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THE REDUCTION OF THE SAFETY AND HEALTH RISK ASSOCIATED WITH THE
GENERATION OF DUST ON STRIP COAL MINE HAUL ROADS.

EXECUTIVE SUMMARY

This report presents the findings of the SIMRAC (SIMCOL) research project COL467 which
examines techniques to reduce the safety and health risk associated with the generation of dust
on strip coal mine haul roads. The objective of this report was to develop a set of guidelines for
the appropriate surface treatment selection, application and maintenance to provide a cost-
effective means of reducing the safety and health hazard associated with dust on strip coal mine
haul roads. This would be used to identify suitable spray-on or mix-in surface treatments to
reduce the generation of dust, within the constraints of cost effectiveness and maintainability,
through consideration of wearing course material type, traffic volumes and current road

maintenance activities.

The mining industry, specifically surface strip coal mine operators can use the guidelines to
optimise the safety and health of surface strip coal mine transport operations, specifically
through the reduction of transport related accidents and the structured recognition, evaluation
and solution of dust generation problems on mine haul roads, leading to safer mining operations.
The objectives were addressed through an assessment of the following enabling activities;

1. A literature study encompassing current state of the art regarding dust
suppression techniques, products and measurement and assessment
methodologies.

2. The identification of an appropriate experimental design and the establishment
and/or characterisation of sites and test sections on participating mines
The identification of suitable surface treatments products
The quantitative and qualitative evaluation of the dust defect visibility and health
risk on sites without treatment

5. The quantitative and qualitative evaluation of the dust defect visibility and health
risk on sites with treatment, over a full climatic cycle where possible

6. A report offering recommendations and conclusions regarding the optimal
wearing course surface treatment and management strategy

The following primary outputs were provided:
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Guidelines to enable mine operators to cost-effectively reduce the safety and
health risk of dust generated on strip coal mine haul roads through the optimal
selection, application, evaluation, and maintenance of spray-on or mix-in dust
palliation treatments.
A qualitative methodology for evaluating haul road dust hazards and intervention
levels adapted from a quantitative measuring system.
The modelling and prediction of haul road dust hazards from consideration of
wearing course material type, traffic volume, climate, maintenance and surface
treatment applied to the road.
The development of acceptability criteria for the haul road dust defect hazard and
the dust health risk.

The following conclusions and recommendations are made in the light of the findings of the

research contained in this report;

1 From a mining perspective, the following parameters define an acceptable dust palliative;

Mix-in establishment applications with minimal site preparation (rip, mix-in and
recompact) and spray-on maintenance re-applications, or (less preferable),
spray-on establishment applications with deep penetration into the compacted
wearing course, followed by spray-on maintenance re-applications.
Straight-forward applications requiring minimal supervision, not sensitive nor
requiring excessive maintenance or closely controlled re-applications.
Trafficable within a maximum of 24 hours (short product curing period).
Availability in sufficient quantity at reasonable prices.

Adequate proven or guaranteed durability, efficiency and resistance to
deterioration by leaching, evaporation, ultra-violet light and chemical reaction with
wearing course or spillage on road, to provide a high degree of dust palliation
over a period commensurate with the functional deterioration profile of the road.
Effective over both wet and dry seasons.

Safe to handle, non-inflammable, non-corrosive, non-toxic, neither in its pre- nor
post application (leached constituents) state and environmentally acceptable.

Evaluated against local and international standards.

2 The management strategy recommended for water-spray based dust suppression should

be based on user defined levels of dust defect acceptability and an average degree of

palliation which can be maintained over a specified period. In general, the consensus

of road-users was that a dust defect score of two represented a practical dust defect
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intervention level. This defect score was based primarily upon the visual effects (road

safety and driver discomfort), rather than any perceived health impact.

Since the evaluation of haul truck driver exposure to haul road respirable dust concluded
that it is unlikely that such dust poses a significant threat to average air quality in the
driver's cab, especially where sealed cabs are used, it is recommended that where low
capacity open cab trucks are used in conjunction with inherently dusty wearing course
materials with high (>5%) respirable alpha-quartz fractions, palliation should be
considered to improve AQI's, especially if the benefits of palliation were extended to

better dust control at the loading and tipping points.

