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Editor’s Comment
As safe as bridges

Marco Biffi
Pr. Eng.
Honorary Fellow
Honorary Editor

The repairs to the highway infrastructure in
Johannesburg currently on the way until
October 2019 do not only provide cause for
consternation and frustration for those of us
that get caught-up twice daily in the ensuing
traffic mayhem, but also as an opportunity to
reflect on the many "realities" that we take for
granted – daily or as a matter of course.

Two papers in this issue speak to
implementing controls, the only means by
which residual hazards may be mitigated or
eliminated beyond the design stage.

Those of us who grew up in the City of Gold
have always been used to the extensive
concrete elevated infrastructure, its bridges and
ramps and despite the traffic congestion at
peak periods, appreciate the value of having
such an artery.

The other paper describes the holistic risk
management of conveyor belt fires. As in the
case of bridge design, one would not want
designers of these systems to cut corners or
adopt inferior design solutions.

In the one paper, the value of designing and
applying requisite local exhaust ventilation
systems to reduce emissions and therefore
exposures is presented.

Another point for reflection is the realisation
that those sturdy concrete pillars and beams do
not last forever and that despite some "cursory"
maintenance, after a mere fifty years, major
repairs and refurbishment work are now
needed.
Please send your
comments and
opinions to
info@mvssa.co.za

Another question: could this "painful" process
have been avoided if a different and possibly
more intensive, and certainly expensive,
maintenance routine was to be followed?
Probably yes. The reason why this has not
happened is probably due to strained city
budgets on the one hand, and in the trust that
the bridge designers, fifty years ago would
have been generous with their calculations and
overzealous in the quality control of the
construction.
Today, thanks to the digital revolution, virtual
reality and powerful processors, there is a
tendency to take design and performance
parameters for granted, allowing layers of
automated systems to do the necessary
oversight. This has a greater inherent risk if
operators do not analyse the products of such
processes with the due level of scrutinising
interest. Computer simulations allow us to sail
closer to the wind than we did before, and
reams of statistics are used as an indication of
the probability of future outcomes – I guess the
future is based on the past after all...
We are constantly reminded that we must
"build for purpose", "value engineer" review
designs, adapt layouts to very ambitious
production targets and, sometimes,
increasingly put on the line our professional
integrity to shave-off costs.
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In both cases one would have to ensure the
application of high-quality controls that are
maintained regularly by qualified personnel
and applied rigorously by competent operators.
No room for compromise here – in the same
way as one would expect a bridge to perform.
Sadly, however, one often finds that thanks to
cost cutting measures and staff shortages, the
systems are not maintained, repaired or
calibrated to a point where they have lost their
value in controlling the hazard for which they
were intended.
Another shortcoming is that ventilation
practitioners are called upon to report on the
status of fire-fighting and other equipment for
the detection and prevention of fires and gas
explosions in terms of Regulation 5(1), but in
many cases, they do not have the authority to
intervene in repairing, maintaining or
upgrading deficient infrastructures.
This heightens the risk to which an operation
and, more importantly, employees are exposed
– until some event or intervention occurs. This
often takes the form of an external audit by
authorities or peer bodies or insurance
companies. Sadly, at times, this only happens
after an incident. At that stage, resources are
hastily found to remedy shortcomings and
"normality" returns until the next inspection
round. What happens in-between is often left
up to fate.
In days of old, employing fire masters was a
well-accepted practice on all major mines at a
time when mine fires occurred more often than
is currently the case.
The fact that the number of fire incidents has
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decreased significantly in the last twenty years is a testimony to value of
interventions and protective measures that could be implemented also
through to the dedication of those individuals.
Having succeeded in reducing the incidence of underground mine fires it
would be careless to relax the levels of vigilance as may be the case
currently – often as the result of lacking resources. Although the number of
fire incidents has decreased significantly, the severity of several that have
occurred in the last five years have resulted in a disproportionate number
of fatalities – something that should be a concern to all.
The conclusion is that in some instances, the human touch, knowledge
and experience may be more effective than any technology because competent professionals are well aware of the limitations of such equipment.
If all of this does ring an (alarm) bell, then it is best to start taking some
proactive steps to keep reminding management of operations of the
unwanted outcomes that will be incurred if that combination of holes in
the Swiss cheese is aligned.
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Assessing support packs from an
occupational hygiene perspective
C.J. Pretorius, R. Teleka
Council for Scientific and Industrial Research (CSIR), South
Africa

ABSTRACT
Cementitious grout support packs are usually assessed for
their strength and durability from a safety perspective.
Formulations of these packs range from cement mixed with
water to resin-based formulations.

falls. FoGs have consistently been a major contributor to
mining accidents and fatalities over the past 10 years as
shown in Figure 1 (Department of Mineral Resources,
2010). FoGs contribute the most to mine injuries and
fatalities because they affect a large group of mine
employees when they occur; for example, 33% of the
fatalities in 2016 were a result of falls of ground (Slater,
2017).

Over time, these packs start to crumble and fine dust is
released into the workplace atmosphere. This paper presents
the outcomes of a pilot study that was undertaken to assess
the crystalline silica content in the fine fraction of different
support-pack materials. The bulk materials had a fine
fraction of between 0.2% and 1.3%. However, the crystalline
silica concentrations in the fine fractions were between 2.5%
and 41.9%. The amount of crystalline silica is significant and
loose dust that is made airborne over prolonged periods of
time, may pose a considerable health threat to mine
employees.

1. INTRODUCTION
Pumped cementitious grout packs are used in mines to
support the hanging wall, controlling the rate of closure and
to prevent the fall of ground (FoG). The cured cementitious
grout is typically contained in a geotextile bag, which adds
the benefit of stiffening against lateral deformation under
axial load (Skarbövig 2011). Since the 1960s, advances have
been made in the use and design of different types of
supports (Daehnke et al. 2001).

Figure 1. Fall of ground fatalities per million hours worked
(DMR 2010)

The main function of support packs is one of safety, i.e. to
prevent physical injury or fatalities to mine employees in
underground operations. However, as support packs crumble
over time, fine dust is released into the workplace atmosphere.
This paper reports on a pilot study that investigated the fine
dust and crystalline silica that may be released over time
from an occupational hygiene perspective.

2. BACKGROUND
Support packs in the mining industry are used to support the
hanging wall from imminent collapse where the rock and/or
soil have been excavated in mining activities. Mines
generally use explosives to move the rock face while
following the reef. As the mining activities move along with
the reef, the unsupported hanging wall (roof) becomes a
danger to mine employees because of the potential for rock
Original paper presented at the 2017 MVSSA Conference
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Figure 2. A depiction of an improperly supported mine roof
indicating detachment (Mining and Geomorphology, 2017).
These are typically caused by improper support of the
hanging wall as illustrated in Figure 2, an illustration of
typical support in longwall mining.
To mitigate the risk of rock falls, the hanging wall is
supported using support packs. It is believed that because a
support pack can be of dimensions up to 2 m in diameter, it
supports a larger area and offers more support strength (up
to 10,000 kN or 1000 tons) than a typical mine prop or pole
7

in longwall mining with wide tunnels. It is therefore more
appropriate to utilise support packs to support the
hanging wall in such instances. Large unsupported rock
masses require much more support from the mechanism
used, hence the need for cementitious grout packs. Using
support packs enables a mine to maximise the spacing of
support mechanisms in an area in terms of the number of
supports required.
The cementitious grout support pack used in the hard rock
mining industry is a cement-based formulation that creates
support for the heavy hanging wall. The strength of the
cement-based pack depends on the length of the curing
process.
Cementitious grout packs are typically cured for a period of
7 to 28 days. The effect of curing time is illustrated by the
examples of results of compressive strength tests for
different cementitious pack-curing times as set out and
compared in Table 1.
Table 1. Summary of results for different curing times
Company
A
B
A
B
SPM3
SPM4

Curing
Times
7
7
21
21
14
14

Average force
(kN)
2418
3162
2434
3587
7091
6183

Displacement
(mm)
400
400
400
400
400
400

Some mine suppliers have come up with special design
parameters to achieve the required composition for the
desired properties (Batchler 2017) and good value
propositions. For example, Company A uses round
configuration packs while Company B uses square
configurations of different sizes. In surface mining, the
backfill used is a mixture of tailings from excavations mixed
with water. These materials can carry uniformly distributed
compressive loads of up to 3,000 kN (300 tons).
The majority of the backfill materials, which are made up of
quartzite tailings and excavated rock fragments, are readily
available as they are a by-product of mining activities. Most
suppliers add the cement to the backfill to strengthen it and
although cement is expensive compared to mine tailings, it
is generally used to harden the material only and is readily
available (Van Heerden 2007). The downside is that the
risks associated with cement are introduced to mine
employees when it disintegrates and releases dust that may
contain crystalline silica (CS) (Lafarge, 2011).
The geotextile bag in which the cementitious grout packs are
contained is typically a woven plastic bag that may break
open as the pack is slowly compressed by the heavy hanging
wall over time.
This is influenced by the weight of the rock mass supported
by the pack and the spacing of the packs amongst others.
Should the geotextile bag break open, dust particles will be
slowly and consistently released into the environment/
atmosphere in which mine employees work and carried
8

