emergency 
preparedness and underground training work are as follows:

• The use of self-contained self-rescuers that provide a “real”
experience. This could be overcome by using a mouthpiece that
the CSIR has developed that simulates a “real” SCSR.

• Getting buy-in from mine management to perform emergency
evacuation training in the sections underground.

Loss of production is cited as a reason to rather train above-
ground in classroom or in a mock mine. Should the training be
accredited and conform to MQA Unit Standards, mine 
management may be more inclined to support such training 
initiatives.

6.2 Management buy-in is a critical success factor

Management buy-in is thus a critical success factor. Haas et al
(2014) indicates that an evident gap illustrated by trainers was the
need for mine highranking managers or safety personnel) to have
presence or participation during mine safety training.

This displays their commitment and sets the tone for safety in the
mine. They also recommend that state organisations, such as the
Department Mineral Resources (DMR) in the South African context,
also be present during training. This would contribute to a better
understanding of the state of the mining industry and practical
challenges experienced. Their presence and understanding could
contribute to better cooperation between the mines and the DMR.

6.3 Conclusion

The conclusion is that traditional show-and-tell training is not 
suitable for emergency preparedness and response training for
underground mining personnel.

Kowalski-Trakofler et al (2010) conclude that hands-on training in
realistic situations is the best way for miners to become prepared
and confident.

Working and training together enables mining crews to get to
know and trust each other. Mine management buy-in is a key 
success factor.
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2 BACKGROUND

Employers perform routine exposure sampling to measure the
exposure of employees to contaminants. Exposures are regulated
in the form of time weighted averages (TWA) or short-term 
exposure limits (STEL). There are numerous factors that affect
exposure levels, namely:

• Rate of release

• Processes involved

• How well the process is enclosed

• Draught and LEV systems

• If the air passes through baghouses or scrubbers

• How and where the air is discharged into the general 
atmosphere

• The general ventilation inside the building

By understanding these factors, it is possible to assess why there
are unacceptable exposures and what appropriate solutions can be
implemented.

3. DETERMINING WHERE TO BEGIN

When the results from routine exposure monitoring are received
and analysed, areas of concern and exceedances of exposure limits
are identified. Where should one begin? How does one identify
the cause? What is the most effective and expedient means of
addressing the problem?

When a sample is taken that indicates an exceedance, it can be a
time-consuming task to identify the cause and what needs to be
done to rectify the situation.

The first step is to confirm if the sample is valid or if it is an outlier
that could possibly be discarded.

The possible high outlier result should not be used to ignore 
samples that indicate that there are problems. As a minimum, an
investigation of what happened on the day of the sample is a
must.

During the investigation process to determine if the sample is
valid, the investigation may have identified the cause which can
then be rectified; however, in a plant environment where 
employees move through multiple areas and processes, it can be
difficult to identify the actual cause. In a plant where the processes
and exposures are well understood and supported with an 
appropriate sampling strategy, the required supporting samples
should be available to assist the investigation and identify the
cause. If this is not in place, additional sampling will be required to
determine the origin of the contaminant and the possible cause of
the exceedance.

The results from the sampling may assist in determining the root
cause or may only be sufficient to identify the process and or area
that the contaminant is originating from. An immediate short-term

ABSTRACT

Processing plants and refineries are areas where employees can
potentially be exposed to poor atmospheric conditions.
Contaminant samples that exceed the permissible levels need to
be investigated to determine the cause and controlled in an
appropriate manor to prevent/mitigate future exposures. 

Procedural and PPE controls can occasionally be used as a control,
however implementing or improving an existing engineering 
control is more effective and sustainable. This is achieved by 
introducing or addressing the underperformance of local exhaust
and ventilation (LEV) and draught systems that capture pollutants
at source and general ventilation. 

Detailed periodic measurements of these systems enable the 
performance to be determined and analysed. Ensuring that 
capture and transport velocities, and correct pressure gradients are
maintained will minimise contaminants escaping into the working
place which are then diluted and removed by sufficient air
changes. 

This paper details the process to be followed so that condi-
tions that are conducive to a healthy and productive working envi-
ronment are achieved.

1. INTRODUCTION

In the South African mining industry, the commonly termed
Ventilation Occupational Hygiene and Engineering Department is
responsible for the monitoring and reporting of employee working
conditions.

These conditions include ventilation, temperature and the 
exposure to harmful contaminants. Typically, these departments in
the past prioritised the underground operations, which is expected
given the depth of South African mines and the potentially fatal
conditions that can be encountered if they are not appropriately
managed. As a result, the challenges faced in surface processing
plants and refineries have not always featured at the top of the 
priority list.

