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The Bureau of Mines performed a study to 
determine optimal locations for longwall face 
methane monitoring equipment. Longwall face 
ignitions continue to be a concern to the U. S. 
coal mining industry. Gains in ignition control 
technology have been somewhat negated by 
advances in longwall productivity. More reliable, 
heavy-duty longwall face systems generate higher 
production rates and increase methane liberation 
rates. These rates will likely continue to rise in the 
future as further coal production increases occur. 
Efforts will continue in the areas of methane 
drainage, methane containment, and methane 
dilution. In addition, more effective face methane 
monitoring is needed. As technology continues 
toward automated longwall panels, the importance 
of monitoring for methane at the shearer becomes 
even more significant. Since the primary face 
ignition source is the shearer mining machine, the 
Bureau ran tests to determine the best location to 
take methane readings on the shearer. This 
information, in conjunction with data obtained from 
field studies, provides a knowledge base for 
selecting optimum face methane monitoring 
locations. 

INTRODUCTION 

Face ignitions are a concern for many U. S. 
longwalls and will continue to be until better 
control technology can be developed or until 
reliable and accurate knowledge can be provided 
as to when an explosive concentration is present. 
Figure 1 shows the number of reported U. S. 
underground longwall ignitions from 1980 to 1990. 
The number of longwall panels have remained 
relatively constant over this time period with 89 
reported in 1980 , compared to 96 in 1990. In 
spite of technological improvements in mining over 
the past decade, no significant reduction in the 
number of longwall face ignitions has occurred. 
One factor contributing to this is that the U. S. coal 
industry is mining gassier seams causing methane 
liberation rates on the average to be higher 
(Trevits, 1991; Grau, 1987). Another factor is the 

development and implementation of more reliable, 
heavy-duty longwall face systems that are 
generating higher production rates and higher 
methane liberation rates. Additionally, the average 
panel width in 1991 was 714 ft; a 44 pet increase 
from 1980 when faces averaged a width of 495 ft 
(Merritt, 1992). Increases in panel width also 
impact total face methane emissions. 

32.-------------------------------~ 

28 

~ 24 
o 
~ 20 
2 
~ 16 o 
a: 
::: 12 
2 
:> 
Z 8 

4 

Figure 1. Frictional ignitions on longwalls from 
1980 -1990. 

There have been substantial advances in control 
technology in the areas of methane drainage, 
methane containment, and methane dilution. In 
some mines, efforts to drain methane in advance 
of mining have proven effective, but geological 
conditions often preclude this approach (McCall, 
1984; Ely, 1989). In other cases, ventilation air 
quantities of over 100,000 tt' jmin and face 
velocities of over 1,000 ftjmin have been 
implemented on longwall panels. Other operations 
have implemented anti-ignition spray systems 
which use water sprays behind each cutting bit to 
quench the hot streaks created from cutting non­
coal materials (Courtney, 1990). Other control 
techniques, such as the modified shearer clearer 
system and ventilated drum, have been used to 
increase the amount of turbulence and ventilation 
around the cutting drums, thus reducing methane 
levels (Cecala, 1986; Divers, 1987). 
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The Bureau of Mines was recently involved in a 
coordinated effort with a western coal operation to 
reduce ignitions on their longwall section through 
the implementation of several control technologies 
(Cecala, 1988). This effort consisted of: 
installation of anti-ignition sprays on both cutting 
drums, a reduction in drum speeds from 33 to 
22.5 rpm, use of a modified shearer clearer 
system, increasing the face velocity by 50 ft/min, 
decreasing cutting depth from 32 to 16 in, and 
slowing the tram speed during gate road cutouts. 
This work was successful in reducing the number 
of ignitions from 16 to just 2 over a similar 4 month 
time period. The development and implementation 
of new engineering control techniques should 
continue to be pursued in an effort to reduce 
methane ignitions. However, until techniques are 
developed that are 100 pct effective, it is important 
to effectively monitor for methane. 