throughout the mine by the mine’s ventilation systems.
The difference in strength of the cement pack and tailings is
how they yield over time. A solid pack of cement will
disintegrate suddenly when its strength is quickly surpassed
i.e. no yielding will be experienced by the pack when impact
loads are experienced, while a softer pack will yield and
disintegrate gradually. Regardless of the manner in which
the different support packs disintegrate under severe loading
conditions, gradual loading over a long time may also lead
to cement based support packs releasing some dust particles
into the atmosphere in which mine employees work.
Cementitious grout support packs that have cured for a
specified number of days are subjected to a standardised test
method to assess the various strength characteristics of
various curing times per pack. The pack is subjected to a
gradually increasing compressive load that simulates the
loading environment until the pack fails completely. The
load and displacement at which failure occurs is reported to
the supplier. Prior to the complete failure, the cementitious
grout support pack will start to crumble or show localised
disintegration.
In the mining environment, the cementitious grout pack
disintegration occurs gradually under increased hanging
wall weight as the wall moves down against the support
pack. The bag will start to deform and tear as the pack
yields under load, the hanging wall will then be supported
by the residual support strength. Dust particles could escape
through the gaps in the geotextile bag and may be spread by
the mine’s ventilation systems. The dust that is released into
the mine’s atmosphere prior to the complete failure of a
cementitious grout pack is the focus of this paper.
In general, it is assumed that bulk material has a particle
size distribution (PSD) that is large enough not to pose a
threat to human health. However, a small fraction of the
material may be fine enough to have the potential of being
inhaled when made airborne and reaching the alveoli of the
lung.
Internationally, producers of minerals are required to label
and classify their mineral products in accordance with the
United Nation’s (UN) Globally Harmonised System (GHS) of
Classification and Labelling of Chemicals. The European
Regulation on the Classification, Labelling and Packaging
(CLP) of substances and mixtures has been aligned to the
GHS. The requirement is that industrial mineral producers
assess the health effects of the fine fraction of Crystalline
Silica (CS) and follow the requirements for classification.
The fine fraction of CS is classified as a STOT RE Category
1, which stands for “specific target organ toxicity repeated
exposure” and “Category 1” refers to silicosis as the hazard.
A mineral mixture that contains more than 1 wt% fine
fraction CS has to have a hazard classification. STOT RE 1 is
for a product with ≥10 wt% fine fraction CS and STOT RE 2
for a product with 1-10 wt% fine fraction CS.
The fine fraction CS is a problem to employees and users of
the products only once the bulk material becomes airborne.
The Metrology Working Group of the Industrial Minerals
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Association in Europe (IMA-EU) has developed the SizeWeighted Potential Respirable Fraction (SWeRF) and SWeRF
crystalline silica (SWeRFcs) methods respectively (IMAEurope 2012). These methods are used to quantify the fine
fraction of CS in a bulk material that has the potential to
enter the gas exchange regions of the lung when the bulk
material becomes airborne. In other words, SWeRF explains
the relationship between the PSD of the bulk material and
the probability of the particles reaching the alveoli according
to the European Standard EN 481 (European Committee For
Standardisation 1993), which describes how the particles
behave when the bulk material is made airborne.
The SWeRF method has been used to establish the potential
respirable fraction of the bulk material for classification and
labelling purposes. This method is only one method that
may be employed as part of a risk assessment and does not
aim to replace conventional exposure measurements (Pensis
et al. 2013).
In the pilot study, the SWeRF method was used to determine
the fine fraction of the bulk cementitious support pack
material (SPM) to establish the fine fraction of CS. This
paper explores possible risks introduced to mine employees
when the cementitious grout support pack disintegrates.

3. OBJECTIVE
The objective of the pilot study was to assess the probable
risk that mine employees may be exposed to respirable
crystalline silica (RCS) contained in SPM.

4. METHODOLOGY
For the purpose of this paper, the focus was on the fine dust
that may be generated as the pack disintegrates. Bulk
samples of the SPM were used in this study:
• SPM1 - block of cementitious grout support pack material
that was crushed to smaller grains in the laboratory (Mine
1);
• SPM2 - dry, milled, bulk product (Mine 2);
• SPM3 - finer material of support pack from Supplier 1
(after mechanical testing); and

summary is provided for the benefit of the reader. There are
two approaches in SWeRF:
• Calculation of the fine fraction from the PSA (i.e.
SWeRFcalc): the PSD from the laser light scattering
method is used in the formula provided. The SWeRFcalc
method is useful when a bulk material has a uniform
composition.
D= ∞

SWeRF = ∫

P(D) x R(D) dD

(1)

D=0

where P(D) = particle size distribution for aerodynamic
diameter D; R(D) = probability that particles of
aerodynamic diameter D may reach the gas exchange
region, according to EN 481; and D = aerodynamic
diameter = d x √(SG), where SG is the specific gravity.
•The SWeRF sedimentation method (SWeRFsed): a known
amount of the bulk material was suspended in a liquid
medium (e.g. water), thoroughly mixed and then allowed
to settle. The larger, heavier particles settled much faster
than the fine fraction of the material. After a pre-determined time, the suspension that contains the fine fraction
was extracted, dried and weighed. The percentage of fine
fraction in the bulk material was determined by weighing
the dried suspension that contained the fine fraction. The
CS concentration was determined using qualitative XRD.
H
m
SWeRF (%) = — X — X 100
h
M

(2)

where H = height of the total column of fluid that is used
for sedimentation; h = height to which the suspended fine
fraction is extracted at the calculated time; M = total mass
that was dispersed; and m = mass of the residue in the
extracted supernatant.
The SWeRFsed method is useful when a bulk material does
not have a homogenous composition or when the CS has a
greater density than the rest of the material; i.e. when the
bulk material is made airborne, the distribution of dust will
not be homogenous.

5. RESULTS AND DISCUSSION
5.1. Qualitative XRD analysis

• SPM4 - finer material of support pack from Supplier 2
(after mechanical testing).

The estimated crystalline silica (CS) percentages of the bulk
materials are summarised in Table 2.

Some of the material was supplied in lumps and was
manually crushed with a hammer into workable grains.

Table 2. Estimated crystalline silica concentration (%) in the
bulk material

Qualitative X-Ray Diffraction (XRD) was used to determine
the CS percentage in the bulk samples. The samples were
sieved through a 1 mm screen and analysed as is and no
sample preparation was carried out that could affect the
composition of the sample or the PSD.

Sample
CS wt%
SPM1
± 3.0
SPM2
± 3.2
SPM3
± 2.1
SPM4
± 1.2
The percentages of silica in the bulk material are equal to
and below 3.2%.

Particle Size Analysis (PSA) using laser light scattering was
carried out on the bulk and the fine fraction samples to
determine the PSD.
The SWeRF method developed by IMA-EU (Pensis et al.
2013) contains the details of the method and only a brief
Journal of the Mine Ventilation Society of South Africa, April/June 2019

5.2. Particle Size Analysis (PSA) of the bulk material
A summary of the PSD is provided in Table 3. The D50 is the
9

median particle size; D10 is the particle size (in micron)
where 10% of the sample has a size distribution that is
smaller than the D10 size [for example, for SPM1, 10% of
the PSD is smaller than 9.4 micron] and D90 is where 90%
of the sample has a size distribution that is smaller than the
D90 size. PM10 is the estimated percentage of the sample
with a particle size of below 10 micron.

The calculated SWeRF compared well with the
sedimentation SWeRF for SPM1 and SPM4. However, a
significant difference is found between the SWeRFcalc and
the SWeRFsed results for SPM2 and SPM3, which could be
as a result of the CS having a higher density than the rest of
the material or that the sample is not homogenous (Pensis et
al. 2013).

For SPM1 and SPM2 a substantial fraction of the bulk
material is made up of particles of below 10µm; the PM10
concentrations are 11.9% and 27.6% respectively.

5.5. Particle Size Analysis (PSA) of the fine fraction

Table 3. Particle size distribution of the bulk material
Sample

D10
(µm)Q

D50
(µm)

D90
(µm)

PM10 (%)

SPM1

9.4

28.3

98.8

11.9

SPM2

6.0

15.6

57.7

27.6

SPM3

11.7

31.0

114.4

SPM4
42.9
102.1
5.3.
SWeRF by13.1
calculation (SWeRFcalc)

Table 6. Particle size distribution of the SWeRFsed material
Sample

D10
(µm)

D50
(µm)

D90
(µm)

PM10(%)

6.5

SPM1

0.6

1.4

5.0

93.3

5.7

SPM2

1.2

2.1

34.0

80.6

SPM3

0.2

3.5

9.5

91.5

SPM4

0.3

5.0

10.5

88.9

The SWeRF formula (1) was used to calculate the fine
fraction from the PSD and the results are summarised in
Table 4.
Table 4. SWeRF by calculation using particle size distribution
Sample

Density
(g/cm3)

SWeRFcalc
Wt%

SPM1

2.39

0.3

SPM2

2.21

2.5

SPM3

2.80

0.1

SPM4

3.10

0.2

According to the SWeRF calculation, only one sample,
SPM2, has a fine fraction (at 2.5%) that may be of concern
according to the EN481 definition. The other SPM samples
have fine fractions of below 1 wt%.
5.4. SWeRF by sedimentation (SWeRFsed)
If the sample is homogenous, the sedimentation SWeRF
should give similar results to the calculated SWeRF. Table 5
summarises the fine fraction that was measured using the
SWeRFsed method. The estimated CS concentration in the
SWeRF sample (i.e. SWeRFcs) was determined using XRD.
Table 5. Estimated crystalline silica concentration in the fine
fraction as measured by the SWeRFsed method
Sample
SWeRFsed
SWeRFcs
Wt%
Wt%
SPM1
0.5
6.1
SPM2
0.2
2.5
SPM3
1.3
41.9
SPM4
0.3
14.0
The SWeRFsed method shows that between 0.2% and 1.3%
of the bulk material consists of fine particles. More
importantly, the fine fraction that was isolated using the
SWeRFsed method contains between 6.1% and 41.9% CS.
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PSA was carried out to determine if the fine fraction that
was isolated using the SWeRFsed method was within the
respirable range. Table 6 summarises the PSD of the
SWeRFsed material.

The PSA confirms that the SWeRFsed fraction had a median
size range of below 5µm. Although 80.6% of SPM2 was
below 10 micron, there was still a small portion of the
sample with a size distribution above 10µm (D90 of 34µm) the sample may have required a longer sedimentation time
owing to the nature of the particles.

