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SUMMARY

An increased occurrence of frictional ignitions
in Queensland during the past year has seen
the subject receive attention from both the
industry and inspectorate. A generic risk
assessment framework was developed by
SIMTARS to assist the mines, as part of an
ACARP project on frictional  ignitions.
Although the subject of frictional ignitions is not
fully understood, sufficient information is
avaiiable for a good evaluation of the
probability of an ignition to be made using
certain indicators. The framework is based on
a fault tree of the causative factors leading up
to an ignition and firstly identifies the critical
issues that mines will have to know before
such an evaluation couid be embarked upon.
Once this information is available, the
framework leads the mine operators through a
series of questions. The operator, by
answering these guestions, is able to identify
those issues that could cause the probability of
an ignition occurring to increase significantly.
Knowledge of the issues that increase the risk
enables the operators to focus their efforts at
instituting the necessary preventative controls.
it is foreseen that the use of this framework
would assist mines to more readily assess
their particular ignition risks and aiso develop
cost effective solutions.

INTRODUCTION

The prevention of frictional ignitions in coal
mines has received renewed attention during
the past few years. Frictional ignitions can not
only hurt people but can aiso lead to more
catastrophic consegquences if they are not
contained. Despite significant research efforts
into the causes and the necessary controls, it
would seem that there has been little decrease
in their occurrence in the last decade. In
Queensiand alone there have been a number
of ignitions that have caused the subject to
receive significant attention.

Frictional ignitions caused by picks striking
stone have been widely researched and
reported throughout the world. However there
are still areas that are unclear and problems
with the implementation of proposed controls
are still prevalent. These issues inciude the
influence of dust in the vicinity of the pick and
micro ventilation in and around the picks. This

second aspect is especially important in the
ight of the known fact that different
temperatures as well as different heated
surface areas have an effect on the ability to
ignite the mixture. There is however sufficient
knowledge and understanding to conduct a
risk assessment that will enable mines to
determine the potential for an ignition.

The Mining Research Centre at SIMTARS has
been invoived in an ACARP project on
frictional ignitions. One part of this project was
developing a risk framework that can be used
to assess the frictional ignitions risk on a mine.
It was anticipated that this risk framework

" would increase the understanding of the

subject amongst the Australian coal mining
industry as well as facilitate a more cost-
effective process. As the major causative
factors are known, a generic model and
process was established which mines can use
as par of their risk assessment process.

Although other forms of friction can cause
ignitions or fires in mines, the area of
investigation was restricted to frictional heat
caused by the pick of a coal-cutting machine
striking stone. Other forms of friction that
oceur in goafs or where steel rubs against
steel or other materials are different in nature
and were not inciuded. A further reason for
restricting efforts to frictional ignitions from pick
on rock is because this area has been
identified as having the most pressing need.
The largest contribution {o increasing safety on
mines can be achieved by preventing such
incidences.

USE OF THE PRINCIPLE OF FIXED
CONSEQUENCE

The principle of fixed consequence was used
in devising this risk framework to determine,
even qualitatively, the probability of a hazard
occurring. Risk has been defined as having
two components, consequence and
prabability. Matters are usually complicated
because there is a relationship between the
probahility and severity of the consequence.
For example an incident with a small
consequence could very easily occur with
greater probability that one with a large
conseguence. This is quite possible in the
area of frictional ignitions. The chance of
friction causing a hotspot or a small kernel
ignition is significantly higher than causing a
methane expiosion.
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The fixed conseguence principle is used o
overcome this probiem. This principle defines
the conseguence up front and the only issue
under consideration is the probability of the
hazard cccurring. In the case of frictional
ignitions the conseguence is fixed as the
ignition of methane by the frictional heat of a
pick striking incendive material. For such an
occurrence to happen the requirements of the
fire triangie has to be complied with and thus
the analysis is based on the probability of a fire
triangle being formed. The size and scope of
the ignition is not considered. The fact that
such an ignition could occur is deemed to be
serious enough without the consideration of a
large accumuiation of methane being present
to cause an explosion {o occur.

