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GUIDELINES FOR THE CONTROL AND MONITORING OF
METHANE GAS ON CONTINUOUS MINING OPERATIONS

Taylor CD; Chilton JE; and Goodman GVR

National Institute for Occupational Safety and Health
Office of Mine Safety and Health Research
Pittsburgh, PA

EXECUTIVE SUMMARY

Until the early 1980s, mine face ventilation systems were designed for ventilating cutting depths
up to 20 feet. Since that time, use of remotely operated mining machines have allowed cutting
depths to increase to 40 ft, increasing concerns about the effects on methane levels at the mine
face area. The principles for efficient methane control during deeper cutting remained the same,
namely

e Move a sufficient quantity of intake air from the end of the tubing or curtain to the face.
e Mix intake air with methane gas liberated at the face.
e Move methane contaminated air away from the face.

However, when cutting to depths greater than 20 ft (known as deep-cut mining), airflow
quantities reaching the face area often decreased because it was difficult to maintain tubing or
brattice setback distances. Earlier research showed that use of machine-mounted scrubbers and
water sprays increased airflow at the face area during deep cutting. NIOSH research examined
how these and other factors affected face airflow. A full-scale ventilation test gallery was used to
study how different operating conditions caused airflow patterns and methane distributions near
the face to vary.

The research results showed that during deep-cut mining'

e Without additional controls, only a small percentage of the air delivered to the end of the
tubing or curtain reached the face area.

e Operation of a machine-mounted scrubber increased airflow and reduced methane levels
at the face area as long as the quantity of intake air delivered to the end of the curtain or
tubing was not reduced.

e Operation of water sprays did not significantly increase the volume of air reaching the
face but did improve mixing of methane and intake air at the face.

Methane monitoring requirements remained the same for deep cutting, but the possibility of
rapidly changing conditions at the face increases the need for accurate estimates of face methane

! The findings and conclusions in this report are those of the authors and do not necessarily represent the views of
the National Institute for Occupational Safety and Health. Mention of any company or product does not constitute
endorsement by NIOSH.



concentration. Research examined currently available instrumentation and sampling methods for
monitoring methane at the face.

The results from this NIOSH research program demonstrate how existing and new engineering
controls can be used to reduce face methane levels. The sampling methods that were investigated
can provide better ways to measure methane levels near the front of the continuous mining
machine.

In this report several practical guidelines are recommended for controlling and monitoring
methane levels in the face areas of underground coal mines. Most of the recommendations were
based on studies conducted in the NIOSH ventilation test gallery.

e Free-standing fans can be used to ventilate empty headings in coal mines.
o The fan nozzle should be designed to provide maximum throw distance.
o Recirculation should be minimized by proper placement of fan inlet and or by placing
curtains partway across the entry.

e With blowing systems, the single most important factor on face methane dilution is the
velocity of the air directed toward the face.
o For the same airflows, use of tubing rather than a curtain usually provides better
control of face methane, especially at longer setback distances.

e With blowing and exhausting systems, and with the mining machine at the face, use of
scrubbers increases the amount of intake airflow reaching the mining face.
o Scrubber and spray systems should be designed to achieve efficient face ventilation
for the effective removal of gas from the face.

e Measurement of airflow speed and direction between the curtain and the face helps to
predict methane concentrations in the face area.
o In empty entries, airflow velocity is much lower in narrower entries. More airflow
should be provided during box cuts to prevent higher methane levels.

e Regardless of intake flow quantity, increasing scrubber flow will reduce face methane
levels if recirculation is controlled. Recirculation can be controlled by
o Minimizing leakage around the ventilation curtain.
o Directing scrubber exhaust away from the blowing curtain. With exhaust systems the
mouth of the curtain should always be outby the scrubber exhaust.

e Water sprays on the mining machine should be directed to provide the best airflow across
the entire face.

e Methanometer response times can be measured using either of two techniques developed
by NIOSH. Instruments with shorter response times more accurately measure current
methane levels. Dust cap design has the greatest effect on response times.

o When selecting a methanometer the dust cap design should be examined. The cap
should protect the methane sensor from dust and water but not significantly increase
the response time.



e Alternative methane sampling locations on the mining machine should be compared and
selected based on the relative protection provided to the face workers.