6. CONCLUSION
Four SPM samples were assessed to determine the amount
of CS that occurs in the fine fraction of the bulk material.
The bulk material contained a small fraction of fine particles
(< 2.5%) that, when made airborne, had a 97.3%
probability of entering the gas exchange regions of the lungs
of mine employees (in the absence of personal protective
equipment), according to the EN 481 definition.
The bulk material as submitted contained CS percentages of
below 3.2%. However, the fine fraction that was isolated
using the SWeRFsed method contained CS concentrations of
between 2.5% and 41.9%. If the bulk material was to be
classified in accordance with the GHS, then all the bulk
samples would have to have a hazard classification because
the CS concentration in the fine fraction is more than
1 wt%.
It should be noted that the time period before these packs
start disintegrating, causing dust to become airborne,
depends on factors such as the quality of the pack and the
conditions that the pack is subjected to. The slow release of
dust over time will be investigated further by the CSIR.
This pilot study illustrates the need to investigate the
material that is used in cementitious grout support packs. A
thorough risk assessment is required from a workplace
exposure perspective, especially since waste material
combined with cement may be a preferred choice for the
majority of support pack manufacturers.
Journal of the Mine Ventilation Society of South Africa, April/June 2019

7. RECOMMENDATIONS AND WAY FORWARD
The SWeRF method has proven useful in the isolation of the
fine fraction in bulk material from the mining industry. This
method may be applied to other types of bulk material, such
as material from waste dumps, tailings and processing, and
for the general characterisation of ore.
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A descriptive study to determine the prevalence of
obstructive airway disease amongst load haul drivers
(LHDs) in trackless mines
AP Modau, N Claassen and B Girdler Brown
University of Pretoria, South Africa

ABSTRACT
During day to day mining activities, miners are exposed to
different airborne pollutants, which may result in
occupational lung diseases (OLDs). The aim of the study
was to determining the prevalence and relationship of
selected epidemiological determinants on the status of
obstructive airway disease in LHD drivers. The study
population was divided into day shift and night shift, a
questionnaire was used to obtain information on demographics; self-reported social and health history, including
respiratory symptoms. Spirometry was performed to
determine the Forced Vital Lung Capacity (FVC) and Forced
Expiratory Volume 1 sec (FEV1). Employees on night shift
had a significantly higher prevalence of obstructive airway
disease patterns (32.6%) compared to the day shift prevalence (12.5%) at a p-value of 0.009. It was therefore concluded that night shift LHD drivers are at higher risk of
developing obstructive airway disease when exposed to
diesel particulate matter as compared to day shift workers.

1. INTRODUCTION
Occupational injuries and ill-health have huge social and
economic implications for individuals, their families and
their communities.[1] This is because employees become
medically incapacitated and can no longer provide for their
families because of ill health and the costs it involves.
Exposure to respirable mineral dust has been linked to
respiratory disease in the mining industry.[2,3,4] In addition,
exposure to diesel particulate matter (DPM) due to trackless
diesel powered machines, may add to the toxicological
burden on the lungs of the LHD operators. It may therefore
be necessary to include DPM as a variable responsible for
respiratory diseases currently reported in the mining
industry.
Between1973 to 1993 (20 years) the Medical Bureau for
Occupational Disease certified 128 575 cases of occupational
lung disease.[1] Hermanus[1] indicated that cases may be
under estimated, since the majority of black workers
exposed to respirable dust, were not previously entitled to
the benefit of examination.

2. BACKGROUND
2.1. Chronic obstruction pulmonary disease
Chronic obstructive pulmonary disease (COPD) is
Original paper presented at the 2016 MVSSA Conference
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characterised by the gradual progression of irreversible airflow obstruction and increased inflammation in the airways
and lung parenchyma, that is generally distinguishable from
the inflammation caused by asthma.[5] Patients with COPD
present with a variety of clinical findings, including elements
of chronic bronchitis and emphysema.[6]
The cells that are associated with COPD are alveolar
macrophages, neutrophils, and cytotoxic CD8+ effector T
lymphocytes. These cells progressively infiltrate the
parenchyma. This causes mucus production, destruction or
pathology of the extracellular matrix in the alveolar walls
and lung tissues, leading to emphysema.[7] Diagnosis of
COPD can be done using airflow limitation and is best
measured by spirometry, before and after bronchodilation
(to exclude asthma). This is the most widely available
reproducible test of lung function.[5]
2.2. Risk factors
The primary cause of COPD is often considered to be smoking.[8] Studies have indicated that about 94% cases in the
United States occurred amongst current or former smokers.[5]
These have consistently shown that smoking is associated
with diminished lung function, more frequent respiratory
symptoms and increased COPD-related deaths.
Lee and Fry[9] also indicated that in people who continue
smoking there is an average rate of decline in FEV1 that is
substantially greater than that of people who have never
smoked. On the other hand, studies have indicated that
exposure to dusts and other irritants may also cause chronic
obstructive lung disease, which has subsequently been called
COPD.
Miners may develop various occupationally-related respiratory diseases including COPD, depending on the type of
materials and level of exposure. In particular, COPD is
known to be a feature of silicosis cases.[2,3,4]
2.3. Diesel particulate matter
The LHD are not only exposed to air borne dust during
loading, they are also extensively exposed to diesel
particulate matter (DPM) due to the utilisation of diesel
powered machines in the underground mining environment.
Diesel particulate matter is defined as a sub-micron (<1.0
micron) physical aerosol component of diesel exhaust, which
is made up of solid carbon particles. It is composed of
vapours, gases and fine particles.[10]
It is suspected that DPM is a risk factor towards occupational
asthma, because it is an irritant which can induce
inflammation. However, a study by Adewole et al. has
indicated that exposure to DPMs at 200µg/m3 can cause
sputum neutrophilia, without changes in forced expiratory
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volume in 1 second (FEV1).[11] Furthermore, there has not
been an identified link between DPM exposure and chronic
obstructive airway disease (COAD).
2.4. Composition of diesel particulate matter
Diesel exhaust can be composed of two phases,the risk of
COPD.[12] The gaseous phase consists largely of the same
gases found in air, nitrogen, oxygen, carbon dioxide.[13,14] It
also contains hazardous air pollutants, such as acetaldehyde,
acrolein, benzene, 1,3-butadiene, formaldehyde and
polycyclic aromatic hydrocarbons.
Diesel particles are classified according to size or
composition. Those of greatest health concern fall into the
categories of, fine and ultrafine particles. Fine and ultrafine
particles may be composed of elemental carbon, with
adsorbed compounds such as organic compounds, sulfate,
nitrate, metals and other trace elements.[14] The solid
particulate fraction comprises of very small particles
(typically 15-30nm diameter) that rapidly agglomerate to
form “chains” or clumps , which are typically <1µm
aerodynamic size.[13, 14]
2.5. Respirable dust
Respirable dust is defined as particles which are less than 10
micrometers in diameter and cannot be seen with the naked
eye.
Information available on exposure to airborne health
hazards suggest that, depending on the commodity under
consideration, between 9% and 50% of exposed workers
(about half of the workforce), are overexposed to airborne
pollutants.[2] Airborne respirable dust that is inhaled by
miners can be deposited in the lungs and cause damage to
the lung tissue.
A number of studies have been conducted on COPD and
silica dust exposure in the mining sector and platinum
refinery plants. Previous epidemiological studies have shown
that silica dust exposure can lead to airflow obstruction in
the absence of radiological signs of silicosis.[17]
Literature on the direct health effects associated with raw
platinum ore, are however limited. The silica quartz content
of platinum ore is often low. Exposure measured in South
African platinum mines have indicated that operators are
exposed to low levels of respirable crystalline silica.[4,8]
2.6. Health effects
- In terms of health outcomes, the very small particle size of
DPM is important, as it can reach the deep parts of the
lungs. Particulate overload, rather than chemical
composition, is thought to be the major mechanism leading
to toxic effects.[14] Particle size is directly related to potential
for causing health problems.
Particles >2.5 micrometers in diameter can be inhaled
deeper into the lungs. Scientific studies have linked exposure
to high concentrations of some types of particulate matter
with a variety of problems, including.[18] irregular heartbeat;
aggravated asthma; decreased lung function; decreased lung
function; increased respiratory symptoms, such as irritation
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of the airways, coughing or difficulty breathing, nonfatal
heart attacks and premature death in people with heart or
lung disease. There is considerable evidence that diesel
exhaust is a possible carcinogen. Human epidemiological
studies have demonstrated an association between diesel
exhaust exposure and increased lung cancer rates in
occupational settings.[19]
2.7. Gold scores
Spirometry is used for diagnosing and monitoring the
progression of COPD.[5] The American Thoracic Society has
developed GOLD (Global Initiative for Obstructive Lung
Disease) scores for COPD, in order to classify the severity of
non-reversible airflow obstruction. When measuring
spirometry, sex, age, height, and population group is taken
into consideration in order to compare the FEV1 and FVC
with the reference or predicted values of a healthy person of
the same demographic group. The symptoms related to
COPD are recorded in order to classify the disease status.
These include cough-ing, increased sputum production and
dyspnea.[12,13] A list of symptoms is attached as addendum A.
This was used to collect information from interviewed
subjects, before they proceeded to spirometry testing. In
addition, Table 1 below shows clinical features used to
differentiate between COPD and asthma[12] in the subjects
tested.
Table 1: Clinical features useful in differentiating COPD from
asthma.[12]
Clinical
feature
Age
Cough
Smoking
Dyspnea
Nocturnal
symptoms
Family history
Atopy
Diurnal variation
in symptoms

COPD

Asthma

Older than 35 years
Persistent, productive

Any age
Intermittent, usually
non-productive
Variable
Variable
Coughing, wheezing

Typical
Progressive, persistent
Breathlessness,
late in disease
Less common
Less common

More common
More common

Table 2 shows the spirometry GOLD classification.[7]
2.8. Gold staging
Predicted values for FVC and FEV1 are calculated from
equations based on age, height, gender and ethnic group,
because these are the most important determinants of lung
and airway size in healthy individuals.[13,14,20]
These values were derived from scientific studies of
Caucasians, such as the European Community for Steel and
Coal (ECSC).
Louw[20] studied the South African male population, which
indicated differences in lung size between African black and
white males. Black males had smaller lungs than white
males of the same height and age, due to the limb length to
chest ratio. As a result; the predicted values for black males
must be adjusted with a specific factor, in order to obtain
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Table 2: Spirometric GOLD classification of COPD severity
based on post-bronchodilator FEV1[7]
Stage

Description

0

At risk

I

Mild

II

Moderate

III

Severe

IV

Very severe

Predicted values (based on
post-bronchodilator FEV1)
Risk factors and chronic symptoms but normal
spirometry
FEV1/FVC ratio less than 70 percent
FEV1 at least 80 percent of predicted value
May have symptoms
FEV1/FVC ratio less than 70 percent
FEV1 50 percent to less than 80 percent of
pre-dicted value
May have chronic symptoms
FEV1/FVC ratio less than 70 percent
FEV1 30 percent to less than 50 percent of
predicted value
May have chronic symptoms
FEV1/FVC ratio less than 70 percent
FEV1 less than 30 percent of predicted value
or
FEV1 less than 50 percent of predicted value
plus severe chronic symptoms

normal spirometry results. The South African Thoracic
Society standards of the spirometry committee, use a factor
of 0.9, which is substituted in equations to get corrected reference values.[20] The COPD staging is categorised from stage
0 (for at risk individuals) through to stage IV (individuals at
a severe stage), However for the at risk population, GOLD[15]
indicates that there are no conclusive studies that govern
stage 1, therefore it is normally omitted when listing the
GOLD staging.

