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MONITORING AND CONTROLLING METHANE HAZARD
IN EXCAVATIONS IN HARD COAL MINES

1. Introduction

At present Polish mining regulations require the use of methane monitors with short or fast
response times for current switchboard types when methane hazards co-exist with rock-burst
hazards [1].

According to regulations the number and location of sensing devices for methane moni-
tors should be consistent with the conditions present in any given monitored area.

In longwalls with a high output concentration, where mining is conducted with a high
methane hazard, the location of methane sensors is not always sufficient. Additional sensors,
not required by regulations, are frequently installed in the longwall. The location of these sen-
sors depends on conditions in this area and the method of ventilation being used. In such cases
it is also necessary to continuously monitor the methane hazard, ventilation, methane drain-
age and control over other hazards during the mining process considering all current safety
parameters. The method of warning and informing miners of an existing hazard should also be
included in the monitoring system of safety and production parameters [2].

Current technical devices and solutions offered by the producers of equipment for the
control of methane hazards are as follows [11]:

— test for methane concentrations in areas with possible hazard, including a hazard caused
by high methane concentrations under a chain conveyor,

— test for methane concentrations in methane drainage pipelines,

— possibility and necessity of automatic control of a methane drainage system depending on
methane concentrations in pipelines and longwalls,

— test for air velocity in longwalls and methane concentration resulting from changes in air flow,

— condition of air stoppings, which affect the intensity of longwall ventilation and changes
in aerodynamic potential distribution in the area of longwall,

— measurement of other gases’ content (e.g. oxygen, carbon monoxide, carbon dioxide) if
there is a possibility of such a hazard.

AGH University of Science and Technology, Krakow; szlazak@agh.edu.pl; borowski@agh.edu.pl;
swolkien@agh.edu.pl; mkorzec@agh.edu.pl

105



2. Methane hazard control in other countries

Technical and legislative solutions concerning mining works during natural hazards
depend on the range, method and intensity of mining works conducted. The specific
character of mining works in a given country will often vary. Requirements concerning
methane hazard control in selected countries, however, could also be applied to conditions
in Polish mine workings. The next part of the article discusses the principles of methane
hazard control in such selected countries.

2.1. The United States of America

All underground mines and surface plants are classified as belonging to one of the cat-
egories or sub-categories in order to protect workers from methane hazards. The criterion
of methane hazard classification depends on the kind of minerals being mined, from which
methane can be emitted into underground excavations as well as the type mining work be-
ing conducted. Regulations define six categories, out of which thel®, 2" and 5" category
to a great extent conform to the standards in hard coal mines. Within the categories, sub-
categories I-A, I-Band I-C are also defined [3].

A methane hazard is estimated by measuring methane concentrations both by means
of tests conducted by a qualified person and by gas monitors.

Federal regulations (Title 30 Code of Federal Regulations, No. 30) concerning min-
eral resources [3] include work safety regulations in mines.

According to those regulations, methane concentration should be measured at least
30 cm from the roof, face, ribs and floor. In working places with air intake courses, meth-
ane concentration should be measured, and if a 1% methane concentration is reached or
exceeded, electrically powered equipment in the affected area should be de-energized,
mechanized equipment should be shut off (except intrinsically safe atmospheric monitor-
ing systems) changes or adjustments should be made at once to the ventilation system to
reduce the concentration of methane to less than 1% No other work is permitted in the af-
fected area until the methane concentration is less than 1%

When 1.5% or more methane is present in a work place or an air intake course, includ-
ing an air course in which a belt conveyor is located, or in an area where mechanized min-
ing equipment is being installed or removed; everyone except those referred to in §104(c)
of the Act should be withdrawn from the affected area; and except for intrinsically safe
AMS, electrically powered equipment in the affected area should be disconnected at the
power source. Sensing devices in excavations with intake air course to the affected area
should send out warnings at about 1% concentration; and when the methane concentration
reaches 1.5%, sensors should send out both sound and visual signals.