Two factors to consider when deciding where 
methane monitoring equipment should be located 
on longwall faces are methane concentrations and 
response times. Methane sources need to be 
considered when evaluating these two factors. 
There are four sources of methane contamination: 
methane liberated by the shearer during mining, 
methane emissions from face bleeding, methane 
already present in the ventilation airflow when 
entering the longwall panel, and methane flowing 
into the face from the gob area. It has been the 
Bureau's experience that in most mines, the bulk 
of the methane on the face comes from the cutting 
of coal by the shearer. 

Current Federal regulations for longwall sections 
require that a methane monitor be located along 
the working face and give warning at 1.0 pct 
methane and de-energize equipment at 2.0 pct 
(Code of Federal Regulations, 1981). Each time 
this occurs, there is a delay before power can be 
re-activated because a gas check must be 
performed. This can have an adverse impact on 
longwall production levels. U. S. operators have 
chosen to locate this monitor at the tail end of the 
face in the walkway area, usually 3-8 supports 
from the tallgate. 

The shearer is the primary ignition source on 
most longwall sections. The tailgate monitor may 
not effectively or rapidly warn of a potentially high 
concentration at the shearer. A study performed 
by the Bureau of Mines a f~w years ago examined 
methane patterns on various longwall faces 
(Cecala,1985). Figure 2 shows the methane 
concentration recorded by a machine mounted 
monitor during one particular tail-to-head pass. 
During the headgate cutout, methane 
concentrations approached 2.5 pet on the body of 
the machine. At no time during this particular 
pass did the tailgate walkway monitor record a 
concentration over 1.0 pet. Additionally, the delay 
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Figure 2. Methane levels on shearer during tai/-to­
head pass. 

in response time of a tailgate monitor is a 
consideration. This longwall panel was 520 ft in 
width with an average face air velocity of 
810 ft/min. It would take approximately 39 sec for 
the methane gas liberated during the 
headgate cutout to reach the tailgate walkway 
monitor. Such a lengthy response time would 
have minimal impact on reducing the possibility of 
a shearer generated ignition. 

FULL SCALE LONGWALL 
TEST PROCEDURES 

Testing was performed at the full-scale longwall 
test gallery at the Bureau's Pittsburgh Research 
Center. A Joy 1 LS shearer mining machine was 
used for testing and was positioned near the 
center of a 6 ft high face that was approximately 
65 ft in length.' A wood frame structure covered 
with plastic was fabricated to simulate the working 
face area. All testing was performed to simulate a 
tail-to-head cut sequence. For this cut sequence, 
the headside drum was raised and cutting the top 
of the coal seam. The tai/side drum was lowered 
and cutting the bottom as well as loading coal into 
the panline. For this laboratory testing, the 
shearer remained in a stationary location so that 
there was no actual mining of the seam. 

Before each day of testing, all instruments were 
calibrated. This included a hydrocarbon analyzer 
and 2 continuous recording methane monitors. A 
fan was used to ventilate the test chamber. This 
fan provided an airflow along the face of 
approximately 14,000 cfm at a velocity of roughly 
250 ft/min. A continuous recording vane 
anemometer was located in the test chamber to 
assure that face velocities were consistent for aI/ 
tests. Figure 3 shows the layout of the test 
chamber. It indicates the dimensions of the 
chamber and locations of the vane anemometer 
and two continuous recording methane monitors. 

, Reference to specific manufacturers is for 
information only and does not imply endorsement 
by the Bureau of Mines. 
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Figure 3 also indicates the 14 gas sampling 
locations on the shearer mining machine. Sample 
locations 1 through 10 were spaced on 2 ft 
intervals. Two gas sampling locations, 11 and 12, 
not located on the shearer are also indicated. 