3. AIM AND OBJECTIVE
The aim of this study was to determine the prevalence of
Obstructive Airway Disease (OAD) among LHD drivers
occupationally exposed to mineral dusts and diesel
particulate matter in trackless mines and the objective were
to determine how selected epidemiological determinants
affected the status of OAD in LHD working on day or night
shifts.
3.1. Research question
Is there a difference in the prevalence of obstructive airway
disease when spirometry results of night shift and day shift
load haul dump drivers in trackless mining are compared?

4. METHODOLOGY
4.1. Study Design
A descriptive cross-sectional design approach was used for
the study. Study participants were LHD drivers working
underground in a Platinum trackless mine in Mpumalanga
Province, South Africa. The job occupation requires loading
and tipping of underground ore to different tipping points
after blasting. All participants were exposed to diesel fumes,
dust and traces of blasting fumes (night shift only).
The participants were divided into two groups, night shift
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and day shift. Only participants contracted to work
permanently on day- and night shift schedules were selected
to take part in the study. The unique number was used in
the final data set to ensure confidentiality.
4.2. Study Participants (inclusion and exclusion)
The inclusion criteria for the study was based on the ground
that the participants must have been exposed to hazards of
interest and have been an LHD driver for a minimum of 3
years. Female participants were also excluded from the study
due to the small representative number. A total number of
90 LHD participated in the study. Of the 90 participants
three were female. Of the remainder, 40 employees were
working on a continuous day shift and 47 were working on
a continuous night shift schedule.
4.3. Measurements: Methodology and Study
Questionnaire
A step by step process was followed when taking
measurements:
• Each participant underwent a spirometry test to determine
the FVC and FEV1 after they completed a demographic,
social and symptoms information
• The body weights of participants were measured with
subjects wearing light clothing and barefoot on a weighing
scale. The standing height was measured without shoes
with the participant's back to a vertical backboard.
• Spirometry was conducted to determine the Forced Vital
Lung Capacity (FVC) and the Forced Expiratory Volume 1
second (FEV1): A broncho dilator was administered to
employees who had an FEV1/FVC of <70% prior to a
second spirometry measurement. The bronchodilator used
was Combivent (0.5mg ipratropium bromide anhydrous,
2.5mg salbutamol base, and 0.52mg ipratroniumbromide).
This was done to rule out reversible obstructed lung cases.
• For subjects with FEV1 of less than 70%, a second
spirometry was performed after a week with the
administration of a bronchodilator.
• An AME Spirometer was used to measure air flow in the
lungs. Lee and Fry[4] described FEV1 as a marker of
chronic obstructive lung disease.
The following variables were controlled to ensure the quality of
the results:
• Participants were coached on how to perform a
spirometer, prior the tests.
• The participants were asked to blow the spirometer three
times, to produce reproducible results. The results which
were found to be not reproducible were discarded and the
participant was only allowed to continue blowing the
spirometry with a limit of 8 attempts, more than 8
attempts was not accepted.[20,21]
• The highest measurement of the set only was used.
Factors that could influence the spirometry tests such as
coughing, hesitation, obstruction of mouth piece and leaking
around the mouth piece, were monitored by the technician
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and the researcher during measurement to ensure quality
results.

3), 90 participated in the study (Table 3). Eighty seven
(n=87) participants were males and three were female.

4.4. Statistical analysis

Forty (n=40) employees worked on a fixed day shift and the
remainder, n=50 worked on a fixed night shift according to
organisational structure that does not permit any rotation
between day and night shift crews. In summary, 80% of day
shift participant’s workforce participated in the study, whilst
83% night shift workforce participated in the study.

Collected data was entered twice into an Excel spreadsheet,
to ensure correct data entry.
The data cleaning process involved two people, the
researcher and the nurse; questionnaire data was entered
manually for the second time, to ensure that information on
the hard copy was captured correctly. Data was then
exported to Stata 12 for analysis, [StataCorp.2011.Stata
Statistical Software: Release 12. College Station, TX:
StataCorp LP].

5. RESULTS
5.1. Study population
Out of 110 LHD drivers at the selected Platinum mine (Table
Table 3: Summary data of participants.*
Variable
Day Shift Night Shift Total
Number of female LHD drivers
5
8
13
Number of males LDH drivers
45
52
97
Total Number of LHD drivers
50
60
110
Number participated in the study females 0
3
3
Number participated in the study males
40
47
87
Total Number participated in the study
40
50
90
*Footnote:
40/50(80%) of day shift employees participated in the study
80% of the day shift responses were male employees
47/60(83%) of night shift employees participated in the study
78.3% of the night shift responses were male employees and 5%
female employees
Female employees were excluded from statistical analysis due to small
number (3 participants)

5.2. Discussion of Results
Overall 20 of the 86 workers examined showed obstructive
lung patterns. The proportion was higher in night shift
workers than in day shift workers, Of the 15 night shift
workers with obstructive lung patterns, four showed
non-reversible obstructed lung patterns. A significantly
higher number of workers on night shift were currently
coughing or had been coughing for > 3 months in
comparison with day shift workers. Both univariate and
multivariate analysis indicated that night shift workers were
about 3X more likely to have a FEV1:FVC < 0.70 when
spirometry was performed without a broncho-dilator.
Univariate regression tests showed that the risk of
developing OAD were 3 times higher in night shift
employees than the day shift employees.
The reason why night shift employees showed higher
prevalence of lung decrements and/or acute respiratory
symptoms needs to be explored in more detail. A possible
reason is that employees may be frequently exposed to DPM
that is classified as an irritant. There is evidence that chronic
exposure to DPM for a longer period can result in severe
respiratory effects in humans.[37] Other reason for higher
exposure could be as a result of loading activity with diesel
powered machines for night shift employees. Exposure to
traces of blasting fumes during the night shift, due to poor
ventilation and longer re-entry times, may be an additional

Table 4: Workplace observations recorded during the study.*
Day Shift

Night Shift

Ventilation design quantity per one LHD loading = 9m3/s using 0.12
m3/s per kW (m3/s/kW)

Ventilation design quantity per one LHD loading = 9m3/s using 0.12
m3/s per kW (m3/s/kW)

Mainly drilling & blasting

Mainly loading and hauling

1-2 LHDs loading in a section

4-6 LHDs loading in a section

Proper watering down before the start of shift when preparing to drill

Airborne dust suspension is generated in the atmosphere after blasting.
No watering down before loading starts

No traces of blasting gases and vapours

Possible traces of blasting gases and vapours

Effective supervision. Appointed shift supervisors for each section
during the morning shift. Appointed mine captains for day shift

Poor supervision. Shift supervisor appointed for more than one section
at night where it is difficult to monitor all working places. No mine
captains during night shift

Proper early entry workplace examination. All hazards are
identified and fixed before work can take place. The declaration book is
countersigned by the section supervisor. Planned task observations are
conducted before work takes place

Poor entry workplace examination. Due to shortage of supervision
declaration book is not completed, and planned task observation are not
conducted

One pair of dust mask adequate fo the shift

One pair of dust mask become clogged with fumes during the shift One
pair not enough

*Note: The LHD does not have an enclosed cabin to prevent the employee from being exposed. The ventilation design parameters are the
same during the different shifts, which means that the available quantity of air remains the same regardless of the risk of exposure during
loading period.
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Table 5: Demographic characteristics, smoking history and
lung functions of the day and night shifts participants
respectively.#
Day shift
Night shift
(µ = 40)

(µ = 47)

Age (years) Median (IQR)

35.0
(31.6-41.4)

36.4
(31.6-44.8)

Body mass (kg) Median (IQR)

67.8
(61.2-84.7)

70.4
(61.9-82.3)

Height (cm) Mean (SD)

171.78
(6.12)

171.85
(6.24)

Cigarettes smoked per day Median (IQR)

4.0
(3.5-6.0)*

3.5
(2.8-5.8)**

Years smoking Mean (SD)

14.38
(10.32)*

5.0
(3.0-9.3)**

Years smoking Mean; (SD) Median (IQR)
Years working current job Median (IQR)

5.0
(3.0-9.3)**
5.0
(3.0-9.5)

5.0
(3.0-7.0)

Baseline FVC (L) Mean (SD)

4.14 (0.58)

4.07 (0.59)

Baseline FEV1 (L) Mean (SD)

3.39 (0.59)

3.35 (0.48)

Baseline FEV1:FVC Mean (SD)

0.82 (0.10)

Baseline FEV1:FVC Median (IQR)

0.83
(0.8-0.9)

Current FVC (L) Mean (SD)

4.08 (0.75)

3.79 (0.62)

Current FEV1 (L) Mean (SD)

3.29 (0.65)

2.89 (0.62)

Current FEV:FVC Mean (SD)005A

0.81
(0.08)

Current FEV:FVC Median (IQR)

0.77
(0.7-0.8)