if there is & risk that a frictionat ignition could
occur, the principle of the progression of the
explosion can be used to determine the most
appropriate controls.  This is performed with
due regard to the possibility that the initial part
of the ignition might be so small that it is not
dangerous if it is contained. In other words the
igrution is seen as a small initiating heat rather
than an explosion which could lead tc a further
and larger explosion. By doing this, the
consequence of the hazard is diminished as
the probability of the hazard occurring is high
(this is the underlying principle that is followed
when suppression systems are introduced). if
the controls on the mine were insufficient to
keep an ignitien from occurring then the
centrols to prevent an explosion from accurring
would also be insufficient. This will require
that additional controls be implemented to
prevent ignitions from occurring. These
controis could then range from closing the
section, part of the mine or the impiementation
of advanced suppression systems.

CAUSATIVE FACTORS

A frictional ignition is an exothermic reaction,
which requires three main compenents to exist
simultaneously before it can happen. These
three components are more commonly called
the fire triangle, and consist of the fuel
{reducing ‘agent), oxygen in the air (the
oxidising agent) and the heat caused by a
frictional hotspot (initiating heat or entaiphy of
the reaction). These three components are
used not only as the basis to determine the
potential for a frictional ignition but are also
used to devise controls to prevent an ignition
from occurring.

The fuel for a frictional ignition is usually
provided by the presence of methane
Methane is released from the coal or adjoining

strata and is removed or diluted to safe levels
through ventilation.  Latter-day work has
indicated that the presence of coal dust in the
methane not only has an influence on the
iower explosive limit of the methane but also
takes part in the ignition. The effect that this
coal dust has on the energy requirements to
initiate the ignition is still to be determined.
The outcome of this research could have a
significant influence on the best method to
control ignitions.

Oxygen in the air provides the oxygen for the
reaction. As the oxygen is needed for humans
to breathe, iis presence is {aken to be a given
in any risk assessmen! to determine the
potential for an ignition. it is only in certain
cases where the risk is high due to the
probability of the other two factors being
present where the exclusion of oxygen is used
in controlling an ignition. Therefore possibility
of the both the fuel and oxygen can never be
fully excluded from any coal mining situation.
The third factor, which is the initiating heat, is
however dependant on the prevailing
conditions.

The initiating heat required to start the ignition
is generated by the friction between the cutting
picks and incendive sandstone. Research
done locally and throughout the world has
shown that it is only when a pick strikes a
stone with specific characteristics  that
sufficient heat can be generated to ignile
methane. Further it is only under specific
cutting element conditions that a hotspot of
sufficient size and temperature can be
generated. These conditions relate to the
speed and condition of the pick.

So for an ignition to occur there must methane
presenrt and the culting elements must
encounter the incendive stone under certain
conditions, Only when this happens are all the
requirements met for an ignifion to occur. The
probability of an ignition occurring can be
determined using these conditions as the basis
and determining the probability of these
conditions occurring at the same time.

THE FRAMEWORK

The framework was deveioped by doing a
problem or fault tree analysis of the conditions
that would {ead to a fnctional ignition
happening. An initial tree was used and then
expanded to be fully comprehensive during a
workshop held with authorities from both the
industry and research environments. The
following figure sets out the main headings of
this fauit tree.
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Frictional Ignition
due to CM pick
striking rock or steel

L

Heat source {hot spot}
from picks striking
incandive material

Cutting situation that
has potential of
creating excess heat
when striking material

Pick Exposure to
incendive rock/
material

Oxygen
available

ignkabie jevels of
methane andior coal
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Source of avadable
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I @ |

Ventilation
inadequate for
gasidust control

Figure 1: Fault tree for frictional ignition due to continuous miner pick striking rock or steel

The first line of this figure represents the fire
triangle where i is shown that a heat source,
oxygen and ignitable levels of methane all
must be present at the same time to enable an
ignition to occur.  The lines below present
those situations that lead to these three factors
being present. As the presence of oxygen in
the air cannot be prevented in the mining
situation it has not been developed any further
and attention is focused on the initiating heat
and the presence of fuel.