More recently, there has been an increase in the awareness of
potential occupational exposures in surface processing plants and
refineries. The impact of variations in throughput, changes to 
processes and the effectiveness of ventilation controls all have an
impact on the potential exposure to contaminants.

Areas where the supply of general ventilation was a suitable 
control, have in certain instances been affected by tighter security
measures and changes to the original building designs. The result
is that environmental conditions in plants must be routinely 
sampled and the effectiveness of the controls assessed to ensure
that the working environment is appropriate for employees.

J.P. Pearton & J. Snyman, BBE Consulting, South Africa

Plant Exposures: 
Creating an employee-friendly working environment

Original paper presented at the 2019 MVSSA Conference
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solution is occasionally a simple change to procedures or PPE
requirements; however, this is not a solution in creating a 
sustainable healthy and safe employee friendly working 
environment. To create such an environment, the hierarchy of 
controls should be followed with the focus on engineering 
solutions so that the contaminant is removed or reduced to an
acceptable level at source.

4. ANALYSE THE CURRENT SITUATION

Once the system or process that is causing the unacceptable 
exposures has been identified, the reason why the contaminant is
being released into the working area must be addressed. If the
cause was a once-off event, the investigation should have 
identified and addressed the cause thereof, otherwise the cause is
likely to be as a result of underperformance of the local exhaust
and ventilation (LEV), draught or general ventilation systems.

For existing LEV and draught systems, determining the cause
begins with a detailed system inspection, which will identify
mechanical or visible design flaws causing the system under-
performance.

This should be done in conjunction with detailed airflow 
measurements of the system. The typical mine SCADA may be able
to provide information on the overall system performance which
will be useful; however, measurements of the individual elements
will need to be taken which will require suitable measuring points
to be identified and be made available (e.g., holes drilled in 
ducting).

The measurements are used to calculate the pressure losses, 
capture velocities and transport velocities of the system. Where
design drawings or design specifications are available, the 
measured performance should be compared to the design
requirements.

If these are not available, the measured performance is compared
to typical industry norms. This will enable the elements in the 
system that are underperforming to be identified. These could
include:

• Undersized fan

• Incorrectly sized ducting

• High pressure loss in the system

• Poorly designed extraction element

• Modifications to the existing system

• Balancing of the system airflow, etc.

If there is no LEV or draught system in place, the process and 
contaminant concentrations should be reviewed to determine if
such a system is required. Improving the general ventilation may
provide a practical solution if the concentration levels are low and
can be diluted further. The practicality of introducing a general
ventilation system will be affected by factors such as:

• Concentration level

• Airflow movement through the building

• Maximum allowable air velocity

• Area where the contaminated air is being exhausted

• Security requirements. 

5.ADDRESSING THE CAUSE

Once the cause of the underperformance of the control system is
known, options to correct the system can be conceptualised and
evaluated. 

These could be relatively inexpensive and easy to execute, for
example:

• Speeding up a fan

• Replacing a section of ducting

• Redesigning a capture hood.

More complex solutions would include a complete redesign of the
system, including new baghouses or scrubbers.

It is therefore important when considering options, that the actual
control system requirements are known and well understood. For
example, a simple request to double the capture velocity on fume
hoods could result in doubling of the required air quantity and a
new system having to be installed, compared to the option of
reducing the open area of the hoods by half, which if practical,
would achieve the same result with potentially a much lower cost
and within a much shorter time period.

In certain instances, it is beneficial to model the system in a 
ventilation software package so that the impact of the various
options on the system can be simulated. This is particularly useful
as both a visualisation tool and when complex scenarios need to
be evaluated, such as a system with multiple fans and capture
points.

6. GENERAL VENTILATION

General ventilation is required in a building to maintain a healthy
and comfortable working environment. The LEV and draught 
systems should be designed to reduce the release of contaminants
from the point of source into the general atmosphere.

This enables the use of a baghouse or scrubber to remove 
contaminants from the general air before it is discharged into the
atmosphere, improving the air quality for those in the plant and
the surrounding areas.

In order to determine if the LEV and draught systems are 
operating correctly, sampling should be redone once the systems
have been restored. If the contaminant levels are acceptable, the
general ventilation requirements need to adhere to SANS 10400-0
and are generally easy to achieve and implement. If the 
contaminant levels are still too high, the general ventilation will
need to be increased to dilute the contaminants and reduce the
exposure to an acceptable level.