For each test, after all instruments were on and 
stabilized, a continuous 7.5 liter Imin volume of 
93 pct methane in air gas mixture was released at 
30 psi. This volume was regulated by a float 
controlled flowmeter connected in series with a 
digital mass flowmeter to assure a consistent and 
accurate release. This gas was simultaneously 
released at eight points in a simulated sump coal 
block to represent the release of methane 
underground as the headside drum cuts the coal. 

Two test series were performed. Test series 
No. 1 determined the variation of gas levels along 
the face side of the shearer at sample locations 1 
through 10 on top of the shearer body. In 
addition, these tests also determined the effects of 
turbulence caused by waters prays on the 
headside drum. Pencil point water sprays were 
used on the headside drum operating with the 
pick point flushing design. These sprays, 
operating at a pressure of 110 psi, delivered 
approximately 16 gpm of water. Test series No.2 
determined gas gradients over the shearer as well 
as how the gas cloud dispersed as it traveled 
downstream. Sample locations used for this test 
series were: 4, 4A, 6, 6A, 8, SA, 10, 10A, 11, and 
12. Sample locations, designated with an A, were 
located 30 in further from the face than the other 
sample locations. Water sprays were always used 
during this second test series. 

For all tests, the order of sampling the various 
locations was randomized using a computer 
generated sequence. An Sliter 1m in air sample 
from each location was drawn through 26 ft of 
3/B-in semi-rigid tubing using 4 constant flow 

sampling pumps, (2 liter/min each). The same 
length of tubing was used from each sampling 
location to eliminate any tubing biases. There was 
a 1.9 sec lag time for a sample to be drawn 
through this tubing. The sample traveled through 
a desiccant chamber to remove any moisture that 
would negatively bias the hydrocarbon analyzer. 
A portion of this sample was then drawn into a 
Meloy Laboratories HC500-2C Hydrocarbon 
Analyzer using 1 IS-in capillary tubing. Each 
location was monitored for a 5 min time period. 
After this was completed, the gas was turned off 
and the test chamber was allowed to clear of gas 
for 2 min before the next sample location was 
monitored. 

Gas concentrations determined by the 
hydrocarbon analyzer were simultaneously 
recorded to a strip chart and solid state 
datalogger. The strip chart recorder allowed test 
personnel to visually determine that everything 
was working properly. Vane anemometer air 
velocity measurements were also recorded on this 
chart. After all locations were sampled, the 
datalogger was transferred to a computer for data 
storage and analysis. For each test series, the 
sampling sequence was repeated in a randomized 
order 7 times to provide for a statistically sound 
database. After all test series were completed, the 
data was then analyzed using commercially 
available data manipulation and statistical software 
packages. 

LABORATORY RESULTS 

Table 1 shows the results of both test series 
performed at the longwall test gallery. Each value 
is the average of 7 different runs for each of the 
sampling locations. 

There were several significant findings from 
these tests. The first test series showed that water 
sprays created a substantial amount of turbulence 
and yielded higher concentrations of methane at 
the gas sampling locations on the top face side of 
the shearer machine than when no sprays were 
used. Figure 4 shows the comparison of methane 
levels at the top face-side monitoring locations (1-
10), with sprays both on and off. The turbulence 
created by the water sprays, which are typically 
used on the shearer, caused higher levels of 
methane at the body of the machine as the gas 
cloud was mixed and was not allowed to remain 
against the face. With water sprays, sample 
location #4 was the first location where gas 
concentrations seemed to reach near peak levels 
on the top of the shearer body. This location was 
approximately 6 ft downstream from the headside 
cowl. Methane levels along the top face side of 
the shearer seemed to remain relatively constant 
from this location (#4) to the end of the shearer 
body (#10). 
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Test #1 Test #2 
CH Concentrations CH Concentrations 