In excavations with belt conveyors in the air intake, sensing devices should be located
upwind in the belt entry at a defined distance from the mixing point where intake air is
mixed with the belt air, at or near the tailpiece. In the case of auxiliary ventilation, a sens-
ing device is installed about 90 m behind the suction fan in the return air flow split between
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a point in the return, opposite the section loading point, and where that split of air meets
another split of air, or where the split of air is used to ventilate seals or worked-out areas.

When methane concentrations reach or exceed 1.5% in the return air flow from mined
areas, the ventilating regulation system should be altered to reduce methane concentrations.
Everyone except those referred to in §104(c) of the Act should be withdrawn from the af-
fected area and (other than intrinsically safe AMS, equipment in the affected area should be
de-energized, electric power should be disconnected at the power source, and other mecha-
nized equipment (other than intrinsically safe AMS) should be shut off.

No other work is permitted in the affected area until methane concentration in the return
air is less than 1.5% In case of using methane monitors, a sensing device should give off
a warning sound and visual signal when methane concentration exceeds 1.5%.

Methane monitors should be installed on all face cutting machines, continuous miners,
longwall face equipment, loading machines, and other mechanized equipment used to ex-
tract or load coal within a working area. A sensing device for methane monitors on longwall
shearing machines should be installed at the return air end of the longwall face. An additional
sensing device should also be installed on the longwall shearing machine, downwind and
as close to the cutting head as practicable. An alternative location or locations for sensing
devices required on the longwall shearing machine may be approved in the ventilation plan.
When the methane concentration at any methane monitor reaches 1%, the monitor should
give a warning signal. A methane monitor should then automatically de-energize electric
equipment or shut down diesel-powered equipment on which it is mounted when the methane
concentration at any methane monitor reaches 2%. Methane concentrations in the bleeder
split of air, immediately before the air in the split joins another split of air, or in a return air
course should not exceed 2%.

2.2. Australia

Coal deposits in Australia are characterized by various levels of methane content in
coal. Where the methane content in a coal seam is equal to 9 m*/Mg or more are regarded
as highly gaseous. Methane content of coal in coal deposits can even reach 25 m*/Mg [4].

Australian mining regulations [5] describe the principles of recognizing and controlling
methane hazards, which also take into consideration the principles of using mining equip-
ment, machinery and installations when methane hazards are present. The regulations also
define obligations and measures which should be taken during a methane hazard. Permissible
concentration limits, also defined in the regulations, which are a requirement that must be
achieved by ventilation and technical means. There are separate mining regulations for mines
in Queensland province and in New South Wales province.

Mines in Queensland

Mine ventilation systems must ensure that the concentration of methane in a mine not
greater than 2.5%. In ventilated systems there is always a possibility of methane concentra-
tions increasing to above 2.5% if this concentration is short-term and the ventilation system
is able to reduce the concentration below 2.5% quickly.
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Three explosion zones can be distinguished in mines.

1) Separate zone (not endangered) is where the methane concentration can’t exceed
0.25%. In this zone electrical equipment is allowed for work underground without
explosion protection or with protection level of at least IP55 or AS 1939 can be
used.

2) Zone 1 includes longwalls where there is or may be methane concentrations rang-
ing from 0.5% to 2%. In this zone electrical equipment allowed for work underground
with explosion protection can be used.

3) Zone 0 includes longwalls where there is more methane in air and a methane con-
centration of 2% can be exceeded. Zone 1 becomes zone 0 if methane concentration
exceeds 2%. In this zone electrical equipment allowed for work underground with
explosion protection Ex ia, Ex s or Ex I can be used.

Methane concentration in air intakes coming to zones 1 and 0 cannot be greater than
0.5%. The volume of air flowing to the longwall face must have a methane dilution below
2% in the longwall face and below 1.25% at the exit from the auxiliary fans when exhaust-
ing ventilation is used.