Whilst the data would motivate against the use of dust palliatives purely on the grounds
of improvements to air quality, the results should be viewed holistically with regard to the
overall mine dust palliation strategy, more particularly, the control of the various dust
sources and the associated safety benefits. Coupled with the need to reduce dust from
a safety perspective, the use of palliatives can still be motivated where water-spray

tankers are re-deployed to reduce dust emissions, especially at loading or tipping areas.

Under typical summer conditions, for a water-based spray suppression system with a
large rear-dump truck running on a well built and maintained haul road, re-watering is
required at approximately 30 minute intervals to maintain a dust defect that at no time
exceeds a score of two. Under winter conditions, the re-application interval extends to

approximately 50 minutes.

The watering model should be used to determine individual mine watering frequencies
for the characteristic site parameter combinations. Further refinement of the model is
recommended to enable a greater range of variables to be reliably analysed and thereby

improve the predictive capability.

The average degree of palliation achieved using chemical palliatives can significantly
reduce dust emissions from mine haul road, and the primary impact of these reductions
would be improved visibility and safety, and in the case of open-cab trucks, an
improvement in the air quality index. It is recommended that palliatives be considered

as a dust suppression system, subject to the limitations described.

A mix-in establishment is recommended for a mine haul road, irrespective of palliative
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type, followed by spray-on maintenance re-applications. A poor wearing course material
cannot be improved to deliver an adequate performance solely through the addition of
a dust palliative and it is recommended that the haul road wearing course material
should at least satisfy the minimum material selection specifications. If not, the inherent

functional deficiencies of the material will negate any benefit of gained from using dust

palliatives.

A spray-on treatment is recommended to suppress dust emissions from the untrafficked
roadsides, since it would be easier (and cheaper) to apply and, with the material typically
being uncompacted, would provide some depth of penetration and a reduction in dust

emissions generated from truck induced turbulence.

All palliatives (with infrequent watering) share one common failing as compared with
frequent water-spray systems. Material spillage on roadways was extremely common
at all sites and spilled material was subject to re-entrainment. In mines where spillage
cannot be effectively controlled, watering, or failing that, the use of a road
sweeper/vacuum in combination with a dust palliative may prove to be more effective for
dust control.

The use of a palliative in dumping and tipping areas is not recommended due to the high
lateral shear forces generated by slow speed manoeuvring. In permanent tip areas, the
solution may lie in the provision of a concrete cast in-situ pavement which can be swept
clean.

Road functionality can be significantly improved by through the use of dust palliatives.
A palliative application frequency is recommended which matches road blading
intervals; the palliative degenerating over time at a similar rate to functionality, thus when

the road is bladed, the maximum economic life has been extracted from the treatment.

The model developed for the analysis of palliative comparative cost-effectiveness should
be used as a basis for the identification and costing of the key components that affect
the overall cost of dust control. Care should be taken when specifying the modelled or
alternate establishment and re-application strategies and it is important that the data
used closely reflects the anticipated palliative performance. Since the testwork
conducted did not allow for the build-up of palliative in the road it is possible that the

model under-estimates the average degree of palliation achieved over a specified time
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period, especially where multiple re-applications are envisaged.

For a maximum allowable dust defect score between two and three, several classes of
product rendered a cheaper overall cost per square meter of treated road than did dust
control by water-based spraying. When the allowable dust defect score reached four,
due to associated lower average degree of dust palliation required, water-based spraying
was the cheaper option. Current mine operating practice is typically represented by a
dust defect value of between three and four which would indicate that in some
circumstances, watering is the cheapest form of dust palliation. However, using a road-
user defined maximum dust defect score of two, some form of chemical palliation would
be beneficial in the long term, subject to the individual mine cost constraints and

assumed palliative performance models.

Additional blading of the road (typically at intervals not dissimilar from the blading
frequency associated with water-based dust suppression) should be avoided since this
resulted in a significant increase in costs, making watering the cheapest suppression
option. Improvements in road functionality significantly impact costs per square meter

and any palliative applied should ideally contribute to improved functionality.

Where the road is required to handle traffic over short period of time per day, typically
below 14-16 hours, watering will invariably represent the cheapest suppression option
under these circumstances, subject to individual mine cost and road performance

constraints.