Location ~ater On Water Off Location Water On 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

ppm 

36.5 
27.5 
36.2 
82.9 
65.3 
74.S 
84.7 
82 . 9 
SO.6 
76.7 

SD 

11.3 
9.3 
9.6 

25.2 
17 . 4 
19.0 
10.6 
13 . 0 
11. 7 

7 . 6 

ppm SD 

45.5 14.2 
27.1 8.2 
29.0 7.6 
43.5 10.8 
48.2 9.3 
46.5 13.1 
42.0 7.0 
38.0 7.3 
40.0 6.3 
42 . 0 5.1 

ppm SD 

4 77.7 31.4 
4A 12.6 4 . 4 
6 60.1 16.2 

6A 22.3 8.1 
8 72.8 9.S 

SA 26.8 7.5 
10 70.8 5.7 
lOA 40.7 3.7 
11 S.7 1.5 
12 33.S 9 . 4 

Table 1. Results of laboratory testing. 
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Figure 4. Methane levels at top face-side of 
machine with and without water sprays. 

In cases where there is a substantial build-up of 
coal along the face side of the shearer to the 
extent that a top face-side methane monitor 
sensor head could become buried in coal, another 
location would have to be considered for a 
shearer mounted monitor. Test series No. 2 
(Table 1) evaluated alternative sensor locations on 
the machine that are less likely to be buried or 
damaged. These findings indicate that location 
#10A is probably the best alternative for a shearer 
mounted monitor. The #10A sample location was 
near the gob-side tail end of the shearer machine. 
The gas concentration at this location was 
approximately 50 pct of the concentration at 
sample location #4. 

Also of interest were the gas concentrations at 
sample locations #11 and '#12. Location #11 was 
located 9 ft from the end of the tai/side drum and 
8 ft 6 in from the coal face. This location simulates 
a methane monitor in the walkway of a longwall 
face just downwind of the shearer. Location #11 
averaged 9 ppm during testing, which was 89 pct 
lower than at location #4. 

Location #12 was approximately 23 ft from the 
end of the tailside drum and in the 30 inch exhaust 

tubing. This gas concentration was approximately 
43 pct of the concentration at location #4. This 
was somewhat representative of a tailgate monitor 
reading since the gas was well mixed with the 
ventilating air due to the turbulence at the exhaust 
tubing inlet. 

DISCUSSION 

The shearer is the primary ignition source on a 
longwall section and any improved methane 
monitoring system for longwall sections should 
consider monitor(s) being placed on the machine. 
This could have a measurable impact on reducing 
the number of shearer generated methane 
ignitions and would supplement other longwall 
methane control techniques. In addition, if the 
trend continues toward increasing panel widths, 
the difference between methane levels and 
response times at the shearer and those at the 
tailgate walkway monitor could increase on many 
faces. 

The optimum location for a single monitor on 
the shearer, as determined from the laboratory 
study, would be on the top face side of the 
shearer body, at least 6 ft downstream from the 
headside cowl. This provided representative 
concentrations on the machine as well as fast 
response times. Testing indicated that there is not 
one specific point at which to locate a monitor, but 
that once methane levels reach near peak levels 
on the top face side of the machine, they remain 
relatively the same to the end of the machine. The 
only drawback with a location along the face side 
of the shearer is that it may be more prone to be 
damaged or covered with coal or rock. 

The best second choice for a monitor would be 
at a location at the gob-side tail end of the 
machine, similar to location #10A from the 
laboratory study. This location has a number of 
advantages. It is less likely to be damaged or 
covered with product, it is less likely to be 
contaminated by water sprays, and it is easier to 
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calibrate. The recorded methane levels were 
approximately 40-50 pct lower at this location than 
those at the face side monitoring locations, but it 
still offers the advantage of a rapid response time 
relative to the tailgate monitor. With any type of 
contaminant release from a point or area, such as 
the cutting area of the shearer drum, a 
concentration gradient will occur as the 
contaminant moves downstream from the release 
area. This was seen in this laboratory study. Gas 
concentrations along the front sampling locations 
(4,6,8, 10) of the machine were consistently 
higher than those at the corresponding back 
locations (4A, 6A, 8A, 10A), even though they 
were only 30 in apart. Using a linear regression 
analYSis on these sample rows indicates that at 
approximately 16 ft downstream from the end of 
the shearer, the gas cloud would have been 
dispersed to a degree that similar gas 
concentrations would have been measured at both 
locations. 