Methane concentrations must be controlled at the outlet from a mining area, from an
area of old, non sealed goafs or old longwalls, at the outlet from each gallery, where mined
material is transported and in other places described in a methane safety plan. A gas moni-
toring system must have an independent supply in case electric supply is de-energized in
the area.

At least one methane sensor must be located in the intake air course in front of zone lor
between two separate zones. When a methane concentration of 0.25% is exceeded, a detec-
tor must give off a visible signal. When a methane concentration 0.5% is exceeded, a de-
tector de-energizesall machinery both in a separate zone and in zone 0.

A methane sensor is also built into the return air flow channel both from the longwall
and the ventilation area.

Sensing devices at the inlet and outlet from a longwall de-energize sensors when the
methane concentration exceeds 2%. Sensors at the outlet from an area or in main return air
are included in a methane protection plan of a mine.

Roadway heading machines must also be equipped with at least one methane sensor
of alarm level 1% and de-energize at 2%. Sensors of a similar range are used with different
machines and electric equipment.

A shearer must be equipped with at least one methane sensor with 1% alarm level and
de-energizing a shearer at a level of 1.25% methane concentration and other equipment
and machinery at methane concentrations above 2%.

Battery or diesel-powered vehicles should also be equipped with methane sensors
with a 1.0% alarm level and de-energize when methane concentration exceed 1.25%. If the
methane concentration exceeds 1% a vehicle operator has to withdraw it to an air stream
with methane concentrations below 1%. Vehicles especially adjusted to separate (not en-
dangered zones) are also equipped with methane sensors with a 0.25% alarm level and
de-energize at methane concentrations above 0.5%.
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Methane concentrations in air flowing through the main or auxiliary fan cannot exceed
permissible limits. The main or auxiliary fan must be monitored and a methane concentra-
tion detector must have a display and a visible alarm incase permissible methane limits
are exceeded. The permissible methane limit in air flowing through underground auxiliary
fans is 1.25%.

Mines in New South Wales

A methane hazard zone is determined in mines. This zone includes all roadways with
return air and roadways with air intakes at a distance of 100 m from a longwall face. The
zone may be expanded if at least 2 methane sensors in an excavation indicate a methane
concentration above 0.25% for at least 2 days.

A ventilation system must ensure the methane concentration in air intakes is not great-
er than 0.25% and in a hazard zone not greater than 2%.

During development work, the permissible methane concentration limit in air intake
leading to mining areas (at the inlet to explosion hazard zone) is 0.5%. Air intakes leading
to heading faces must ensure methane dilution below 2% in the heading face and below
1.25% methane at the outlet from auxiliary fans with exhausting ventilation.

In air intakes leading to mining areas, the permissible methane concentration limit is
0.25%. In excavations with methane hazard, permissible methane concentration limit is 1%.

In heading faces and longwalls the permissible methane concentration limits 2%. Me-
thane concentrations cannot exceed 2% where intrinsically safe AMS are built in. Warning
sensors with a visible alarm and sensors de-energizing machinery and electric equipment
should be used in a methane safety system. In case of shearers, methane sensors de-ener-
gizing a shearer at 1.25% methane concentration are used.

Over roadway heading machinery, a methane sensor warning set at about 1% methane
concentration and de-energizing machinery in the heading face will react when the meth-
ane concentration reaches 2% should be used.

Diesel-powered machinery used in the return air flow must be equipped with a meth-
ane sensor warning when the methane concentration reaches or exceeds 1%.

2.3. Russia and Ukraine

Both in Russia the Ukraine mining works at longwalls can be conducted until the
methane concentration reaches 1% [6]. Regulations specifically define what measures
should be taken when the methane concentration exceeds 1%. Methane concentrations in
underground mine workings and pipelines must be carried out in accordance with the val-
ues given in Table 1. When calculating a ventilation system, maximum permissible meth-
ane concentration limits equal to 1% are assumed, no matter what measurement methods
are used.