The assumption that water used for dust allaying purposes is a ho cost item is incorrect
and should be re-evaluated by mines since there is a cost associated with the provision
and maintenance of the water filling points and reticulation system. Subject to the actual
cost of water being determined, this could significantly enhance the viability (in terms of
cost-effectiveness) of using dust palliatives and may even warrant the assessment of

flexible bitumen-rubber bound chip seals.
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CHAPTER 1

INTRODUCTION AND INVESTIGATION DEVELOPMENT

1.1 Introduction

The SIMRAC report (OTH202) by Simpson et al (1996) investigating the causes of transport and
tramming accidents highlighted the fact that 74% of these accidents on surface mines were
associated with ore transfer by haul truck and service vehicle operation. Dust generation was
identified as a significant contributory factor in a number of these incidents. Further work by
Thompson (1996) and Fourie et al (OTH308, 1997) confirmed the significance of dust as a
contributory factor in attributable reportable accidents and incidents associated with free-steered

vehicles operating on unpaved mine haul roads.

The design and management of mine haul roads encompasses the following individual

components;
u Structural
u Functional
u Geometric
u Maintenance

The use of dust palliatives to reduce the safety and health risks on mine haul roads primarily

impacts on the functional design or performance of the road. Functional design is defined as;

"the ability of the haul road to perform its function, i.e to provide a safe, economic and
vehicle friendly ride. The selection and management of wearing course materials (or

surfacing) primarily controls the functional performance".

Functional performance specifications for mine haul road wearing course materials developed
in stage Il of the AMCOAL/University of Pretoria haul roads research project (Thompson and
Visser, 1995) enabled the performance of a specific wearing course material type to be predicted
in terms of the likely functional defects it would generate. Further, from an analysis of road-user
acceptability criteria, incorporating over 280 years of operating experience on mine haul roads,
it was found that the dust defect was critical in terms of overall road safety hazards and accident

potential.
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Most locally available untreated wearing course materials exhibit excessive dust defects and
thus there is the need to reduce the dust defect through an analysis of the available palliatives
in conjunction with current haul road maintenance activities, traffic volumes and wearing course
material types. Dust is currently controlled by the regular application of water to mine haul roads.
This approach is problematic where long road networks are operated and the rate of
evaporation of dust-allaying water is high: On evaporation of the water applied to the road, no
residual dust binding or palliation is evident and frequent re-watering is thus necessary. Where
water is a strategic issue, or where the cost of water is high (bearing in mind the proposed
legislation encompassing the cost of water used by mines), water may prove to be the most

expensive and least effective dust palliative.

Two approaches to the use of additives to mine haul road wearing courses for dust palliation
purposes predominate; those of mix-in or spray-on treatments. Whilst the mix-in treatment
approach is more appropriate for mine haul roads, it is not ideally applicable (requiring
considerable road preparation). The spray-on approach is workable and may represent a viable
option once the application and maintenance strategies are determined in conjunction with the
efficacy of the various treatments in reducing safety and health risks. This can be most readily
achieved through semi-quantitative measurements (in one-dimension) of the dust plume
generated by a haul truck on a section of road, in terms of a dust concentration of the respirable

(minus 10 m fraction) of the total suspended fugitive dust.

In comparison to reportable accident and incident data, little data exists with which to quantify
the health risk associated with the respirable fractions of haul road dust (especially where a
quartz-rich wearing course material is used). It is thus necessary to determine likely reductions
in respirable dust levels through analysis of quantitative sampling data before and after palliation
treatments and where possible, isolate the specific emission sources and their contribution to

the overall air quality and exposure risk for the particular statistical population.

Combining these approaches will then enable guidelines for the appropriate surface treatment
selection, application and maintenance to be developed, thereby providing an indication of a
cost-effective means to reduce the safety and health hazard associated with dust on strip coal

mine haul roads.

1.2 Investigation Objective
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The scope of the investigation was originally presented in the COL467 (revised) project proposal

and is summarised on the following pages in terms of objective and application criteria.

1.2.1 Objective Statement

The reduction of the safety and health risk associated with the generation of dust on strip coal
mine haul roads through the development of guidelines for the selection of appropriate surface
treatments, their application and maintenance to provide a cost-effective means of reducing the

safety and health hazard associated with dust on strip coal mine haul roads.