*µ= 13
**µ = 18

#Note: Degree of accuracy
The following variables were rounded off:
Total years spent as LHD driver was rounded to a whole
number, i.e: 1.2 years of exposure was rounded off to 1 year
and 1.5 years of exposure was rounded off to 2 years. The
information was captured as either median (IQ) or mean
(SD) depending on the data spread with the first referring to
non-symmetrical data and the second referring to
symmetrical data spread
environmental variable that may have contributed towards
the higher prevalence of respiratory symptoms observed in
the night shift employees.
The difference in the lung function decline for the day shift
and night shift is indicative that night shift employees may
be significantly more affected by workplace hazard exposure
than the day shift employees. An in-depth studies on LHD
drivers is required in mining industry to link the workplace
hazards, exposure and health outcomes, this will ensure
improvement within the occupational hygiene discipline.
Generally; night shift employees are neglected or excluded,
in terms of risk assessment.
Their risk profile is therefore not representative, since their
risks are ranked according to the information collected
during the day shift. Again it must also be noted that there
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was no personal or area monitoring done in the working
places during this study. This warrants more detailed studies
in order to link the actual workplace hazards and the health
effects, in order to further validate the outcome of this study
and to add more value to the occupational health and
hygiene field within the mining industry.
It is very important to note that the acute symptoms were
self-reported which could have resulted in some bias. The
sputum was not analysed for further investigation. This
requires further quantitative investigations to determine if
the volume and content of sputum are different between the
day and night shift. In addition, current literature indicates
that chronic bronchitis is characterised by constant coughing
with sputum production and it is a factor for determining
obstructed lung pattern.[8]
The mining industry adopted an air volume dilution factor
of 0.12 m3/s per kW (m3/s/kW) in order to determine
adequate ventilation requirements.
This factor is used during the planning of mine design to
determine the number of load haul dumps required to load
in a single section. If the number of planned LHDs are
exceeded, which occurs during the night shift loading, there
may be an accumulation of excess diesel fumes and dust
particles in the working section. This may therefore increase
the risk of occupational respiratory disease in the night shift
LHD operators.
The reversibility of obstructive lung patterns, was tested by
the administration of a bronchodilator to the participants. A
bronchodilator plays an important role in the
pharmacological treatment of obstructive airway disease,
because it physiologically reverses airflow obstruction by
relaxing smooth muscle in the airways and improving lung
emptying during tidal breathing.[25] After the post bronchodilation was conducted; the day shift employees still showed
an obstructed lung pattern and a significant higher amount
of night shift employees presented an obstructed lung
pattern (Table 6). On average the night shift employees
presented non-reversibility on the lung function after the use
of a bronchodilator.
This clearly shows that the night shift employees are at a
higher risk for OAD.
The regression analysis showed that the participants from
the night shift had more than 3 times the odds of an
Table 6: Ratios of FEV1:FVC for participants with nonreversible* obstruction spirometry patterns
Before broncho-dilation

After broncho-dilation

0.56

0.69

0.61

0.69

0.64

0.61

0.66

0.69

0.68

0.63

*Non-reversible spirometry pattern is defined for this study as
having a Ratio <0.70 that does not improve to more than
0.70 following broncho-dilation
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Table 7: Logistic regression results with FEV1:FVC <0.75 as the effect variable (n = 87). (Spirometry was performed without
broncho-dilation)
Univariate regression
Effect = FEV1:FVC ratio <0.75

OR

Exposure variable:

95%CI

Multivariate regression
pvalue*

LL

UL

OR

95%CI

pvalue†

LL

UL

Shift (1 = night; 0 = day)

2.93

1.07

8.00

0.030

3.30

1.08

10.04

0.036

Age (years)

1.09

1.03

1.16

0.004

1.11

1.03

1.21

0.009

Smoke (1 = yes; 0 = no)

1.47

0.53

4.10

0.460

2.26

0.68

7.45

0.182

Years present job (years)

1.06

0.95

1.18

0.338

0.98

0.84

1.14

0.780

Ever had TB (1 = yes; 0 = no)

0.99

0.33

2.93

0.985

0.53

0.15

1.85

0.323

OR = Odds Ratio; CI = Confidence Interval; p-value =chi square p-value (*) or z-test p-value (†); LL/UL = lower/upper limit.
The continuous variables Age and Years present job were both linear in their relationships with the logit (Box-Tidwell test):
Age*ln(Age) p-value = 0.102; Years present job*ln(Years present job) p-value = 0.218; Both values >0.05.
The area under the receiver operating characteristic (ROC) curve = 0.76.
The p-values for the Hosmer-Lemeshow goodness of fit test were 0.636 (8 groups) 0.464 (10 groups) and 0.852 (12 groups).
obstructive airways pattern on spirometry (after comparison
to those in the day shift). This odds ratio remained over 3
after disaggregation into the type of obstruction (reversible
or not) and also after adjustment for possible confounding
factors such as age and smoking. This odds ratio increased
to over 6 for the outcome reversible obstruction. The outcome for non-reversible obstruction was not modelled due
to the small number of participants (four in the night shift
and one in the day shift) who were positive for nonreversible airways obstruction on spirometry. The post
regression tests show that the models are predicting the
observed outcomes quite accurately and that gives
confidence in the final results.
The diagnosis of obstructive airway disease relies on reliable
diagnosis, occupational exposure and chronological
relationship between exposure and outcome.[18] The variables
of interest when measuring the lung function for FVC and
FEV1 are calculated from equations based on age, height,
gender and ethnic group because these characteristics are
the most important determinants of lung and airway size in
healthy individuals.[13,14,15]
For this study the AME spirometer was used, which is used
by the mine clinic to measure and manage spirometry
results during entry, periodical and exit medicals.
For the purpose of the study AME Spirometry was used,
however, with the AME spirometry we could not get
information on the mathematical modelling they use for
adjusting for the black ethnic males, as has been suggested
by Louw. [20] It was therefore not confirmed whether the
obtained results were corrected; if the results were not
corrected for ethnicity, this could have affected the reliability
of the measured results. Although only black males were
used, it may be regarded as a limitation in this study.

6. CONCLUSION AND RECOMMENDATIONS
In conclusion, night shift LHD drivers presented a marked
reduction on the lung function as well as acute and chronic
respiratory symptoms. Night shift LHD drivers may therefore
be at risk of developing obstructive airway disease due to
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higher concentrations of diesel particulate matter, mineral
dusts and other airborne pollutants. The increased risk may
be attributed to diesel particulate matter (from loading) and
traces of blasting fumes.
Occupational hygiene systems should incorporate the
measurements of airborne pollutants during the night shift;
taking into consideration the ventilation design and
minimum air quantity requirements as well as Personal
Protective Equipment (PPE), which is a last resort control
measure. In addition, although PPE is the last resort in terms
of protecting the employees, in cases where it is used as a
control a proper risk assessment must be conducted to
determine if the PPE is appropriate for the job. One would
ask a question to say:
Is a dust mask proper PPE to prevent exposure to diesel
exhaust fumes? These questions must be answered in order
to better manage personal total exposure. Based on
observations, the following improvements are
recommended:
• Medical surveillance must be of good quality and yield
reliable results.
• Occupational hygiene measurements of airborne
pollutants need to be conducted during night shift to
accurately quantify the risk at night.
• Ensure proper management of risk based medical
surveillance for LHD drivers is in place.
• Ensure lung function technicians apply proper control
measures during the assessment of lung function so that
real cases are not missed.
• Ensure that the type of a spirometry used to measure lung
function incorporate the corrective factor such as
individual’s height, gender and ethnic group for correct
predictive values of FEV1 and FVC.
• Disciplinary measures to be taken into considerations
especially with the compliance to the ventilation design
requirements.
• Optimisation of energy resources through active control
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and predictive simulation modelling for ventilation to
establishing a safe, healthy and productive working
environment in mechanised underground mines.
• Conduct the studies to cover all different seasons and also
in different types of mining such as board and pillar,
hybrid mining and conventional mining.
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ABSTRACT
Exposure to fugitive gasses and aerosols within a refinery
process can contribute to the total burden of disease
affecting the overall wellbeing of employees. It has also been
realised that some Occupational Exposures Limits (OELs) are
not health protecting as continuous research within the
chemical sector becomes available with the subsequent
reduction of OELs up to 20-fold from the initial stated value.
General practice for airborne pollutant ventilation engineering controls in this type of industrial application is to
capture the largest amount of airborne pollutants at the
source using local exhaust ventilation [LEV or draught]
systems and use general ventilation systems to dilute airborne pollutants not captured by the LEV system.
The focus of this paper is the audit and critical review of an
existing general ventilation system within a chemical process
plant to determine if the general ventilation system can be
modified to achieve the required reduction in OEL. This
paper discusses the process followed and the results
obtained.

1. INTRODUCTION
Exposure to Chloroplatinate salts is a well-known respiratory
sensitising agent leading to work-related sensitisation and
allergies [Heederik, Jacobs, et al] within a refinery process.
The South African occupational exposure limit for
Chloroplatinates [Pt Sol] is 2000 ng/m3 over an 8-hour time
weight average [8-TWA]. Recent research and exposure
modelling indicates that the current OEL is not health
protecting and refinery processes must aspire to adopt the
aspirational target of a 100 ng/m3 8-TWA. Adhering to this
target necessitates refineries to have a closer look at
enhancing the ventilation engineering controls effectiveness.
General practice for airborne pollutant engineering
ventilation controls in this type of industrial application is to
capture the largest amount of airborne pollutants at the
source of generation by means of an LEV or draught system.
Pollutants released into the general air space due to
inefficiencies in capturing at the source will be diluted to
acceptable levels by the general ventilation systems.
The first step to cost effectively determine if the current
ventilation engineering control system can achieve the new
Original paper presented at the 2017 MVSSA Conference
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OEL is to assess if the general ventilation system can be
adjusted or improved to reduce exposures. If this cannot be
achieved alternative strategies need to be investigated. This
study will focus on the general ventilation system.

2. BACKGROUND
The general ventilation system under consideration for the
refinery consists of general air distribution delivery ducts in
the centre of the refinery space with exhaust ducts situated
on the sides. The general ventilation air is discharged into
the refinery space via grilles installed in the distribution
ducting.