The design of the general ventilation should be done for the entire
building and must consider all air entering and exiting from each
area to ensure that areas are correctly pressurised. Positively 
pressurised areas are where the area has a nett positive pressure to
prevent dust and contaminant ingress.

Negatively pressurised areas are where the area has a nett 
negative pressure to prevent contaminants from spreading to
other areas in the plant. The nett airflow between areas must also
be considered to prevent a scenario where a large negative 
volume in one area impacts the pressure gradients across adjacent
areas.
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7. CONCLUSIONS

The effectiveness of LEV and draught systems is critical in the 
sustainable control of contaminants in plant environments. If there
are known modifications or concerns regarding the performance
of these systems or the sampling is returning high contaminant
levels and exceedances, the systems should be audited.

The results of these audits will enable the cause to be identified
and a suitable engineering control can be designed and 
implemented. Once the LEV and draught systems are performing
as required, the general ventilation can be designed to obtain the
required environmental conditions.

It is imperative to understand the that sub-systems are 
interdependent, and the implementation of effective LEV or
draught systems must be done first to capture the contaminant at
source followed by a resampling for contaminants within the work
area to establish the effectiveness of the system. If required, the
general ventilation can be increased to dilute any contaminants to
acceptable levels.

The pressurisation of each area and the pressure gradients
throughout the building must be considered to ensure that
contaminants are not being spread through the building.

Periodic measurements of all sub-components of the engineering
system need to be conducted to ensure the operation conforms to
design specifications.

ERRATUM
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ABSTRACT 

In an underground coal mine, headings are ventilated by making
use of either scoop brattices or auxiliary fans. The purpose of these
appliances to ensure the headings remain adequately ventilate to
prevent a build- up of gas, as well as the control of dust. Air is
forced/guided from the last through road into the heading.

Matla coal, with the help of a service provider, and by making use
of computational fluid dynamics, set out to establish airflow 
patterns within coal winning, as well as non-coal winning headings,
in order to establish to what extent the above mentioned 
appliances would be apply to effectively ventilate these 
developments.

1.  INTRODUCTION

In an underground coal mine, headings are ventilated by making
use of either scoop brattices or auxiliary fans. The purpose of these
appliances to ensure the headings remain adequately ventilate to
prevent a build- up of gas, as well as the control of dust. Air is
forced/guided from the last through road into the heading.

To what depth can a scoop brattice effectively ventilate a heading
and when should a fan be deployed? This is the question that lead
to the current research.

2. BOUNDARY CONDITIONS

Tabulated below is a summary of boundary conditions that were
used:

Table 1. Boundary conditions

3.NON-COAL WINNING HEADINGS

The following standards were used to measure the effectiveness of
the brattice, and auxiliary fan, against:

• Non- coal winning headings to be supplied with 0.10m3/s/m2 of
face area

• All headings that have advanced more than 12m from the last
through road (LTR) will be ventilated with a scoop brattice or an
auxiliary force fan system.

• Any heading that has advanced between 12 and 24m must be
ventilated by either a scoop brattice or a force fan.

• Any heading that has advanced further than 24m must be 
ventilated by a force fan and ducting.

• The scoop brattice must be installed over the full working
height of the road.

• The discharge end of the scoop brattice must be within 4.0m
from the face.

• The force fan must be so positioned to prevent recirculation.

• The distance from the discharge of a ducted force system must
not be closer than 15m and not further than 20m from the face.

4. RESULTS FROM NON-COAL WINNING HEADINGS 

With the non-coal winning headings, the scoop brattice was
installed, assuming no leakage, and installed as per standard. The
axial flow force fan was installed on the upstream side of the 
heading, inside the entrance, with the outlet of the duct installed at
15m and 20m from the coal face.

It was also noted that when the fan was placed inside the heading
that recirculation occurred. It is therefore important to position the
fan correctly.

The sketches below will demonstrate the difference between the
two installations.

Figure 1. Location of scoop brattice 

4.1 Scoop brattice installation

With this method, air is scooped from the LTR and delivered into
an empty heading. If the brattice is installed properly it is fairly
simple to obtain the desired quantities inside the face. As 
mentioned earlier (based on the air delivery of 0.10m3/s/m2) only
2.8m3/s is required inside the face. According to the CFD results
the scoop delivers 3.9m3/s, which in theory proves a scoop brattice,

Description Model input values

LTR inlet velocity 1.5m/s

Heading dimensions 7m (width) x 4m (Height)

Outlet velocities from spray 40m/s (based on water
fan nozzles pressure of 40bar)

Cutter head position Downward

Scrubber quantity 12. 76m3/s

Quantity at duct outlet 8.7m3/s
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if it is installed correctly and with minimal leakages, can effectively
ventilate a heading of this cross-section.