1.2.2 Application Criteria

For use by the mining industry; specifically surface strip coal mine operators to optimise the
safety and health of surface strip coal mine transport operations. The potential impact is a
reduction of transport related accidents and the structured recognition, evaluation and solution
of dust generation problems on mine haul roads, leading to safer mining operations. It is applied
through consideration of wearing course material type, traffic volumes and current road
maintenance activities, to determine suitable spray-on or mix-in surface treatments which, within

the constraints of cost effectiveness and maintainability, reduce the generation of fugitive dust.

1.3 Primary outputs

The following primary outputs were identified:

1. A set of guidelines which enable mine operators to cost-effectively reduce the safety and
health risk of dust generated on strip coal mine haul roads through the optimal selection,
application, evaluation, and maintenance of spray-on or mix-in dust palliation treatments

2. A qualitative methodology for evaluating haul road dust hazards and intervention levels

adapted from a quantitative measuring system.

3. The modelling and prediction of haul road dust hazards from consideration of wearing
course material type, traffic volume, climate, maintenance and surface treatment applied

to the road.
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4, The development of acceptability criteria for the haul road dust defect hazard and the
dust health risk.

1.3.1 Enabling Outputs

To achieve these outputs the following broadly defined enabling activities were identified;

1. Literature study

2. Experimental design and the establishment and/or characterisation of sites and
test sections on participating mines
Identification of suitable surface treatments products

4, The quantitative and qualitative evaluation of the dust defect visibility and health
risk on sites without treatment

5. The quantitative and qualitative evaluation of the dust defect visibility and health
risk on sites with treatment, over a full climatic cycle where possible

6. A report offering recommendations and conclusions regarding the optimal

wearing course surface treatment and management strategy

1.4 Structure and Scope of Report

Chapter two presents the historical background to mine haul road dust suppression, following
which the current state is reviewed, both locally and internationally, and inherent deficiencies
identified. A summary of research pertaining to the technigues and products available in the
public domain is presented where this work has the potential for application in mine haul road
dust suppression. Through the identification of the deficiencies that exist in current dust
suppression analysis and practices on haul roads and the recommendation of appropriate
assessment and monitoring strategies, the basis for the experimental design is established. The
experimental design adopted as a basis for the analysis of dust generation and palliation on
mine haul roads is addressed in Chapter three. The experimental design is outlined in terms of
the measurement of site variables from which the safety and health hazards associated with dust
generation and the efficacy of various dust treatments, can be determined. The test
methodology is then outlined prior to a review of the various mine test sites available and the

extent to which each site fulfils the data requirements envisaged in the experimental design.
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Water-spray based dust suppression is the most common means of reducing dustiness on mine
haul roads and Chapter four presents a study of the base-case scenario. The combination of
a water-car and regular spray applications of water providing a relatively inexpensive, but not
necessarily efficient, means of dust suppression. To determine the base-case scenario, the
degree of dust palliation achieved with watering is initially compared to the untreated dustiness
of various test sections, to determine the average and instantaneous degree of dust palliation
achieved under typical winter operating conditions. Acceptability criteria are introduced, based
on mine personnel evaluations of the intervention dust defect levels and averages degree of
palliation achieved, from a safety perspective. This data is then used in Chapter five to calculate
suppression efficiencies of the various classes of palliatives evaluated. By combining these
criteria with dust prediction models based on wearing course and traffic parameters, an estimate
of water-spray based suppression re-application rates was determined. The chapter concludes
with an example calculation procedure for determining typical re-application frequencies as a

precursor to the comparative evaluation of other types of dust palliatives.

The experimental design described in Chapter three forms the basis of the palliative evaluations
described in Chapter five. Nine treated sections of road were evaluated in terms of the
untreated (base case) dustiness levels, the degree of palliation achieved and suppression
efficiency compared to a single application of water. The results are categorised according to
the class of palliative evaluated. The use of palliatives may also lead to improvements in road
functionality and to determine the extent of these benefits, results of the functionality and
roughness monitoring exercise are also presented for each test site, compared to the untreated
wearing course defect progression rates. Additional observations are offered, centred on the
performance of the test site following palliation, both in terms of dust suppression and road

performance.

The health risk associated with exposure to fugitive dust emissions from mine haul roads was
assessed through a number of sampling exercises undertaken in mine haul truck cabs, over a
typical operating cycle. Data pertaining to seven test sites are presented in Chapter six, where
typical air quality indices (AQI's) that could be expected for a truck driver during a normal
working day were evaluated, linking sources of dust to overall AQI contribution during a typical
haul cycle. Using the previously established intervention level and re-application frequencies
to generate an average degree of dust palliation, the impact of this reduced dustiness is

assessed in the light of expected improvements in the overall AQI.