e Mine personnel should be provided with methane monitors that can be worn while
working in areas that cannot be regularly monitored. Audible, visual, and vibratory
alarms for the monitors should be evaluated based on the environment in which the
instruments are used.

e Miners must be safely removed from a mine without exposure to excessive methane
following stoppage of a main fan.
o Mines should be evaluated for the most likely area where methane gas can
accumulate following stoppage of a main mine fan.

e In areas between the mouth of the ventilation curtain and the face, airflow direction is
constantly changing and it is difficult to accurately measure flow velocity with a single-
axis anemometer (e.g., a vane anemometer).

o Following approval for underground use, multi-axis anemometers should be used to
monitor airflow direction and velocity between the mouth of the ventilation curtain or
tubing and the face. Multi-axis instruments should also be used to monitor flow at
locations outby the mining face.

e During roof bolting, if it is not practical to monitor methane levels at the mining face,
methane levels should be measured with a bolter machine-mounted monitor and a
detector held 16 ft inby the last row of bolts using a extensible pole.

BACKGROUND

The U.S. Bureau of Mines (USBM) was formed in 1910 following a series of underground
explosions that resulted in many fatalities and injuries [Kirk 1996]. Most of the explosions were
the result of unsafe practices that occurred throughout the mines. Early USBM research focused
on reducing the sources of the ignitions, such as non-permissible explosives and open cap lamps.
As a result, there was a significant reduction in the number of explosions. However, it wasn’t
until years later that the importance of ventilation for controlling underground methane levels
was recognized.

For many years, it was considered inevitable that explosive mixtures of methane would
accumulate in the face areas of underground coal mines. Prior to mechanization, the rate at
which methane was released into the mines was relatively slow. The amount of air provided to
working places was small and was determined based on health requirements of the workers and
animals and not for control of methane [USBM 1938; USBM 1940]. In fact, relatively small
quantities of fresh air were needed to dilute the amount of gas released from the face.

The introduction of conventional mining methods was an important step in the mechanization of
mining, which increased the rate of mining. But the intermittent nature of the conventional
mining process usually allowed time for methane gas to be dispersed without the need for
significant improvements in ventilation.



It was not until mines began to use continuous mining machines that higher methane levels
became an issue and the need for better face area ventilation was recognized. The USBM
recognized the importance of ventilation research.

“... The need is especially great in connection with the introduction of the newly
developed continuous mining machines in America which advances the working
face so rapidly that very large volumes of methane may be released requiring
special auxiliary ventilation in the working places to prevent occurrence of
flammable concentrations of methane in the mine air” [USBM 1950].

The number of face ignitions increased as more continuous mining machines were placed
underground. USBM sampling at mining faces showed the seriousness of the methane problem.
Methane levels were dangerously high [USBM 1958]. In some cases (Figure 1), methane
concentrations measured 20 ft from the mining face exceeded the lower explosive limit (5% by
volume).

USBM Research 1950 to 1969

As early as the 1950s, there was general agreement that methane control on sections using
continuous mining machines could only be achieved by providing more air to the face and
improving mixing of the air at the front of the machine. Early research focused on ways to get
more air to the mining face. This work showed the benefits of using blowing versus exhaust
ventilation for methane control [Patterson 1961].

METHANE, pct

0 60 120 180 240 300
ELAPSED TIME, DURING STUDY, min

Figure 1. Methane concentrations measured in face area [USBM 1958].

Until the 1960s, curtains were the preferred method for directing air to the face. Most early
curtain systems were also very inefficient, with as much as 95% of the air lost due to fabric
porosity and leakage at the top and bottom of the curtain. Early research studies demonstrated
how curtain installation techniques could be improved and recommended curtain materials that
were less porous [USBM 1966].

The size of the mining machines made it difficult to build and maintain a curtain close to the face
without interfering with machine movement in the entry. One solution was to use tubing, which
required less space, to deliver air to the face. But ventilation tubing required use of auxiliary
fans, which initially were banned from mines due to safety concerns.



The USBM obtained permission to use auxiliary fans in selected mines and demonstrated the
advantages of using tubing for face ventilation. Tubing was easier to handle than curtain systems
and required less space to install. In 1953, the Federal Mine Safety Code allowed the use of
auxiliary fans. USBM testing examined the best ways to use tubing for face ventilation [USBM
1968].

Improving airflow to the face area was not enough. Some means for monitoring face methane
levels were needed to assure methane levels were not dangerously high. The USBM recognized
the need for better methane monitoring at the face area.

