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T

he US coal industry is undergoingdramatic changesto meet
the challengesof a keenly competitivefuels market. Many of these
changesinvolve the application of innovative technology to increaseproductivitywithout sacrificingsafety. A prime example is
longwall mining, which is becomingthe acceptedmethodbecause
it allows large blocks of coal to be mined very efficiently.
Longwall mining utilizes an integratedsystemof roof support,
coal cutting, and transportation.Hydraulically-driven shieldssupport the roof; a shearertraversesthe entire width of the face and
cutsthe coal; the coal is then transportedfrom the face by a chain
conveyor systemthat runs adjacentto the face and supports(and
guides) the shearer (Figure 1). Longwall panels are 600-1000 ft
wide and severalthousandfeet long. Mine plansmay includemore
than 20 longwall panels.
It is reasonableto expect the shift to capital-intensivelongwall
mining to bring an increaseduse of geophysicsin coal exploration becauseit can obtain, at very low cost, geologic information
necessaryfor efficient mine planning. Longwall mining machinep
is large, heavy and difficult to maneuverunderground,so determining the correct location of good coal areas, a task often made
much easier with geophysicaldata. is essentialto high produc
tivity. Other valuableusesof geophysicaldata include:
l
Detection of coal seam anomalies, like sandstonewashouts
and faults, which may halt the advance of the longwall face in
mid-panel and causelengthy, costly delays.
l
Avoidance of nonproductivezones becausedigging through
rock rapidly wears out expensiveequipmentdesignedfor mining
coal.

Geophysicalexploration in the coal industry differs from that
for petroleum becausethe latter usually searchesvirgin areas or
frontiers for potential structureor stratigraphictraps of oil and
gas, Conversely, in the United States(which hasone of the largest
coal reservesin the world), the objectiveof coal explorationis not
so muchto find coal whoseexistenceis alreadyknown but to make
it cheaperto mine.
Drilling is the traditional and still the most common method
used in coal exploration. Most coal companiesrely heavily on
drillhole data to evaluate their mine properties. However. this
methodis frequently expensiveand offers only limited spatialinformation (drillholes are, on the average, about2000 ft apart).
Surface seismic surveys, on the other hand, provide a continuoussubsurfaceprofile at considerablyless cost. For example,
a one mile-by-two mile area may require, for initial investigation.
a minimum of 15 drillholes (Figure 2). A seismic survey, using
only five boreholesfor correlation.would generatemore than4000
data points and likely yield detailed information about complex
faulting systemsas well as mapping the course and meander of
paleochannels(Figure 3).

W

hen ContinentalOil Company (Conoco) acquiredConsolidation Coal Company (Consol) in 1966, an effort was initiated to
adapt oil field technology to coal-mining problems. In the mid1970s. continueddifficulites causedresearchin utilizing seismic
reflection techniquesfor coal-mining applications.
Currently, Consol is the only US coal companythat maintains
a seismiccrew. This crew typically conductsshallow,high-resolution surveys. The crew can averageabout a mile of seismicsurveying daily. (When the surveyis significantlylarger thannormal,
Conoco usually augments this crew by furnishing a recording
truck, vibroseisunit, and experiencedpersonnel.)
The densityof bituminouscoal is about 1.35 g/cd, and its Pwave velocity about7500 ft/s. The surroundingrocks (like shales,
sandy shales, and sandstones)have average densitiesof 2.1-2.6
g/cm’ and correspondingP-wave velocities of 9OClO-15
000 ft/s.
This contrastmakesthe coal seama good seismicreflector.
A coal seismic section is shown in Figure 4. The coal seam
reflection is indicatedas well as four exploratory drillholes (7A,
7B, 7C, 7D). All four drillholes encounteredseamthicknessof 9I 1 ft. The seismicdatashowthe coal seamreflection (predominant
frequencyabout 12.5Hz, averagedepth of 800 ft) to be robustand
continuousfrom SP-38 to SP-186, indicating no seam interruptions or disturbances..4 seam thicknessaveragingabout 10 ft is
expectedover this interval.
Surfaceseismicsurveyscan, in addition, imagedeepersubsurface structuresbelow the drill bit (which normally stopsat seam
depth). These data are valuable becausegeologic structuresbeneaththe seam may affect seamthicknessand elevation. The seismic data in Figure 4 showa well-defined lens-shapedbody beneath
the coal seam between SP-88 and SP-160. It does not appear to
have affectedthe seamthicknessbut may producechangesin seam
elevation.
Another benefit from a seismic investigationis detection of
paleochannels(coursesof ancientrivers that erodedpart or all of
a coal seamand, often, adjacentlayers of rock). Completeerosion
of the seam is commonly called a washout,and early detectionof
washoutscan make a mine safer and more productive.
Figure 5 is part of a seismicsectionfrom a survey, conducted
over preexrstingmine works, to detectchannel-inducedwashouts
in the area. Developmententriesare locatedbeneathSP-90 to SP107. The undergroundworkingsaffectedthe bottomreflection signature between SP-93 and SP-103 where changes in seismic
attributes were observed. The seismic reflection returned to its
normal characterfrom SP- 104 to SP-116.5, indicatingan undisturbed uniformly thick coal seam. A broadeningof the seismic
wavelet with smaller reflection amplitudesbetween SP-117 and
SP- 125 suggestsan area of relatively smaller acousticimpedance
contrasts.Thus, it is likely that a sandstonewashoutoccursin this
interval. A similar event lies between SP-129 and SP-132. A hole
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Figure 1. Miner operatesthe longwallwhere the shearercutsthe coal while the shieldssupportthe roof.
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Figure 2. Geologic information based on drillhole data show-

ing washoutand suspectedfault.
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Figure 3. New geologic interpretation based on seismic and
drill hole data showingpaleochannels
and fault system.
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Figure 4. Seismicsectionof a survey conductedto investigateseam anomaliesbetween drillholes.