The development and evaluation of dust control strategies requires an analysis of the relative
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costs of alternative palliation options, such that the most cost-efficient option can be determined,
together with an indication of the sensitivity of the selection in terms of the primary modelling
parameters. Chapter seven details the development of the cost-effectiveness model, introducing
the primary data classes required prior to specifying the individual model components. The data
classes are described and component values ascribed, based on current (1999) data and costs.
A comparative analysis is then undertaken for each class of palliative previously monitored,
using the water-spray efficiency model and required degree of palliation for a maximum specified
dust defect as the starting point. The individual palliative cost-effectiveness, compared to a
base-case cost of water-spray application and the associated Rand per square meter cost is

then discussed.

Finally, a summary of the main conclusions of the SIMRAC (SIMCOL) research project COL467
which examined techniques to reduce the safety and health risk associated with the generation
of dust on strip coal mine haul roads are offered in Chapter eight, following which
recommendations are made in respect of the stated research aims and objectives highlighted

in this Chapter.
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CHAPTER 2
CURRENT STATE OF DUST SUPPRESSION ON MINE HAUL ROADS

2.1 Introduction

The historical background to mine haul road dust suppression is presented following which the
current state is reviewed, both locally and internationally, and inherent deficiencies identified.
A summary of research pertaining to the techniques and products generally available is
presented where this work has the potential for application in mine haul road dust suppression.
Through the identification of the deficiencies that exist in current dust suppression analysis and
practices on haul roads and the recommendation of appropriate assessment and monitoring

strategies, the basis for the experimental design is established.

2.2 Dust Characterisation

2.2.1 Dust Generation

Dust generation may be loosely defined as the process by which particulate matter becomes
airborne, to be carried downwind from the point of origin or source. Such generation is termed
a fugitive (or open) dust source. The amount of dust that will be emitted is a function of two
basic factors (ARRB, 1996);

u the erodibility of the material involved

u the erosivity of the actions to which the material is subjected

In broad terms, the effectiveness of controls applied to reduce dust released from a particular
source is thus dependant on changing one or both of these factors. The nature and particle size
distribution of a mine haul road wearing course material has a fundamental influence on the
tendency to form fugitive dust. Particles that become suspended for a noticeable length of time
are generally <30 m in diameter. The proportion of material in this range is therefore
approximately proportional to a material's erodibility. In general, the silt and fine sand content

of a material (ie. 2-75 m) is a good indication of its erodibility.

Erodibility is reduced by cohesion, which increases with clay content and/or the use of additional
chemical binders. This forms the basic motivation for the use of some additional agent to reduce

a material's inherent erodibility, since the finer fraction, although contributing to cohesiveness,
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also generates much of the dust, particularly when the material is dry. The presence of larger
fractions in the material will help reduce erodibility of the finer fractions, as will the presence of
moisture, but only at the interface between the surface and the mechanical/natural eroding
action. This forms the basis of the water-based dust suppression techniques used most
commonly on mine haul roads, together with the addition of hygroscopic chemical additives to
attract more moisture onto the surface of the material. The various classes of palliative will be

described in more detail later.

The potential for an activity to generate dust depends on a number of factors, including;

u the mechanical actions involved
u the amount of energy imparted to the material
u the scale and duration (frequency) of the activity.

Mechanical action involves a combination of reducing particle sizes by impaction and friction,
followed by ejection into the air. Coppin and Armstrong (1996) suggest that whilst mechanical
activity is the most significant process, in the case of (mine haul) roads, vehicle disturbance can
lead to significant wind-related emissions from a surface by;

u physically ejecting particles from the surface by the action of the wheels

u creating local turbulent eddies of high velocity.

Thus the amount of dust generated from a pavement surface can depend on;

u Wind speed at the road surface. Addo and Sanders (1995) report that speed
appears to be linearly related to the amount of dust generated (for light
passenger vehicles), as does the vehicle aerodynamic shape, especially the wind
shear (lower vehicles with many wheels tending to cause an increase in dust).
The traffic volume, or number of vehicles using the road.

Particle size distribution of the wearing course.

Restraint of fines. This is related to compaction of the road surface,
cohesiveness and bonding of the surface material, durability of the material