“A desirable development would be the equipping of these [continuous] mining
machines with a dependable automatic instrument for detection and warning of
the presence of methane in concentrations approaching the lower explosive limit”
[USBM 1950].

In 1958, the USBM initiated programs to develop a methane detecting system that would provide
continuous monitoring of methane at the mining face [James 1959]. With this development,

eventually all mining machines were required to be equipped with machine-mounted methane
monitors [30 CFR 75.342(a)(1)].

USBM Research 1970 to 1995

The Federal Coal Mine Health and Safety Act of 1969 established operating standards for coal
mine ventilation and set the maximum methane concentration permitted in the face area.
Regulations published in Title 30, Part 75 of the Code of Federal Regulations mandated a
minimum quantity of air reaching the face (3,000 ft*/min), the maximum curtain setback distance
(10 feet), and the maximum allowable methane concentration at the face (1% by volume).

The 1969 Act also set a maximum limit for airborne dust. Although the 1969 Act did not reduce
the importance of ventilation for methane control, most mines in the 1970s placed an emphasis
on improving ventilation for dust control. Several USBM studies emphasized the benefit of using
exhaust ventilation for dust control [USBM 1969b; Mundell 1977]. But studies also showed that
when exhaust ventilation was used and setback distances were greater than 10 ft, face area
methane levels would increase [USBM 1969a]. Push-pull systems, which used both blowing and
exhausting ventilation, were effective for both dust and methane control, but the additional
required equipment made them impractical to use in most mining sections.
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Figure 2. Extensible curtain suspended from a rail and rollers.

In most cases the curtain setback distance was set at 10 ft at the beginning of the cut but
increased as the machine progressed into the cut. Tests were conducted to develop extensible
ventilation devices that could be advanced during mining by workers from locations under
supported roof systems. One example is the extensible curtain system illustrated in Figure 2.
When using tubing, a 10- to 15-ft length of ventilation tube, known as a slider, is pulled from the
outer slightly larger-diameter tube as mining advances.

Originally the extensible systems were designed for use with exhaust face ventilation. However,
there was considerable leakage at the roof, making them much less effective for diluting methane
at the face. An extensible curtain used with blowing ventilation was more efficient for
maintaining delivery of airflow to the face area.

Although more airflow could be provided to the mining face area with blowing ventilation,
compliance with the respirable dust standard was more difficult. In the early 1970s, the USBM
and private industry began to experiment with machine-mounted dust collectors used with
blowing face ventilation [Gillies 1982; USBM 1973]. These collectors

o Extracted dusty air from the face area through the use of fans.
o Removed the dust from the air with some type of filter or wetted fan.
e Exhausted the clean air at the rear of the mining machine.

Laboratory and underground studies showed that the flooded bed scrubber design in Figure 3
was best suited for dust reduction when mounted on a mining machine. When using the machine-
mounted scrubber with blowing ventilation, it was possible to comply with the dust standard.



Filter Panel

Dusty Air
Intake

Figure 3. Flooded bed scrubber design.

On sections using exhaust ventilation, methane control was still a problem when setback
distances exceeded 10 ft. Experiments had shown that machine-mounted water sprays used for
dust control could move considerable quantities of air (Figure 4). When groups of these sprays
were properly directed, airflow across the face area increased. Known as a spray fan system,
these water sprays were effective for diluting and removing methane released at the face [Kissell
1979]. Most mines using exhaust ventilation installed some version of the spray fan system on
their mining machines.

Key

—=7 Airflow over boom
==y Airflow under boom
—+ Spray direction

Figure 4. Spray fan system used to move air across the face.

By the 1980s, the USBM had demonstrated the basic engineering techniques needed to control
both methane and dust at the mining face area. Typically, exhaust and blowing ventilation
systems were used with 10- and 20-ft setback distances, respectively. Cutting depths had to be
limited to 20 ft to prevent the miner operator from working under an unsupported roof.

During the 1980s, manufacturers began to equip continuous mining equipment with wireless
remote control devices, which allowed the operator to be positioned outby and away from the
machine. From this location, the operator could cut to depths exceeding 20 ft without being
exposed to an unsupported roof. The Mine Safety and Health Administration (MSHA) permitted
cutting depths greater than 20 ft, referred to as deep-cut mining, when the machine was operated
remotely.