Response time of different monitor locations is 
also an important consideration. Assuming a face 
velocity of 400 ft/min, there would be a 1.8 sec 
increase in the response time from location #4 to 
location #10. Considering all other aspects as 
equal, it would be advantageous to locate the 
monitor near location #4 to minimize response 
time. However, this variation in response time on 
the shearer is minor when compared to the time it 
takes for methane liberated during cutting by the 
shearer to reach a tailgate walkway monitor. On a 
500 ft panel, it would take approximately 75 sec 
for the gas liberated by the shearer during cutting 
near the headgate to reach a tailgate walkway 
monitor if the face velocity was 400 fpm. Because 
of this, the effectiveness of a tailgate monitor to 
detect substantial methane liberations by the 
shearer is significantly reduced. 

The results of the laboratory study also indicate 
that walkway monitors, even at locations closer to 
the shearer, would have limited ability to predict 
shearer generated ignitions. The walkway monitor 
in these tests produced methane readings 
Significantly lower than the methane readings 
recorded by the shearer mounted monitors. 
Methane monitors located in the walkway can 
supplement a tailgate monitor in detecting over-all 
high methane levels, but appear to be inadequate 
at detecting shearer methane levels. 

The effectiveness of an automated shearer 
methane monitoring system is dependant on the 
capability of the system to accurately and quickly 
detect methane concentrations at the machine. A 
system that is similar to those used on continuous 
miners should be considered. 

CONCLUSIONS 

The intent of this research was to find an 
optimum position for longwall face methane 
monitors. Although there has been a considerable 
amount of research aimed at reducing methane 
levels on longwall sections over the past decade, 
the number of ignitions each year still remains 
substantial. Since most longwall ignitions are 
caused by the shearer, it seems logical to attempt 
to avoid these ignitions by detecting when a 
potentially explosive concentration is present at 
the machine. In addition, as longwall automation 
continues, determining methane levels at the 
shearer will even be more significant because 
there will not be men at this location to take 
methane readings with a handheld spotter. 

The following are our findings based on the 
results of the laboratory testing. The first choice 
for a machine mounted monitor would be on the 
top face side of the shearer from at least 6 ft 
downstream from the headside cowl to the end of 
the machine. 

At those operations where coal and/or rock 
accumulations on the front part of the machine are 
a problem, a monitor location near the gob-side 
tail area should be considered. This monitor 
location is less likely to be damaged by coal or 
rock, or negatively effected by water sprays. 
Walkway monitors do not appear to be very 
beneficial in quickly responding to high gas levels 
at the shearer. A methane monitoring system on 
the shearer should be viewed as a safeguard 
when engineering controls fail to keep gas levels 
at safe concentrations. 

REFERENCES 

Cecala, AB., R.A. Jankowski, and F.N. Kissell, 
1985, "Determining Face Methane Uberation 
Patterns During Longwall Mining," Bureau of 
Mines IC 9052, 9 pp. 

Cecala, A.B. and R.A Jankowski, 1986, "How to 
Lower Methane Concentrations Around 
Longwall Shearers," Proceedings of Longwall 
USA, pp. 357-362. 

Cecala, A.B., AD. Bruno, and R.W. Watson, 1988, 
"Controlling Longwall Face Ignitions - A Case 
Study," Proceedings of Longwall USA, pp. 118-
126. 

Code of Federal Regulations, 1981, Chapter 1, 
Trtle 30, Part 75.313 on Methane Accumulation 
in Face Areas. 

Courtney, W.G., 1990, "Frictionallgnitidn with Coal 
Mining Bits, n Bureau of Mines Ie 9251, 25 pp. 