The presence of fuel for an ignition is caused
by a source of methane being present and at
the same time having inadequate ventilation
controls to dilute or remove this methane. The
hotspot that forms the initiating heat is caused
by exposing the culting elements to incendive
rock and at the same time having a cutting
situation that has the potentiai for creating

excess heat. Each of these basic causes were
then developed further into more detailed
contributing factors.

In Figure 2 sources of methane are identified.
In an underground coal mine, except in very
isolated instances, it can be safely assumed
that there will aiways be methane present.
The real issue with methane lies in how
effectively the ventilation dilutes and removes
it The causes of inadeqguate dilution and/or
removal of methane that can lead to an
accumulation {of fuel) are presented in Figure
3. The main causes for inadequate control of
methane are either the ventilation quantity is
insufficient to dilute the methane to safe
concentration or the ventilating air is directed
in such a way that the air cannot reach the
methane resulling in inadeguate mixing and
removal,

Source of available
methane in area

Methane emitted
from blowers

Methane made
from rib

Methane / dust
from cut coal in
face

Figure 2: Sources of methane
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Figure 3: Causes for inadequate control of methane

The next consideration was the formation of a
hotspot caused by a pick striking incendive
material. Figure 4 shows that the picks can be
exposed to such material in the roof, floor orin
the seam being exiracted. In the case of
incendive materials in the seam being
extracted, there is nothing that can be done to
avoid this material if mining is to continue. But
in the case of the roof and floor stone,
inadequate horizon control could be the
reason why the picks contact the stone.

The presence of incendive material and
making contact with it is not the only reason a
hotspot is generated.  Coupled with the
incendive stone the cutting conditions must
also be such that excessive heat can be
generated.

in Figure 5 the causative factors are described
for excessive heat occurring in the cutting
situation. The main reasons for the cutting
situation to be problematic are:

(a) if the cutting drums and picks were
designed inadequately to prevent the
generation of frictional heat,

(b) the drum is operated wrongly, or more
importantly,

{c) the maintenance of the drum, picks and
water-sprays are not performed
adequately.

This latter cause is one of the single most
important causes of frictional ignitions. This is
however not an easily defined criteria as it
depends more on the actions of the operators
than on a physical characteristic.
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Figure 4: Causes for the exposure of the picks to incendive material
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Figure 5: Causes leading to a cutting situation with the potential of creating excessive heat

The causative factors determined in the fault
tfree do not in themselves assist the mine to
determine the risk of a frictional ignition
occurting. The fault tree sets out the causes
of a fricion ignition but not the actual
circumstances that have 1o prevail.

To make the framework more useable to
management the factors have been
transformed into a set of question structured in
the same way as the logic diagram. A copy of
the first page of questions is presented in
Appendix A.

Structuring the causative factors in the form of
guestions serves two purposes.

Firstly it allows the mine to determine what
information is required. Experience has shown
that in the maijority of cases mines do not know
what is required to assess the potential for a
frictional ignition and even when this is known
the actual values required are difficuit to
obiain. A good example is the characteristics
of incendive sandstone. Although the criteria
according to which sandstone (can be
classified to be incendive has been well
published, it still requires significant laboratory
testing and evaluation. It is due to this lack of
capability that angther part of the present
ACARP project is involved with the
establishment of a method {o test stone for its
propensity to ignite methane when struck with
a pick.

Secondly by obfaining the required information
and then answering the questions mine
management obtains a very good indication of
the scope of causative factors that are present
on their mine. The more possible aliernative
causes in such an evaluation the higher the
potential for an ignition.

USE OF THE FRAMEWORK

The effectiveness of the framework was tested
when it was used to determine the possible
reasons for a frictional ignition that occurred in
a Queensland mine as well as to identify
shertcomings in present controls.

In the conducting of this pilot exercise the
foliowing benefits of the risk framework
became evident:

« Allows for a speedy evaluation by directing
attention to the pertinent issues.

« ldentifies the problem issues that the mine
has to focus on.

« |dentifies the information gaps with relation
to the potential for frictional ignitions on
the mine.

«» Allows the real problems leading to the
potential for a frictional ignition to be
identified.
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« identifies those factors that the mine has
an influence over and those that can easily
be soived.

« FEnables a wuser driven transfer of
knowledge and information because of the
interactive nature of using the frarmework.