3. OBJECTIVE OF EVALUATION
The aim of the study is to identify general ventilation system
components or areas where improvements or changes can
be introduced, to obtain a reduction in personal exposure
levels to meet new international standards in OELs.

4. STRATEGY FOR EVALUATION
The following determinants of the general ventilation system
for a refinery process space are evaluated:
• The system condition and ability to perform as per design
intention.
• Evaluation of system effectiveness using computational
fluid dynamic [CFD]
• Improvements required to obtain a general ventilation
system that will able to achieve the air conditions
conforming to the international standards for
Chloroplatinates.
4.1 System audit
A full system audit is conducted by evaluating general ventilation system equipment condition and airflow quantities at
strategic positions in the system and refinery space. Results
are compared with the system design to determine if the
performance of the system is as per the design.
4.2 System effectiveness evaluation
The results from the system audit are used as basis to
construct a CFD model of the general airflow in the plant
area under investigation. The model is used to evaluate the
system air change effectiveness by considering airflow
distribution. The model can also be used to predict the
performance of recommended system improvements.
4.3 Assessment of required improvements
Static area concentration samples are monitored at
Journal of the Mine Ventilation Society of South Africa, April/June 2019

predefined positions within the breathing zone [1.5 m from
the finished floor level] in the refinery plant at
predetermined points as indicated in Figure 1.

Figure 2: Distribution ducting balancing
Figure 1: Static sampling points in the refinery plant

5.2 Evaluation of system effectiveness

Static area concentration sampling is used to calibrate the
CFD model and estimate the increase in dilution rate
required to reduce the exposure to within the new OEL.

5.2.1 CFD simulations

5. RESULTS

The measured airflow values are set as boundary conditions
to the model. For each area, two scenarios are simulated:

5.1 General ventilation system audit findings
The audit of the general ventilation system includes
measuring airflow quantities and pressure of the system
main fans and distribution ducting. Results indicated in
Table 1 show that the system volume flow is generally
marginally less than the design intent.
Table 1: General ventilation system audit results
System element

Airflow
quantity
[m3/s]

Deviation
from design intend
[%]

Main extraction fan

218

-3.3

Main supply fan

188

-8.9

Extract distribution ducting

224

-0.1*

Supply distribution ducting

153

-33.9*

*System leakage included in deviation.
The large deviation on the supply distribution ducting is due
to inaccuracy in airflow measurement.
The inaccuracy occurred due to the airflow measuring points
being located at a duct section with irregular airflow. These
measuring points were used due to physical site constraints.
No balancing devices are present in the general ventilation
system distribution ducting. The system tendency to balance
naturally is not good as indicated in Figure 2.
Possible causes for the unbalanced ducting system are most
likely due to varying system resistances down/upstream of
the measuring points [poor duct and/or grille sizing].
General ventilation is discharged into the refinery air space
via grilles installed in the distribution ducting.
The airflow distribution through the grilles is measured as
input for the CFD modulation.
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To evaluate the system effectiveness of distribution air in the
area CFD models of the plant area are constructed.

• Scenario 1: Area with airflow boundary conditions as
measured on site with current system [unbalanced
distribution ducting, less air volume flow than the system
is designed for, unequal airflow distribution from grilles].
• Scenario 2: Area with airflow boundary conditions as per
design intention [balanced distribution ducting, air volume
flow as per the system design and a perfectly balanced air
distribution from grilles].
The CFD model provides the following information
regarding the air conditions inside the refinery space:
• Velocity profiles
• Temperature profiles
• Pressure profiles
• Age of air [AoA] profiles
AoA is defined as the time [in seconds] that an air particle
spends in the plant air space from entering the space until
leaving the space.
A high AoA area in the plant air space is generally an
indication of a stagnant air zone. A stagnate zone can also
be associated with areas of high airborne pollutant
concentrations.
Figure 3 and Figure 4 indicates the AoA for Scenario 1 and 2
respectively. Scenario 2, with general ventilation conditions
as per the system’s design intention, shows a slight
improvement in the AoA when compared to Scenario 1 [The
red side of the scale indicates higher values in AoA]. The
similarity between Scenarios 1 and 2 indicates that the
system performance is close to the system design.
Scenario 2 will be used as evaluation criteria of the system
as this represents the optimal performance achievable with
the current general ventilation system.
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Figure 3: AoA for general ventilation system operated at
Scenario 1
Figure 6: AoA to static sample correlation - Area 2
Table 2: Calculation of time occupant spends in plant [90th
percentile]

Figure 4: AoA for general ventilation system operated at
Scenario 2
5.2.2 Calibration of CFD model for OEL determination
In an attempt to calibrate the CFD model for OEL prediction,
a correlation was determined between AoA and static airborne pollutant area samples [Figure 1]. A typical
established correlation is shown in Figure 5 and Figure 6.
The static sample data set has a large standard deviation
due to abnormal peak values. It is suspected that the
abnormal peak values are due to inefficiency in the local
exhaust ventilation system in capturing the airborne
pollutants at the source. The abnormal high peak value is
removed from the data set for the purpose of establishing a
correlation between AoA and the static area samples.
A high-level calculation is done to determine the extent of
the improvements required to obtain the OEL. This is
required to gauge the impact of the proposed improvements
on the OEL. The occupants of the refinery plant do not
spend the entire working shift in the plant area and this will
be taken into account in this calculation.
The occupant personal expose is a function of the airborne

Figure 5: AoA to static sample correlation - Area 1
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Sampling air pump flow rate
Static samples 90th %
Personal samples 90th %
Shift span
Total personal dust content sampled over 8 hours
Sampling rate at static concentration
Time spent in bay

1.9 l/min
567 ng/m3
512 ng/m3
8 hours
467 ng
1.08 ng/min
7.2 hours

pollutant static concentration and the time that the occupant
is exposed to this concentration.
As with the static samples, the personal data set has a large
standard deviation. A 90th percentile value of this data was
used to exclude the abnormal peak values. A graphical
representation of the calculated time spent in a bay and
accumulative sampling rate for the 90th percentile static
concentration is shown in Figure 7.
The accumulative Soluble Chloroplatinates [Pt Sol.] sample
correlating to the international OEL is also indicated in this
figure.
The system can be designed to keep the exposure below the
international aspirational target of 100 ng/m3 8-TWA for 7.2
hours or for an entire 8-hour work shift [calculated with a
90th percentile of personal and static samples]. A small data
set of static samples collected over a short period of time

Figure 7: Calculated accumulative exposure over 8 hour shift
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was available for this calculation when compared to the
larger data set of personal samples. The accuracy of this
calculation is strongly dependent on whether the static
samples reflect the dominating plant air environmental
conditions.
This calculation is regarded as a high-level calculation for
indicative purposes due to this high-level of uncertainty.
5.3 High level assessment of proposed changes
Using the general ventilation distribution ducting and grille
layout and only increasing the ventilation rate to achieve
satisfactory environmental conditions requires an increase in
ventilation flow rate as shown in Table 3.
Table 3: Increase in current ventilation rates at time spend in
bay
Time occupant spend in plant
[hours]
7.2
8.0

Increase in ventilation rate
[multiples of current rate]
5
6.2

The increase in ventilation rates in Table 3 is not practically
implementable. Even if a more effective grille layout is
considered, the ventilation rate will still be excessive.

6. MAIN FINDINGS
1) No balancing devices are present in the general
ventilation system distribution ducting. The system
tendency to balance naturally is not good.
2) The CFD results indicated that even with the balancing
introduced, the similarity between the unbalanced and
balanced system indicates that system performance is
close to the system design.
3) The high-level calibration between AoA and measured
static airborne pollutant levels was satisfactory to assess
the impact of changes to the general ventilation system.

provide sufficient extraction rates to the extraction
elements.
• Consider automation of process directly exposing
occupants to airborne pollutants.
• Training of occupants to avoid unnecessary generation of
airborne pollutants in the plant general air space during
operations.
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4) The required increase in ventilation rates to achieve the
required new OEL is not practically implementable. Even
if a more effective grille layout is considered, the
ventilation rate will still be excessive.

7. CONCLUSION
Making improvement to the general ventilation system alone
in this case will not be enough to achieve the international
aspirational target of 100 ng/m3 8-TWA. Methods that are
more effective will have to be investigated to capture the
airborne pollutants at the source of generation or reduce
exposure of personnel.
Some examples of how this can be achieved are:
• Review the effectiveness of LEV or draught system
extraction elements at capturing the airborne pollutants at
the source.
• Evaluate the ability of the LEV or draught system to
Journal of the Mine Ventilation Society of South Africa, April/June 2019
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Fire Engineering:
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The first dates back to 2004 where nine mineworkers
tragically died during an underground conveyor belt fire in a
hard rock mine close to the town of Thabazimbi.

ABSTRACT

Another four mineworkers lost their lives in 2016 during a
conveyor belt fire, this time in a hard rock mine close to
Rustenburg.

Past incidents have shown that underground conveyor belt
fires can have catastrophic consequences, not only resulting
in tragic loss of life but also in financial loss due to
infrastructure damage and production losses. Underground
conveyor belt installations generally comprise a large
quantity of combustible rubber material. This material poses
an inherent risk due to a possible fire with release of high
concentrations of toxic gases, dense black smoke, resultant
high temperatures and reduced oxygen levels.
Furthermore, conveyor belt fires can spread rapidly due to
flashovers and may burn for prolonged periods of up to 24
hours. Intense conveyor belt fires can cause a rollback or
even a full flow reversal in the ventilation system.
These combined factors can severely hinder escape, rescue
and fire-fighting efforts. Many sub-systems exist to prevent,
detect, suppress and control conveyor belt fires. However,
fires still occur and, on closer investigation, it becomes
evident that an integrated design and management
approach is required in order to reduce the inherent fire risk
to acceptable levels. This paper suggests a holistic approach
to conveyor fire risk management by integrating the
sub-systems into a complete system.