--

----

-_-_-_-_I

;ipA

=‘=

I.._.

--z--z

a1

_

_____-__--_--=_-_

=

*=v

__.-..

135

_

2

z_-

zs%_..._Pg

130

-

-

2:

-

--_- -_-_-_-__

z_-_-_-_

_-z-z_-_-_r-_;

_.___. ~.....~..__..~..._..ksB_.....~._

125

-_-___-_____

--_-___--_-

120

115

110

105

~~&-_--__-&-2_-_-_-_

100

_-_-_-_-_-

__._A#3 .*_.._ aE......-

O?

edevatim

85

sm
0.0

0.0 -

- coal beam
.o.j rdbctkm

- 0.2

0.2

Figure 5. Seismicsectionof a survey conductedto investigatesandstonewashouts.
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wasdrilled at SP-130.5 after the seismicprogramwas completed
and encounteredsandstone
insteadof coal. A smallgeologiccross
sectionwith an exaggeratedvertical scale, built from available
drillhole and seismicdata, is shownabove the sectionand indicatesintervalswheresandstone
channelsmay haveerodedthecoal
ScuiUl.

The Conocoprototypehigh-frequencyvibroseisunit wasused
as the sourcefor both surveys.
Suchcombinedhigh-resolutionseismicand drilling programs
have proveda cost-effective,appropriatetechniquefor Consol’s
coal exploration.Successfulsurfacesurveyshave pinpointedthe
location of potential seam anomalies;washoutscausedby the
courseand meanderof paleochannels;faults; and areasof seam
thinning or splitting.Areasof goodcoal havealsobeen identified
which might, otherwise,have been left unexploited.Postseismic
drilling is recommendedto confirm someseismicinterpretations.
Seismicsurveyingcan also complementthe explorationdrilling
program by targeting specific areas for additional drilling for
evaluationof coal quality and reserves.
The success
of a surfaceseismicprogramis constrainedby accessibilityto studyareasand resolutionlimitationsinherentin the
method.Even thoughsurfaceseismiccan detectsmall faultswith
verticaldisplacements
on the orderof seamthickness,the datado
not yet allow accurateestimation of the throw of the fault.
However, the widthsof detectedpaleochannels
and washoutsare
close approximationsof the actual anomalies.Despite the constraints,the informationprovidedby theseestimatesis very valuable to coal companies.It is betterthat they respondin advance
to geophysically-detected
anomaliesthan after encounteringthem
at thelongwallfaceduringmining. When accessproblemsprevent
surfacesurveys,in-seamseismics-a techniquein whichshotsand
receiversare placedin the coal seam, with the seamacting as a
wave guide-are a possibility. British, German, and Australian
mine operatorshave utilized in-seam seismicsurveysfor more

than 10 years; the US coal industry,though,is just beginningto
investigateits potential.
Cons01is alsoexploringpossibleusesof otherseismictechniques very common in petroleum exploration-vertical seismic
profiling, interwell seismic surveying and/or crossholetomography-for coal-miningapplications.
The magnitudeof Consol’s seismicprojectshasgrowndramatically since 1986. The continuedgrowth of the seismicprogram
has causeda need to integratevariousgeophysicaland geologic
datasets.This in turn impliesthatcomputerworkstationsareplaying a major role in interpretation.K
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GRADUATE
RESEARCH
IN APPLIEDGEOPHYSICS
The Laboratory for Advanced Subsurface Imaging (LASI) is a center for graduate
research on applied geophysical techniques. Areas of currentresearch include:

*
*
*
*
*

Developmentof surfaceelectromagnetic
(EM)techniquesto mapgmundwater
resources, subsurfacecontamination,and mineral resourcesusing very
high-resolution,
continuous-profiling,
EM measurements.
Geotomography,usingEM waves for mappingfluidsin solutionminingand
for detectinggroundwatercontamination.
Numericaland analyticalstudiesof EM wave propagationin inhomogeneous
media.
GroundPenetratingRadarappliedto archaeological
andgeotechnicalsurveys.
Artificialneural networkbased methodsfor geophysicalimage processing.
Integratedsurveysfor mining,hydrology,and geotechnicalinvestgationsusing seismic,gravity,magnetic,TEM. CSAMT,and IP methods.
Evaluationof seismicand EM techniquesfor extraterrestrialexploration.

Extensive facilities support field projects, lab experiments, computer modeling,
and analytical investigations for MS and PhD thesesin the Department
of Mining

and GeologicalEngineering. Recent acquisitionsinclude: commercial
geophysical
Instruments,
LASI-designed
innovatlvs
fieldsystems,andpowerful
computerworkstations.Our San XavierTestSite Is a uniquefacilityfor field
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(Director)
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