« Once the mine is familiar with the process
it can very easily be used without outside
assistance.

« Enables control indices to be identified.

DEVISING CONTROLS

When devising controls to manage the risk of
frictional ignitions there are three main areas
of action; preventative, engineering and
training.

Preventative actions are those direcied at
preventing the conditions that cause a
frictional ignition. These actions wili include
removing the methane, eliminating hybrid
mixtures, keeping the picks in a geod
condition, not cutting in either rocf or ficor
stone and using inert gases io prevent the
oxygen being present. Preventative measures
are aiso used when the risk, even when
contrels have been installed, is still too high
and efforts must be directed at containing the
effects of a frictional ignition. The use of active
suppression systems in this case shouid form
part of the preveniative actions taken to
ensure the safety of workers.

Engineering controls are those systems that
are installed to reduce the risk of an frictional
ignition occurring. These actions include the
ensuring that there is adequate ventilation in
the section, use of the right type of pick, use of
machine controls to keep the cutting elements
out of roof and floor stone, installation of the
pick-path sprays and the installation of inert
gas generators to supply inert gas to the
cutting head area. These systems significantly
reduce the risk of a frictional ignition occurring
because they reduce the probability of one of
the causative factors being present.

The final action that can be taken is training.
Training should be directed at increasing the
capability of the workforce by increasing
awareness of the issues leading to a frictional
ignition and by expiaining the roie of measures
taken to reduce the probability of an ignition
occurring.  One of the areas that have been
identified to be wvery important is training
workers to recognise the importance of
maintaining the installed engineering controls,
Even a simple issue like the replacement of a

worn pick is not easy due to the difficulty of
recognising when a pick becomes worn down
to a state where it can more easily produce a
hotspot.

The available literature and engineering
systems that have been developed throughout
the world clearly indicate there is sufficient
measures available to significantly reduce the
probability of a frictional ignition occurring. I
these measures have been installed on 2 mine
and ignitions still oceurring then there are only
two logical outcomes: the instailed systems
are not used and maintained as intended, or
the instaliled systems are inadequate. If the
sysiems are not used according to design or
insufficiently maintained then the mine should
consider measures {o ensure that the
equipment is used so that they fulfil their
purpose. if on the other hand the mine
management is sure that the procedures were
followed and equipment was well maintained
and used according to specification, then it
should consider additional measures like the
installation of a suppression system which will
safeguard workers in the mine even though it
cannot prevent an ignition.

CONCLUSION

The exercises conducted and the discussion
during the risk assessment held to establish
this framework raised some key issues with
regard to the occurrence of frictional ignitions
in the industry.

There are some very knowledgeable persons
in the industry on the subject of frictional
ignitions, however on the whoie there is lack of
knowledge with regard to the issues that lead
to, and are conducive to, frictional ignitions
ocecurring.

Indicators, direct and indirect, of an increased
risk of ignitions have been identified. For
example, the increased occurrence of dust in
the heading can become a. valuable tool in
determining a change in risik. Even though itis
a known fact that an increase of airflow to
diiute the methane could lead to increased
dust pickup the presence of dust on the other
hand indicates that there is insufficient air to
stream the dust away from the face and that
the pick maintenance is less than adeguate
(blunt picks always make more dust than
sharp ones).

The frictional ignition risk framework holds
some significant benefits for the industry. The
use of this framework can greatly assist a mine
to determine the potential for a frictional
ignition. It also indicates if the present controls
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are sufficient, or whether further steps need to
be taken to protect the mine and the workers
in it. The framework also establishes if the
mine has enough mnformation to be able to
properly assess their risk.

Other benefits of the risk framework process
are that it is cost-effective in terms of the
resources required. There is also an indirect
benefit because it fransfers information to the
industry thereby increasing competency of
people in the industry. The use of the
framework to evaluaie the probability of a
frictional ignition at a mine, even though there
‘has not been any previous incident, would
serve to increase the knowledge of the people
involved.

The framework also allows the identification of
possible shortcomings in presently used
controls and forms the basis for pricritising the
implemeniation of controis according o those
that represent the most effective expenditure
of resources whilst ensuring the safety of the
workforce.
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