Methane sensors should be located at the headgate and at the tailgate of a longwall.
However, in driven roadways, sensors should be placed in the heading face and should hang
at 1.6 m. An additional sensor should be built in 2 m in front of the fan.
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TABLE 1

Methane concentrations in underground mine workings and pipelines

Air stream in a mine working or an air duct Methane concentration limit, [%]

Outlet from a driven roadway, chambers, depot 1.0

Tailgate without AMS equipment 1.0

Tailgate with AMS equipment 1.3

In upcast shaft 0.75

Inlet to a longwall and driven roadway, chamber, depot 0.5

Local methane accumulation in longwalls and driver roadways below 2.0

Outlet from an air mixing unit below 2.0

Pipelines for methane drainage from injectors’ station 35

Methane drainage pipelines below 3.5 and above 25

3. Estimation of methane hazard resulting
from binding legal regulations in Poland

Polish hard coal mines estimate a methane hazard in accordance with Polish Ordinance
of the Minister in charge of the Economy of 28" June 2002 on occupational safety and health,
operation and special fire provisions in underground coal mines (legal status from 14" August
2010) [1].

In Polish conditions, regulations define permissible methane concentration limits in min-
ing air. Regulations define how and where methane concentration in mining air is controlled.
The method for protecting electrical devices by means of methane monitors is also defined.

The next part of this article presents examples of the location of sensors in mining excava-
tions with auxiliary ventilation and in longwalls.

3.1. Mining excavations with auxiliary ventilation

In methane fields, electric devices in a blind drift must be protected by methane monitor
sensors de-energizing these devices. Detailed principles of building in methane sensors are de-
fined in telemetric protection documentation of driven roadways. De-energizing auxiliary fans
and de-energizing electrical devices in the heading face (except intrinsically safe atmospheric
monitoring systems) should be used at all times.

In driven roadways which are more than 15 m long, de-energizing — registering methane
sensors controlling methane concentrations under the roof of a drift are built in:

— when the heading face is ventilated by forcing auxiliary ventilation at a distance not great-
er than 10 m from the heading face, where methane concentration is greatest,

— when the heading face is ventilated by exhausting auxiliary ventilation between the inlet to
the air duct and the heading face — at a distance not greater than 6 m from the heading face.

At the inlet to driven roadways over 25 m long a de-energizing — registering methane sen-

sor is built in under the roof of a drift at a distance of 10 m to 15 m from the crossroads of an
excavation with the main ventilation system.
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Sensors should de-energize a roadway heading machine when a 1% methane concentra-
tion is exceeded. Moreover, in fields with a II-IV category methane hazard, additional methane
sensors taking continuous measurements, built in on the cutting head, capable of de-energizing
when the methane concentration exceeds 2%, should be used.

In the case of digging consolidated rocks that are not very likely to spark, roadways cannot
be driven by a roadway heading machine if the methane concentration in the light of cross-
-section exceeds 0.5% or methane is accumulated under the roof at a distance to 50 m from the
heading face.

All the remaining machinery and electrical-powered equipment are de-energized by sen-
sors when a 2% methane concentration is exceeded when a ventilation system with forcing
auxiliary ventilation is used. If exhausting auxiliary ventilation is used, methane sensors should
de-energize electric devices when methane concentration exceeds 1%.

In excavations with combined auxiliary ventilation, where dusting installation is used,
methane sensors are also built in on the return air flow from the dusting installation and under
the roof of a drift, in the zone of overlapping air ducts. These sensors are supposed to de-ener-
gize electric devices in excavation zones when the methane concentration exceeds 1%.

In accordance with binding mining regulations [1] methane concentrations should be meas-
ured by portable methane sensors, which should be carried out by miners working at heading
faces and methane engineers. Regulations define in detail the method and frequency of control.

Additional auxiliary ventilation systems should be used if the methane hazard increases
above the forecasted methane-bearing capacity [7]. These devices are supposed to get rid of
accumulated methane under the roof. In such cases, an air ejector, a cyclone, a perforated pump
powered from a compressed air pipeline or an air ventilator are used. Air must be forced to-
wards the spot where methane is emitted.