1. INTRODUCTION AND BACKGROUND
Conveyor belt systems are typically installed in underground
excavations for the conveyance of ore from underground
tipping points to other conveyance systems e.g. hoisting
shafts, trucking or rail systems and often forms part of intake
airway systems.
The inherent fire risk of any conveyor belt installation is due
to the combustible nature of the rubber materials used and
the large amount of belting installed.
This means that once a belt has ignited the fire can become
uncontrollable within a very short period and with the large
amount of rubber can last for several hours.
Past incidents have shown that underground conveyor belt
fires can have catastrophic consequences, not only resulting
in tragic loss of life but also financial loss due to
infrastructure damage and production losses.
Little information is available in the public media on past
underground conveyor fires and the exact causes and
consequences, however two events since 2000 remain fresh
in our memories.
Original paper presented at the 2017 MVSSA Conference
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Between 2014 and 2016, a total of 27 conveyor belt fires
were reported to the Department of Mineral Resources
(Huma, pers. comm.). This is certainly an alarming
frequency rate considering the possible catastrophic
consequences of such an event.
Industry typically makes use of several OEMs to design,
install and maintain numerous components within a
conveyor belt installation e.g. conveyor structures, drives,
belt, ventilation, detection, suppression and other control
systems.
It is obvious that even with the best-in-class of each
component a conveyor belt installation can easily be
ineffectively managed from a fire risk point of view as
components are managed individually and not as an
integrated and robust system. This may be directly linked to
a lack of underground mine fire engineering designs, skills
and services.
Tools such as CFD and ventilation network fire modelling
are not extensively utilised and can provide critical
knowledge to improve the design of required controls.
The overall objective of this paper is to demonstrate that the
current component approach to conveyor fire risk
management, which ignores the inter-dependency of the
sub-systems, is almost guaranteeing failure.
The following sections describe some of the components in
more detail to understand the interdependencies and need
for a holistic system approach to conveyor fire risk
management (called mine fire engineering).

2. CONVEYOR BELT FIRES AND EFFECTS
Analysis of Mine Safety and Health Administration reports in
the USA show the ignition sources reported in 61 conveyor
belt fires occurring during 1980 to 2005 in the USA
(Frankart, 2006), Figure 1 shows this breakdown.
Typically one of three ignition sources is involved; friction,
electrical and hot work. During a conveyor fire
underground, high concentrations of toxic gasses and heat
are produced. If not contained and disposed of safely,
underground workers are at risk of being exposed to these
by-products of combustion.
Conveyor belt fires are also known to produce dense black
smoke that not only reduces visibility but also irritates the
eye which impedes escape.
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• Regulation 9.1(2) requires that where the risk assessment
at the mine indicates a significant risk of a fire and/or
explosion and/or toxic release, which could lead to an
irrespirable atmosphere or an atmosphere immediately
dangerous to life or health, the employer must provide an
early warning system or systems at all working places.
(Mine Health and Safety act (Act 29 of 1996))
• Regulation 16.1(1) requires that the employer must
ensure that a competent person reports to the employer, at
appropriate intervals determined in accordance with the
mine¡¦s risk assessment, on the adequacy of escape and
rescue procedures at the mine relating to explosions, fires
and flooding. (Mine Health and Safety act (Act 29 of
1996))
• Section 11 of the MHSA requires that the employer
conduct risk assessments to identify hazards and assess the
level of risk to safety and health. This risk must be
recorded and record must be available. (Mine Health and
Safety act (Act 29 of 1996))
Figure 1: Ignition sources (Frankart, 2006)
Gases produced during a conveyor fire include Carbon
Monoxide (CO), Carbon Dioxide (CO2), Nitric Oxide (NOx),
Hydrogen Chloride (HCL), and Hydrogen Cyanide (HCN).
These gasses could potentially contaminate the underground
mine atmosphere and hence poses a serious risk to health
and safety (Egan, 1990).
It is well known that temperatures close to the fires can
exceed 1000OC depending on the fire intensity.
The intense heat can also cause the belt to flash over and
results in high flame spread and numerous secondary fires.

3. CONTROL MEASURES
3.1. Fire risk mitigating strategies and legislation
Fire risk mitigating strategies need to consider proactive and
reactive control measures. Proactive control measures focus
on preventing any fire incidents and reactive controls focus
on minimising the consequence of such an event.

• Mandatory code of practice (COP) for the safe use of
conveyor belt installations. (Department of Mineral
Resources - Guideline).
• Mandatory code of practice (COP) for the prevention of
fires at mines. (Department of Mineral Resources ¡V
Guideline).
3.2. Proactive controls
Proactive or preventative controls consider the following
components.
3.2.1. Conveyor belt material, mechanical design and belt
safety devices
Conveyor belting is supplied in different types and classes to
underground mines. Typically, steel cord and textile
reinforced type belts are used for underground applications.
Conveyor belts consist of a carcass (steel cords or textile
products) with rubber covers.
The rubber covers are supplied in different thicknesses and
grades. Typically, the fire retardant (FR) grade type belts are
used in underground installations.

Legislation correspondingly calls for both proactive and
reactive control measures to be put in place, for example:

Other grades available include oil resistance, chemical
resistant, heat resistant, etc.

• Regulation 5.1(1) requires that the employer must ensure
that a competent person reports to the employer, at
appropriate intervals determined in accordance with the
mine’s risk assessment, on the adequacy of measures in
place to prevent, detect and combat the start and spread
of mine fires. (Mine Health and Safety act (Act 29 of
1996))

As part of the design process, the specific materials to be
used for the system must be carefully considered.

• Regulation 8.9(4) requires that the employer must take
reasonably practicable measures to prevent persons from
being exposed to flames, fumes or smoke arising from a
conveyor belt installation catching fire, including
instituting measures to prevent, detect and combat such
fires. (Mine Health and Safety act (Act 29 of 1996))
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The guideline for the compilation of a mandatory COP for
the safe use of conveyor belt installations refers to SANS
971:2003, Edition 3 (Fire retardant textile –reinforced
conveyor belting for use in fiery mines) for the description of
the design and selection criteria of the conveyor belt
installation.
This standard was updated during 2013 now SANS
971:2013, Edition 4 (Conveyor belting – methods of testing
fire retardant properties of all conveyor belt constructions).
A major change in the standard is that, in addition to the
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flame resistance test as per SANS 340, a flame propagation
test is also required as per method C as given in EN 128811. Method C is a mid-scale test conducted over a period of
50 minutes.
The installation of services such as main compressed air
columns, water pipes and electrical cables next to the
conveyor belt should be avoided.
For instance, during a conveyor belt fire the compressed air
column could fail, disrupting supply to refuge bay chambers.
Mechanical design should aim at preventing friction
between the moving conveyor belt and the stationary
structure. To achieve this, sufficient clearance is required
between the structure and the moving conveyor belt. Belt
alignment devices are also used to detect when the belt is
running skew and stop the belt before it can run into the
structure.
Belt slippage on pulleys is another source of friction which
must be prevented. Belt slip devices detect when the
conveyor belt is slipping on pulleys and stop the conveyor
belt, preventing possible ignition.
Sequential interlocking and associated speed control is
required by Regulation 8.9(1)(h) where two or more
conveyor belts are installed in series.
Bearing temperature sensors are not required by legislation
but can be very useful to detect bearing failures and
ultimately the heating of the bearing to a point where it
becomes a possible ignition source.
No safety devices are available for roller failures however
thermal imaging could assist in monitoring roller bearing
temperatures for early detection of failures.
3.2.2. Inspections, maintenance and hot work
Regular inspection and maintenance is essential to keep the
conveyor belt in optimal operating condition.
The guideline for the compilation of a mandatory COP for
the safe use of conveyor belt installations requires that the
COP prepared by the mine must address the scheduling of
maintenance, inspections and over-inspections of
components such as belt drives, pulleys, conveyor belt, belt
slip devices, belt cleaning devices, stop switches and
sequence interlocking, to mention a few.
Cutting, welding and grinding (hot work) must be
conducted strictly as per “hot work” procedures by trained
personnel with the required supervision and fire protection
equipment available.
A standard operating procedure to conduct “hot work”
should be drawn up and implemented.
3.2.3. Housekeeping
The accumulation of material and dust in any moving part
of a conveyor belt installation could also lead to friction and
a build-up of heat, providing conditions ideal for frictional
ignition. Accumulation of combustible materials such as
paper, wood and spillage of flammable liquids also poses an
ignition risk.
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3.3. Reactive controls
Reactive controls are introduced to reduce the consequence
after an ignition. Components to consider are detection,
suppression, isolation and escape strategies.
3.3.1. Detection
Conveyor belt fire detection components can include CO
sensors, smoke sensors, thermal ambient monitoring, etc.
Typically, these systems are monitored by centralised control
rooms and provide early detection of conveyor belt fires.
When installing fire detection components in conveyor belt
installations, the aim is to identify the belt fire as early as
possible and also provide the location of such a fire. The fire
detection component can also serve as an activation
measure for fire suppression systems. Fire detection and
suppression should be activated as soon as possible to be
effective, once conveyor belt fire reaches a flash over stage it
is virtually impossible to contain.
Depending on the application and conditions, various types
of fire detection systems are available:
• CO gas detectors and smoke detectors can detect the gas
and smoke released as a by-product of combustion. The
location of the sensors in relation to ventilation flow and
possible fire dynamics is critical and CFD techniques can
assist (see below).
• Flame detection sensors are designed to detect the
presence of a flame or fire. Various types of sensors exist
such as infrared, ultraviolet and even a combination of
both. Effectiveness of the sensors depends on the
application, materials present and distance from flame.
Triple IR sensors can detect a flame across three different
wavelengths in the infrared spectrum, over long distances
and have the highest immunity to false alarms.
• Other detection systems such as fibre optical linear heat
detection can be installed over long distances of several
kilometres to not only detect heat increases but also
indicate the specific location.
These are but a few products available and the list is by no
means exhaustive, each of these components has its
advantages and disadvantages to be considered (not
excluding cost).
Critical issues often overlooked are the roles and
responsibilities of belt attendants and control room
operators. In this regard, both clearly defined standard
operating procedures and proper training are required.
3.3.2. Suppression
Various types of fire suppression components are available.
These systems are designed to remove heat and limit
oxygen, the essential elements, apart from fuel in the fire
triangle. Fire suppression equipment can be activated
manually or automatically.
These systems can also be designed to cover high-risk areas
such as head, tail, drives and tension pulleys or can cover
the entire conveyor belt. Additives can be added to the
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water to assist in extinguishment and reduce water
requirements. Some systems also use a fine mist spray for
the same purpose.
In addition, fire extinguishers and water hose reels are often
utilised.
3.3.3. Isolation
Isolation controls are designed to contain smoke and gasses
and aim to prevent worker exposure to contaminated air
streams. Isolation strategies may also include exhausting air
directly into a return system where employees are not
exposed.
The correct primary ventilation system design is essential to
ensure a safe environment for persons to escape. If conveyor
belts are ventilated effectively to a return system on a
permanent basis, the exposure of persons to toxic gasses and
heat could be minimised or eliminated completely.