4.2 Force fan installation

With the force fan installed, obviously more air is forced into the
heading. A 37kW force fan was used and by making use of the fan
curve, as well as measurements underground, the simulation
showed that the fan delivered 8.7m3/s into the heading. This is
much more than the requirement and in theory there should
always be sufficient air available inside the heading.

5. COAL WINNING HEADINGS

In this case the CM is active inside these headings. The focus here
was the airflow dynamics and fresh air availabilities around the CM
and face area. The use of both scoop brattices and 37kW force
fans was investigated and measured against the following 
standards:

• The amount of air required in a coal winning heading should be
not less than 0.4m/s flowing past the CM during cutting 
operations.

• The amount of air required in a coal winning heading should be
not less than 0.2m3/s/m2 of face area (this will be positively 
supplied by either a scoop brattice or force fan once the 
heading has advanced more than 12m from the last through-
road.

• The dust scrubbing system will at no time circulate an air 
quantity more than twice that of the force system. (Max. of 50%
recirculation permitted).

Positive ventilation will be supplied as follows:

• When the heading length is between 12 and 18m either a force
fan with no ducting or a scoop brattice will be required.

• When the heading length is greater than 18m a force fan with
ducting is required in which the ducting outlet will not be 
further than 20m from the face.

Auxiliary fans:

• Positioned on the upstream and opposite side of the heading
from the discharge of the on-board scrubber fan.

• To be in place prior to the heading exceeding 24m.

• To be positioned in such a manner that no recirculation takes
place.

• To be started when the heading has advanced 24m from the
last through road.

• The maximum heading depth that can be positively ventilated is
dependent on the quantity required at the ducting outlet to
achieve the 0.2m3/s/m2 per face area.

6. RESULTS FROM COAL WINNING HEADINGS

6.1 Scoop brattice installation

The following scenarios were simulated:

• CM right ¡V and left sump at 12m with scoop brattice

• CM right- and left sump at 18m with scoop brattice

6.2 12m heading depth

Airflow patterns indicate that whilst the CM is busy with the right
sump, the air from the scoop brattices takes the shortest route to
the scrubber inlet. This leads to a portion of the face being
deprived of ventilation.

Figure 2. CFD results

Figure 3. Heading velocities with no fan

Figure 4. Heading velocities with no fan Figure 5. Flow patterns in 12m coal winning heading
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The next scenario shows the CM moving to the left web/cut of the
heading. Airflow patterns here indicated the scrubber is assisting in
drawing air from the last through road, through the scoop, to the
inlet position of the scrubber.

The major disadvantage of a scoop brattice is the lack of velocity
energy to deliver air onto the face. With the scrubber being the
primary source of energy the air from the LTR and scoop will
always flow towards the inlet position of the on-board scrubber
leaving the face area deprived of sufficient airflow.

Similar to the information displayed above, when cutting the left
side of the heading, the scoop brattice simply does not have
enough velocity energy to penetrate the face and resultantly the
right cut/web is deprived of sufficient airflow.

An interesting phenomenon was observed when the CM was 
cutting in the right-hand position, with the boom in the upward
position. The air from the onboard scrubber recirculates back to
the inlet creating a resistance to the air being delivered from the
scoop brattice. It appears as if the boom position plays a 
significant role in the airflow patterns because as soon as the
boom lowers the air from the scoop is again allowed to flow freely.

6.4 Force fan installation

The brief was to also evaluate the use of a 37kW force fan against
the proposed heading standard. The fan to be installed to prevent
recirculation. Up to 24m the fan is to be used without a duct and
beyond 24m a duct to be fitted and installed to not exceed 20m
from the face.

The boom up and boom down position scenarios, as well as the
left and right cuts were investigated. With the force fan in use,
there should always be sufficient air available inside the heading. It
should be noted with the CM in the right sump position and force
fan positioned on the floor the air from the fan blows up against
the back of the CM with only a portion of air reaching the face.
The airflow lines do however indicate a fair amount of air is 
reaching the face.

With the CM on the left-hand side of the heading all the air from
the fan is being delivered on the face.