306 PROCEEDINGS OF THE 6th US MINE VENTILATION SYMPOSIUM 

Divers, E.F., R.A. Jankowski, and J. Kelly, 1987, 
"Ventilation Drum Controls Longwall Dust and 
Methane," Proceedings of the 3rd Mine 
Ventilation Symposium, Published by Society of 
Mining Engineers, Inc., Uttleton, CO, pp. 85-90. 

Ely, K.w. and R.C. Bethard, 1989, "Controlling 
Underground Coal Mine Methane Safety 
Hazards Through Vertical and Horizontal 
Degasification Operations," Proceedings of the 
4th U.S. Mine Ventilation Symposium, Published 
by Society for Mining, Metallurgy, and 
Exploration, Inc., Littleton, CO, pp. 500-506. 

Grau, R.H., 1987, "An Overview of Methane 
Liberations From U.S. Coal Mines in the Last 15 
Years,· Proceedings of the 3rd Mine Ventilation 
Symposium, Published by Society of Mining 
Engineers, Inc., Littleton, CO, pp.251-255. 

McCall, F.E., A.A. Campoli, J. Cervik, F. Burns, 
and P. Thakur, 1984, "Cross-Measure Borehole 
Technology For Gob Gas Control,· Mining 
Engineering, Vol. 36, No. 12, pp. 1672-1676. 

Merritt, P.C, 1992, "Longwalls Having Their Ups 
and Downs," Coal. pp. 26-35. 

Trevits, M.A., G.L Rnfinger, and J.C. laScola, 
1991, "Evaluation of U.S. Coal Mine Emissions," 
Proceedings of the 5th Mine Ventilation 
Symposium, Published by SOCiety of Mining 
Engineers, Inc., Littleton, CO, pp. 177-182. 



Proceedings 
of the 

6th US MINE VENTILATION SYMPOSIUM 

r1(30/ 
.Jt.-j £6/ 
/')13 

June 21-23, 1993 
Salt Lake City, Utah 

Ragula Bhaskar 
Symposium Chairman and Proceedings Editor 

Department of Mining Engineering 
The University of Utah 

Sponsored by 
Underground Ventilation Committee of SME 

joint committee of the Coal Division 
and Mining & Exploration Division 

and 
The University of Utah 

Published by 
Society for Mining, Metallurgy, and Exploration, Inc. (SME) 

Littleton, Colorado • 1993 



1 st Symposium: 

2nd Symposium: 

3rd Symposium: 

4th Symposium: 

5th Symposium: 

Published Proceedings of the Previous 
Mine Ventilation Symposia 

1982 - University of Alabama, University (Tuscaloosa), AL, 
published by the Society of Mining Engineers, P.O. Box 625002, 
Littleton, CO 80162-5002. lP $10. 

1985 - University of Nevada-Reno, Reno, NV, published by A.A. 
Balkema Publishers, P.O. Box 230, Accord, MA 02018. $55. 

1987 - The Pennsylvania State University, University Park, PA, 
published by the Society of Mining Engineers, P.O. Box 625002, 
Littleton, CO 80162-5002. Out-of-print. 

1989 - University of California-Berkeley, Berkeley, CA, published by 
the Society for Mining, Metallurgy, and Exploration, Inc., P,O. Box 
625002, Littleton, CO 80162-5002. LP $35. 

1991 - West Virginia University, Morgantown, WV, published by the 
Society for Mining, Metallurgy, and Exploration, Inc., P.O. Box 
625002, Littleton, CO 80162-5002. LP $68.50. 

Copyright © 1993 by the 
Society for Mining, Metallurgy, and Exploration, Inc. 

Printed in the United States of America by 
Cushing-Malloy, Inc., Ann Arbor, MI 

All rights reserved. This book, or parts thereof, may not be 
reproduced in any form without permission of the publisher. 

Library of Congress Catalog Card Number 93-83949 
ISBN 0-87335-118-5 