4. FIRE ENGINEERING THE HOLISTIC APPROACH
The guideline for the completion of a mandatory COP for
the safe use of conveyor belt installations requires that the
design must prevent personnel from being injured as a result
of a conveyor belt fire. The materials used must minimise
the risk of any part of the conveyor belt catching fire and
this should be addressed during the design process.
Scheduling of maintenance and repairs for critical
components should also form part of the COP. The COP must
also set-out measures to prevent, detect and combat fires
from conveyor belt installations.
The “Swiss Cheese” Model – James Reason, 1990, shows
defense mechanism failures if a ‘hole’ is found in the
proactive and reactive controls, however it also
demonstrates the interdependency of all the components,
Figure 2.

It is however very important to keep in mind that the
ventilation system can change from the normal situation due
to heat from the fire and failures of ventilation controls (e.g.
doors) in the fire.
Isolation controls must be fire rated to withstand high
temperatures for prolonged periods to ensure that smoke,
gasses and heat are contained. SANS 1253 specifies
requirements for six classes of fire doors.
Computer software tools such as CFD packages (e.g.
Star-CCM+ CFD, Ansys CFD, Autodesk simulation CFD) and
ventilation network fire packages (e.g. MFIRE, VUMA3D,
Ventsim, MineFIRE) can assist to model fire scenarios and
test ventilation systems.
Where fire engineering interventions rely on ventilation
controls to isolate or direct ventilation to return, these
controls should be automated and specified to the highest of
standards.
These controls must also be modelled to test effectiveness as
fire thermodynamics can lead to changes in ventilation flow.

Figure 2: Interdependency model
4.1. List of relevant sub-systems The following subsystems should be considered during the integrated
design process:

Isolating a fire without creating a negative pressure across
ventilation controls still allows high concentrations of toxic
gasses to contaminate the rest of the mine.

• Legislation, COPs and standards

3.3.4. Escape strategies

• Conveyor design and materials utilised

During a conveyor belt fire, personnel must be able to
escape to safety. Procedures must be in place for safe escape,
escape routes must be demarcated and personnel must be
trained in these procedures.

• Engineering controls (belt safety devices such as slip detection and bearing temperature sensors)

The siting of refuge chambers is critical and, in defining this,
both the ventilation flow and distance from the conveyor
belt must be carefully evaluated.

• Risk Assessment (including CFD and ventilation network
modelling software)

• Maintenance and inspections (including “hot work” and
housekeeping)
• Fire detection
• Fire suppression

Escape drills should be conducted regularly to familiarise
underground personnel of the escape routes from their
workplace.

• Belt isolation system and ventilation design

Great care must be exercised with large automated fire
doors because once personnel have passed through there is,
generally, no turning back.

Risk Assessment should include the usage of tools such as
CFD and ventilation network modelling software.
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• Escape strategies

These sub-systems continually influence one another
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(directly or indirectly). All of these must be integrated and
coordinated in an interactive manner in an overall “system”
wherein there are sets of detailed methods, procedures and
routines, organised in a purposeful structure.
In simple terms, and as mentioned in the introduction, a
system approach to manage conveyor fire risk means each
sub-system is designed with thorough consideration of the
interdependencies to other components.
4.2. Interdependencies to consider during design
Figure 3 summarises the interdependencies of the subsystems to be considered in designing a holistic system.

4.3.1. Computational fluid dynamics
Computational fluid dynamics (CFD) software can provide
valuable information to the characteristics and development
of mine tunnel fires and hence has great potential as a
planning and design tool (Lowndes et al., 2005).
The software can determine fluid flow patterns in complex
geometries, determine the impact of heat sources on flow
conditions and indicate changes such as rollback of
ventilation, full flow reversals and throttling of ventilation
systems.
It can further assess the mixing of multiple gases in a system, track particle movement (dust, smoke, etc.), and simulate the impact of moving objects on fluid flow (Marx et al.,
2014).
Figure 4 and Figure 5 show snapshots from a CFD
simulation from a 5MW fire simulated in an incline. The
snapshot shows the rollback of hot air against the airflow
direction.
The CFD software is able to predict changes in the primary
ventilation at a particular location such as rollback,
throttling and full flow reversals that may occur due to the
heat released by the fire event.
These phenomena are especially noticed where fires occur in
inclined airways.

Figure 3: Interdependency table

4.3.2. Ventilation network modelling

4.3. Heat and fire simulation

While CFD is used to simulate thermodynamic and flow

Within the complex thermodynamics of a fire, there will be a
major influence on the ventilation system due to the
phenomena of air throttling, buoyancy and rollback
(Hansen, 2011).
Throttling is caused by the increase in volume of the air as it
passes through the fire. The increase volume in the
immediate downstream of the fire requires additional
ventilation pressure to overcome this throttle effect and
maintain the flow.
The buoyancy effect occurs as air passes through the fire and
the air density decreases. This effect is more prevalent in
tunnels with an inclination as hot air tends to rise to the
highest point. The effect will work with air flowing up an
incline and against air flowing down an incline. It must be
noted that the buoyancy effect can result in air reversals.

Figure 4: CFD simulation indicating temperatures

Rollback takes place when smoke travels in the opposite
direction of the airflow and occurs normally when air
velocities are relatively low (<1m/s).
The amount of rollback is also affected by the inclination of
the tunnel (Hwang, 2002). The design of ventilation
controls such as doors, seals, fans, airways, etc. needs to
consider the above effects on airflow and pressure.
There are two types of software tools that find application in
this type of fire engineering i.e. CFD and network tools and
each is discussed.
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Figure 5: CFD simulation indicating velocity
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conditions in a single excavation, network fire modelling
software is used to track the spread of contaminants and
heat throughout the mine network.
The modelling of mine fires requires an understanding of
fire chemistry, fire dynamics and a suitable thermodynamic
modelling programmeme. Fire chemistry determines the
amount of heat and gasses generated by a fire.
Fire dynamics refers to the stages of growth or decay.
Thermodynamic modelling programmememes predict
changes to the mine ventilation flow and air thermodynamic
conditions (Brake, 2013).
Figure 6 shows a snapshot taken from fire modelling
conducted to determine how gasses will spread through a
mine during an underground fire scenario.

effectively prevent a fire and the reactive controls to reduce
the impact or consequence of the fire.
With the benefit of modern simulation tools, designs can be
tested and optimised.
Simulation software has in recent times already highlighted
that the design approach should be more proactive and
should rather focus on preventing conveyor belt fires than
reducing the risks thereafter.
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NEWS

TLT-Turbo Africa to provide energy efficient ventilation
solution to Kamoa Copper SA

TLT-Turbo Africa has been awarded the contract for the
supply and installation of a turn-key solution for underground ventilation and fumes extraction for Kamoa Copper
SA, located 25km outside of Kolwezi, DRC.
Kamoa Copper SA forms part of the Kamoa-Kakula Copper
Project, which is a joint venture between Ivanhoe Mines,
Zijin Mining Group and the Government of the Democratic
Republic of Congo.
The Kamoa-Kakula Group Project has been independently
ranked as the world's largest, undeveloped, high-grade
copper discovery. It is located within the Central African
Copperbelt, approximately 25 kilometres west of the town of
Kolwezi and about 270 kilometres west of the provincial
capital of Lubumbashi.
TLT-Turbo Africa is designing, manufacturing and supplying
a Bifurcated Axial Flow Fan Station for the extraction of
mine fumes as well as Auxiliary and Booster Fans for
Kamoa’s underground operation. They will also oversee the
installation of the fans and will provide assistance with
commissioning.
The Kamoa Copper ventilation project is the first of many
projects of strategic importance within the Sub Saharan
Africa region that the company is involved in.
The contract was secured in October 2018, with c
ommissioning due to begin in July 2019. TLT-Turbo Africa
was appointed by DRA Projects, who are handling EPCM
(Engineering, Procurement, and Construction Management)
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on the project. DRA managed the tender process and are
currently overseeing the execution phase.
According to TLT-Turbo’s Madeleine Pretorius, the project
presents unique challenges from a logistical point of view.
The site is remote, and it involves multiple border crossings
and often poor road conditions.
“This means complicated logistic solutions. TLT-Turbo has
the benefit of a broad suite of options to minimise the need
for abnormal or complex loads,” says Pretorius.
She adds that the TLT-Turbo Africa offering and approach
positions them as a preferred supplier for ventilation
solutions in challenging locations. “We provide an energy
efficient solution where power costs are high, and
availability can be erratic. Our product is designed for
long-term reliability and durability, with simple maintenance
requirements and minimal down-time, which is critical for
our remote clients.”
Mike van Oerle, Sales Manager at TLT-Turbo Africa says that
TLT-Turbo’s approach will provide several benefits to
Kamoa’s operations. This includes standardised equipment
that is designed for simple installation and maintenance,
which means that TLT-Turbo’s fans can be maintained by the
client on site, without the need for costly expert inspections.
“TLT-Turbo is providing highly efficient products to meet
Kamoa’s interim ventilation and power requirements, with
flexibility for future re-deployment at an alternative
ventilation position.”
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FREE WORKSHOPS
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