7. CONCLUSIONS

For non-coal winning headings, with a scoop brattice installed
properly and discharging 4m from the face, with minimal leakage,
the required 0.10m³/s/m² of face area can be achieved. Obviously
with the inclusion of the force fan these quantities can be easily
achieved.

Figure 6. Flow patterns in 12m coal winning heading with fan 6.3 18m heading depth

Figure 7. Flow patterns in 18m coal winning heading
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As far as coal winning headings are concerned, the use of a scoop
brattice when the CM is cutting on the left-hand side of a heading,
portions of the face will always be starved of ventilation due to the
lack of velocity energy i.e. penetration that a scoop brattice 
provides as air is drawn directly to the inlet of the scrubber inlet.

In addition to that, the risks are always there that the recirculation
of the on-board scrubber, will prevent the air from the scoop 
brattice to be delivered and penetrate the face. With all the 
vehicles present inside a coal winning heading the chances of
maintaining the scoop at 12m from the face will be highly unlikely.
At greater distances from the face the scoop will prove to be 
completely ineffective.

Using the force fan together with the on-board scrubber, it can be
assumed that the heading standard requirements could always be
met, including the 50% recirculation based on the easy to use
scrubber air recirculating equation as mentioned in the report, the
minimum air volume delivery of 0.2m3/s/m2 of face area as well as
the 0.4m/s past the CM into the heading. This is because the
scrubber volume and the force fan volume are always used with a
set volume.

The only reason why any of these expectations could fail is when
the scrubber screens becomes blocked or the force fan fails.
Looking at the data that was recorded in the various simulations,
all heading standard requirements were always complied with,
based on the above statement.

The only aspect that could be influenced is the actual installation
of the force fan. Being positioned on the floor, the air will always
bounce against the back of the CM when cutting on the right of
the heading. The ideal is to have the fan positioned in such a 
fashion that the majority of the fresh air is directed towards the
face area to ensure effective contaminant control. A   
recommendation in this regard would be to have the ventilation
duct elevated when the CM is cutting in the right of the heading.
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Figure 8. Flow patterns in 18m coal winning heading
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Despite the challenges presented in 2020, TLT-Turbo Africa
continues to redefine ventilation for mining operations across the
continent. Their customised and pro-active approach to ventilation
solutions, combined with their new range of auxiliary and booster
fans, have provided substantial electrical cost-savings to a major
global gold and platinum producer, just 3 months after installing a
customised pair of TLT-Turbo Africa’s fans at one of their South
African sites.

TLT-Turbo Africa was approached by an ultra-deep mining 
operation located in Gauteng, requiring a recommendation for a
suitable fan solution to be installed in a section of their mine.

“Following numerous engagements, our Engineering and Research
and Development teams set out to develop a customised solution,
utilising our high efficiency A&B fan range,” Vusi Madlopha,
TLT-Turbo Africa Head of Sales & Business Development relates.

TLT-Turbo Africa’s solution was purpose-designed to meet the
requirements of the mining operation. At the time, the operation
was using multiple installations of auxiliary fans to deliver the
required volume and pressure (these auxiliary fans were 
consuming ±630kwe). The mine was also operating three main
surface fans, each consuming ±2MW of power.

“The client’s main objective was to ensure that a sufficient volume
of ventilating air was provided to the underground operations
while reducing power consumption,” explains Madlopha. “To meet
their needs, TLT-Turbo Africa was required to supply two fans, each
capable of moving 71 m³/sec of ventilating air at a pressure loss of
3000Pa.” These requirements fall comfortably within the design
ranges of TLT-Turbo Africa’s A&B fan offerings.

Based on an assessment of the mine’s needs, the final 
recommendation made by TLT-Turbo Africa was for two
MC1600AP-160KW dual stage fans from the newly launched A&B
fan range (specifically 1600mm diameter, dual-stage fans, each fan
driven by two 160kW high-efficiency motors). 

However, there was another challenge that TLT-Turbo’s team was
required to resolve; the selected fans (as per standard, off-the-shelf
design) would be too large, to pass freely through the shaft and
horizontal infrastructure, in order to reach their installation site.
Madlopha says to overcome this obstacle; TLT-Turbo Africa’s R&D
team custom-designed the required fans to be modular, this
allowed transport of the fan components through the shafts and
access tunnels of the mine, once on site, the fans were easily
assembled. 

The complete product offering also included; broadband silencers,
self-closing doors and other fan ancillaries. For this project,

TLT-Turbo Africa also provided Direct On-line (DOL) starter panels,
which were locally manufactured. According to Madlopha, 
“TLT-Turbo Africa offered the mine a solution well suited to the
tough underground mining environment. This solution would
ensure a reliable supply of ventilation within the section of the
mine in which the fans were to be installed. 