Most mines using deep-cut mining used blowing ventilation because it was easier to maintain
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adequate face area airflow at greater setback distances. Use of a machine-mounted scrubber
further improved face area airflow. For mines using extended cutting with exhaust ventilation,
use of the spray fan system improved face ventilation and reduced methane levels when
ventilation setback distances exceeded 20 ft [Volkwein and Thimons 1986; USBM 1987].

NIOSH Research 1996 to Present

The Bureau of Mines continued its mining health and safety research program until 1996 when
these functions were transferred to NIOSH. Since this time, research has evaluated how various
engineering controls such as scrubber and water sprays can be used more effectively to improve
face ventilation. Although the results were intended for deep-cut mining systems, the benefits
can be realized by any operation using room and pillar mining systems. Methods for improving
methane and airflow monitoring systems were developed and used to evaluate the effectiveness
of mine face ventilation systems and improve the safety of underground workers.

TEST FACILITIES

Introduction

When possible, the effectiveness of a ventilation system to control methane should be evaluated
in an underground mine. However, it is often preferable to conduct tests in a surface test facility
where operating conditions can be controlled and varied as desired.

The NIOSH ventilation test gallery was initially designed as a facility where deep-cut face
ventilation research could be conducted. In this test gallery, airflow conditions can be varied to
simulate a wide range of ventilation conditions found in face areas. Methane is released at
controlled rates and measured at multiple locations to study the effects of airflow on methane
distributions inby the curtain. Airflow monitoring instruments have been adapted for measuring
airflow direction and speed. The test gallery and monitoring equipment are described in the
following sections.

Ventilation Test Gallery

The ventilation test gallery, a full-scale facility, is located in an “L-shaped” building (Figure 5).
The height of the test area is 7 ft and the width is 16% ft. Entry width can be reduced by building
walls made of curtain and wood. An airtight wall that is built across the entry simulates the
working face of a mine.

A vane-axial fan with a flow capacity of 12,500 ft*/min draws air into and through the test
gallery. Tests are conducted with either blowing or exhausting face ventilation using curtains or
tubing to direct air to the simulated face. Airflow is varied by opening and closing regulator
doors. An auxiliary fan with a vane-inlet controller is used to provide tubing airflow.
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Figure 5. Ventilation test gallery.
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Model Mining Machine

Full-scale model mining and roof bolting machines are used in the test gallery to simulate mining
activity at the face. Both models are built of wood and covered with curtain material. The mining
machine (Figure 6) has approximately the same outside dimensions as a Joy 14CM minus the

rear loading boom. The miner was made in three wheel-mounted sections to facilitate movement.

The mining machine is equipped with a simulated dust scrubber and water sprays. The scrubber
produces airflow similar to an actual scrubber. Two vane axial fans, with a combined flow
capacity of 12,000 ft’/min, draw air into inlets located near the front of the machine and exhaust
it at the right rear of the machine. Orifice plates placed in the scrubber ducting are used to adjust
flow quantity.

Scrubber inlet —‘\‘

Scrubber exhaust

Scrubber fans
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Figure 6. Model mining machine showing scrubber.
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Spray manifolds are mounted on the top, sides, and under the boom of the mining machine
(Figure 7). A centrifugal pump provides water pressures up to 170 psi.

Top Sprays
(Straight and Angled)

Side Sprays

Bottom Sprays

Figure 7. Water sprays on model mining machine.

Model Roof Bolter

The model roof bolting machine is slightly narrower than a typical bolting machine (Figure 8).
Cutting booms and an automated temporary roof support extend from the front of the machine.

7'- 8" 12-0"
10-10" JS
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Figure 8. Model roof bolting machine.

Methane Distribution in the Test Gallery

Methane gas can be released from any location in an underground coal seam, but the location
having the highest liberation rate is usually the active mining face. A uniform release of gas from
the face is simulated in the test gallery using a manifold (Figure 9) consisting of four horizontally
positioned 12-ft long copper pipes, which are located 4 inches from the simulated face. The pipes
are equally spaced and perforated on top and bottom with 2-mm (1/16 in) diameter holes placed
2 in apart. To simulate a point gas source, methane is released through a hose nozzle. Gas flow
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rates are set and monitored using a rotameter. Unless otherwise noted, a constant methane flow
was maintained for the duration of a s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>