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Abstract - In addition to rleveloping variolrs types of 
coal-interface detection systenz P, the US Bureau of Mines is 
actively involl~ed in developing a coal rib-thickness monitor- 
ing sjvtem for highwall tnirling applications. One particular 
system that shows promise uses a gro~tnd-penetrating radar 
system to detect the coal-air boundaries of coal ribs. Based 
on preliminary laboratorj~ and field tests, results indicate 
that this method can be applied successfully in highwall 
mines to maintain a constclnt rib thickness. The coal seanz 
should be relatively clean in the vicinity of the antenria (e.g., 
have minimal partings or dirt bands) for best results. 

Introduction 

The US Bureau of Mines (USBM) is developing technol- 
ogy for mining machines that will be capable of tracking the 
boundaries of a coal seam and extracting only the desired 
material (Schnakenberg, 1989). One critical element associ- 
ated with providing an automatic seam-tracking control for 
the mining machine is a coal-rock interface detector (CID) 
system. This CID system must be capable of measuring one 
or moredistinguishinggeophysical properties of coal and the 
adjacent formation and then must be able to make intelligent 
decisions such as identifying the type of geological material 
being cut, locating where the coal-rock interface is and/or 
determining the thickness of the coal remaining below the 
roof or above the floor. 

Due to recent advances in sensor technology and 
computer-processing capability, the USBM has been inves- 
tigating several CID concepts that can be applied to both 
current and future mining systems. The basic concepts pres- 
ently being investigated include natural gamma radiation 
(NGR), thermal infrared (TIR), ground-penetrating radar 
(GPR), mining-machine vibration and video cameras 
(Mowrey, 1992; Mowrey et al., 1992). Other concepts being 
pursued include motor current/power, displacement rate, 
hydraulic pressure and/or flow rate, and total cutting energy. 
Mining systems that incorporate one or more appropriate 
CID-sensor technologies should be able to extract a highcr- 
quality product moreeasily, at afasterrate and with increased 
safety. CID sensors could be used on existing continuous- 
mining machines, longwallshearers, highwall miners, bucket 
excavators and on any other type of surface or underground 
mining machines. 

In conjunction with this CID research, the USBM is using 
GPR to develop a coal rib-thickness monitoring system, 
specifically dcsigned for highwall mining applications. 

Highwall mining operations 

this optimum thickness throughout the depth of the entry. If 
it becomes too thin, therc is a high risk of ground fall, which 
could result in having to dig or pull out buriedcquipment and 
even in injuries or fatalities. If it becomes too thick, pcrma- 
nently unrecoverable coal is left behind. 

The highwall practice now in use is to take accurate 
surveys and align the mining machine properly with respect 
to these measurements. Current technology limits the depth 
of penetration of the cut. Thais is because of inaccuracies in 
setting the direction of the equipment and in the ability to 
measure and control the direction of the mining machine 
(e.g., cuts may intersect, causing an area of unsupported roof 
that may collapse onto the equipment), which results in less 
coal being recovered. In addition, both the coal geology and 
operating characteristics of the mining machine will affect 
how well it will track the previous cut (despite how accu- 
rately it is initially aligned). One method being evaluated by 
the USBM and some mining companies is the use of a highly 
accurate inertial-guidance system developed for military 
applications (Sammarco, 1993). This technology, based upon 
ring-laser gyroscope (RLG) technology, has an azimuth 
accuracy of about 0.028", which translates to about 30 cm in 
uncertainty at a distance of 300 m. Some success has been 
achieved by using the RLG in either of two ways: 

to set the initial acimuth of the machine equal to that of 
the prior entry and ensuring the machine heading 
remains at that value during the first few feet of thecut; 
or 
to monitor and correct mining machine-direction 
throughout the length of the cut. 

The accuracy of these procedures has not yet been fully 
determined. Disadvantages of the RLG are its cost (greater 
than $100,000), an initialization process that requires an 
accuratc surveying of the RLG coordinates, a periodic re- 
quirement (for full accuracy) of a few seconds of non- 
production activity every minute or so to allow the RLG to 
rereference itself and that the RLG does not produce a direct 
measurement of rib thickness. Ignoring the initialization 
procedures reduces the RLG accuracy. If the requirement of 
periodic referencing is ignored, the accuracy of the RLG will 
degrade to a drift of 0.015 to 0.020 mlhr. 

As apossible alternative to the RLG, theUSBM i~ concur- 
rently investigating the application of ground-penetrating 
radar (GPR), which is capable of seeing through the coal 
seam and measuring the coal rib thickness to the previously 
cut entry. Thead~a~tagesofGPR are that it directly measures 
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