Three months after the installation and commissioning of the 
supplied fans, feedback from the mine echoed Madlopha’s 
confidence in the TLT-Turbo Africa product. Conditions under-
ground at the shaft have improved noticeably, particularly in the
previously warmer upper-levels. Positive comments regarding
these improved ventilation conditions has been received from all
levels of the workforce. Measurement of the delivered 
performance of the installed fans, indicated that the fans were 
performing exactly as had been specified (both in respect to 
volume of ventilating air moved and in power consumed).

The installation and commissioning of the TLT-Turbo Africa fans
described above, has allowed the mine to permanently stop and
remove 14 other auxiliary fans (with a total rated power of 630kW).
In addition, the mine has also been able to permanently stop one
of the main surface fans, resulting in a direct energy saving of
+2MW of power, providing an annual electrical cost-saving of
±R14m. The capital pay-back period on this project has been less
than 3 months. With the lifespan of this project exceeding 10
years, the implied electrical cost savings of this solution are 
massive. 

According to Madlopha, the success of their ventilation equipment
at this mine can be attributed to the innovative design of their
A&B fan range, and to the ability of TLT-Turbo’s experts to 
customise these fans even further to meet client and site-specific
requirements. “The system supplied was customised and 
optimised for that particular operation. The design point, layout
and robust structure provided an overall fan system which is not
only efficient, but also reliable”. 

The performance and energy efficiency of TLT-Turbo’s A&B range
is capturing attention on a global scale. TLT-Turbo Africa has pro-
vided similar solutions to various companies in Sub Saharan Africa,
and also recently, the USA. “Our high efficiency A&B fan range is
truly a global leader in mine ventilation equipment. It is a well-
known fact that if equipment performs well under South African
hard rock mining conditions, then it is up to the test in other 
mining markets around the world. This has led us to a strategy for
internationalisation of this product range,” Madlopha enthuses.

In conclusion, Madlopha states that the key to the success of any
mining ventilation project such as this installation, is their unwaver-
ing commitment to redefining ventilation. The A&B fan range was
designed based on client input with the objective of meeting venti-
lation requirements and reducing operational costs. The A&B fan
range solutions are designed to replace the traditional, large 
primary ventilation fans with a simple, “plug and play”, modular
design, using the same fans which are also designed to be used
underground. This concept allows a mine to keep standardised
spares, therefore improving reliability and availability of the fans. 

“With our high efficiency fans, mines have seen a significant
reduction in operational costs, where they were able to switch off a
large number of standard auxiliary fans, and replace them with our
A&B fans”. 

Redefining mine ventilation efficiency and cost savings

NEWS
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AMS Haden (Pty) Ltd and Barnel Design and Manufacturing cc
announced the merger of their businesses on 13 November 2020. 

The two companies have shared a close relationship for the past
10 years.

The combination brings together two complementary companies,
each with an excellent reputation in the mining services industry.
The joint team will combine its knowledge in the industry, 
distribution of quality instruments, solutions integration experience
and the local manufacture of gas detection instruments with the
goal of providing turn-key solutions to our clients.

‘We are pleased that this transaction was completed. The next step
is executing a seamless integration.’ said Timothy Nelson, the MD
of AMS Haden. ‘The merger is consistent with our strategy to grow
our offering to our clients. We want to continue to make customer
service the central element to everything we do. We are able to
increase working with companies in local mining communities as
we now have a complete package to offer to clients.’, added Charl
Barnard, the MD of Barnel.

As from 1 March 2021, the two companies will operate as one
entity, under the registered name of R Haden Instrument Services.
All the existing sales/support agents or distributors of AMS Haden
and Barnel will not be affected by this merger in any way. It is 
business as usual.

All business partners and suppliers will continue doing business /
working with AMS Haden and Barnel.

About AMS Haden

AMS Haden distributes and supports instruments for Occupational
Hygiene, Safety, Environmental Monitoring & Control and Mine
Ventilation. AMS Haden also manufactures its own range of 
instruments, including the Exsens range of gas detection 
instruments and the Vent Pro 2 for Airflow measurements.

About Barnel Design and Manufacturing

Barnel designs and manufactures health and safety products, 
mining illumination systems, occupational hygiene systems, lamp
room systems, fire suppression and dust suppression systems.

Merger between AMS Haden and Barnel Design and
Manufacturing

NEWS
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