Examples of location of methane sensors in driven roadways with forcing auxiliary venti-
lation are presented in Figure 1 and with exhausting auxiliary ventilation in Figure 2.
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Fig. 1. Location of methane sensors in driven Tail entry 22
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Fig. 2. Location of methane sensors in driven Belt entry 5

3.2. Longwalls with U and Y ventilation systems

CH, sensor
0-15%

Mining regulations [1] define in detail the location of methane monitor sensors in long-
walls. The method of localizing methane sensors depends on a longwall ventilation system.
The principles of localizing sensors are presented on the example of two longwalls ventilated
by a U ventilation system and one longwall ventilated by a Y system. Figure 3 presents the
scheme of ventilation and location of methane sensors in longwall D-2, seam 409/3.
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Fig. 3. Location of methane sensors in longwall D-2 in seam 409/3
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The location of methane monitor sensors may depend on local conditions in a given
longwall as well as on the location of additional auxiliary ventilation equipment, which is
built in order not to allow for the accumulation of hazardous methane concentrations at cross-
roads of longwalls with main gates. Figure 4 presents an example of the location of methane
monitor sensors and auxiliary ventilation equipment at the tailgate of the longwall D-2.
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Fig. 4. Location of methane sensors and auxiliary ventilation equipment at the tailgate
of longwall D-2 in seam 409/3

Auxiliary equipment includes brattices, splitting boards which are supposed to direct
a part of air, in are as with low methane concentration, flowing in a longwall towards goaf
[8—10] and to mix it with high methane content air flowing out of goaf. This is the most fre-
quently used form of auxiliary ventilation equipment but it is not very effective, as the air
velocity along a brattice or a splitting board is low and methane emissions from goaf are high.
Therefore, the length of methane mixing course is very large.

Its effectiveness is greater if air flowing out of longwall goaf contains smaller amounts
of methane, or if a splitting board is used simultaneously with other dynamic auxiliary
ventilation equipment, such as air pumps or fans with a short air duct. When mining thin
coal seams, air will flow out of the longwall to the crossroads with a roadway, generating
a greater velocity at the roadway floor; however, air from longwall goaf can flow at the
roof of a drift. Air mixing will take place when air pumps generating greater air spinning
are used.

Figure 5 presents the location of both ventilation systems and methane sensors in long-
wall F-1 in seam 406/1 with U ventilation system and Figure 6 presents the location of
methane monitor sensors and auxiliary ventilation equipment in the tailgate of this longwall.
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Figure 7 presents the location of ventilation systems and methane sensors in longwall
G-4 in seam 4121g with Y ventilation system.
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Fig. 7. Location of methane sensors in longwall G-4 in seam 412tg

4. Summary

In Polish hard coal mines the methane hazard is estimated in accordance with Polish
Ordinance of the Minister in charge of the Economy of 28 June 2002 On Occupational Safety
And Health, Operation And Special Fire Provisions In Underground Coal Mines [1].

The methane hazard is estimated mainly on the basis of the results of measurements taken
by means of methane monitor sensors in longwalls and driven roadways. Sensors are located
according to Polish Ordinance of the Minister in charge of the Economy and in case of areas
with a great methane hazard additional sensors are located in extremely hazardous places.
The location of sensors also depends on a longwall ventilation system.

Systems of auxiliary ventilation equipment are used in coal mines to avoid the
accumulation of hazardous methane concentrations at the tailgate of longwalls.

In most countries mining coal, methane concentrations are controlled at the cross-section
of excavations that have an active ventilation system and mining works in longwalls and
driven roadways can be conducted when methane concentration range from 1% to 2%. If the
methane concentration exceeds this limit, mining by means of shearers and roadway heading
machines must be stopped. Regulations in all countries define in detail the measures that
should be taken when the methane concentration exceeds these limits.
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The differences in mining regulations in different countries result from using different
mining systems, driving roadways and coal transport as well as different concentrations of
methane contained in the material being extracted.
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