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Motivation

Coalbed methane in Illinois is a sizeable 
natural gas resource (14-21 Tcf)
Unmineable coal seams offer a safe and 
permanent target for sequestration of 
carbon dioxide
Sequestration of carbon dioxide in coals 
liberates the adsorbed methane that can be 
economically produced. (Enhanced Coal 
Bed Methane recovery – ECBM)



Problems

Uncontrollable: Thickness, lateral continuity, 
rank of coal , gas content, permeability, depth, 
structures, (in-situ conditions)

Controllable: Site selection, well location and 
well completion techniques.

CBM Production to be successful
Coal seams continuity at the site essential.
Wells must be placed along high permeability 
trends.

Factors influencing CBM production :



Problems Continued

CO2 Sequestration
The target seams must extend over a large 
enough area to accommodate large volume of 
CO2 over a long period of time
It is important that the host coal seams be free 
from faults and dislocations that could cause 
migration of the injected CO2 into unintended 
zones
It is therefore imperative to map the candidate 
coal seams very accurately prior to site selection 
and monitor the gas front movement throughout 
the life of a project



Technology Needs

Advanced seismic technology is potentially 
capable of resolving these issues

Seismic techniques have been used successfully 
for reliable subsurface imaging and monitoring 
of gas cap movements in conventional oil and gas 
reservoirs, however, because of the internal 
properties of coal, the degree of applicability of 
the technology to coal is not certain.



Project objectives

Field Investigation
Investigate resolution limits of seismic 
techniques relative to thin coal seams and 
detection of small discontinuities.

Laboratory Investigation
Investigate changes in bulk elastic 
properties of coals due to changes in 
saturation.



The resolution of seismic techniques is rarely 
better than 5m (~16.4 ft).

Van Reil (1986) has shown that coal beds as 
thin as 0.75 m (2.46 ft) can be resolved by 
reflection seismic methods.

(Widess et. al., 1986) concluded that the 
thickness of a bed must be at least 1/8 of the 
dominant seismic wavelength to be resolvable. 

Resolution



Thus, a key question to be addressed was 
whether advanced seismic techniques could 
identify individual coal seams within a coal 
‘package’ ? 

Or whether the overall low frequency signal 
from the ‘package’ would mask the 
individual high frequency events?

Resolution Continued



Scope of Work
Developed customized seismic survey 
techniques for CO2 sequestration and CBM 
production site selection

• Detailed surface survey
• VSP
• Crosshole seismic survey

Lab work to investigate the viability of   
monitoring CO2 front in coal seams

• Measure changes in elastic properties 
of coal resulting from addition of a gas 
phase into the cleat system (Wst.)



Map of 4 seismic lines and 
wells used for crosswells survey

Location
White County, Illinois

www.isgs.uiuc.edu
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Surface Seismic Survey Result
Final Processed Broadband Seismic Sections

Seismic Section for Line 2000Seismic Section for Line 1000

coal package

Individual coal seams have been transparent

coal package
NW-SE line NE-SW Line



Crosswell Seismic Imaging
Final Crosswell Reflection Image

704 ft
Hon 3

Source well
Hon 9

Receiver well



Advanced Seismic Data Processing

Spectrally Decomposed Data at 30 Hz 

In order to identify the dominant frequency for coal 
seams and to determine changes in frequency with depth



Advanced Seismic Data Processing
Spectrally Decomposed Data at 70 Hz 



Advanced Seismic Data Processing
Spectrally Decomposed Data at 140 Hz 



Constant 
P/T vessel

P/T control system

Acoustic receiver array

Acoustic transmitter array

Instrumented sleeve

High pressure cell

Computer control and data acquisition

Flow and pressure control manifold

Constant 
temperature 
chamber

Coal sample

Constant 
P/T vessel

P/T control system

Acoustic receiver array

Acoustic transmitter array

Instrumented sleeve

High pressure cell

Computer control and data acquisition

Flow and pressure control manifold

Constant 
temperature 
chamber

Coal sample

Laboratory work
Ultrasonic velocity measurement

Schematic diagram of experimental apparatus



A B
5 “ Coal 
Sample

Viton Sleeve
Receivers arraySource array

Sample assemblies for measuring ultrasound velocity

Laboratory work



Gas injection
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Schematic diagram of experimental apparatus

Laboratory work



Illinois Coal Project

34% decrease in P wave velocity. 

Velocity changes resulting from introduction of a
gas phase into the water saturated coal

29.89 
microseconds

40.15
microseconds
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Illinois Coal Project

Examples of shear wave arrivals in water saturated coal



Illinois Coal Project

Springfield # 2,
Water saturated coal
Trace # Confining pressure

4                    1 MPa 

5 & 6          43.45ms   2 MPa

7 & 8              3 MPa

9 &10    36.52ms        4 MPa

Effects of confining pressure on coal velocity



Results from lab measurements

50’50’50’

Monitoring of dewatering in Coal Bed Methane production in 
the Powder River Basin in Wyoming.

Laboratory measurements 
proved that changes in bulk 
elastic properties of Illinois coal 
due to changes in fluid saturation 
are large enough to render 4-D 
seismic capable of monitoring the 
expansion of CBM or CO2 fronts.



Results from Seismic Surveys
VSP, crosswell, and surface 
seismic surveys work proved 
that:

At lower frequencies (surface 
seismic) coal packages, but not 
individual seams, can be reliably 
mapped.

It is possible to map thin coal 
seams and to identify small scale 
discontinuities using higher 
frequencies (X-well & VSP)

Seismic modeling indicated 
that a 20% velocity reduction 
due to saturation change can be 
clearly identified at 100 Hz+ 
frequencies at the ISGS pilot 
site. 

Response of individual coal seams to gas saturation.



- .- .

Conclusions and Recommendations
At 10-50 Hz bandwidth the resolution is 

very low and results from surface seismic 
surveys are  not reliable. 

At 10 -200 Hz bandwidth, high resolution 
imaging is possible and surface seismic data 
would be reliable for mapping of the “coal 
seam packages” as a whole.

VSP surveys (10-300 Hz bandwidth) 
noticeably  enhance the resolution.



- .- .

Conclusions and Recommendations

Laboratory measurements proved that 
changes in acoustic properties of coal resulting 
from the addition of a gas phase into the cleat 
and pore spaces is substantial.

Monitoring of methane production from 
coal seams of Illinois appears to be quite 
practical and can be used as means for 
determination of the high permeability trends 
and development of de-watering and 
production well patterns.



Wells used for crosswell seismic

Planned dewatering wells

Drill and complete 3 
dewatering wells 
(ISGS)

Repeat crosswell and 
seismic surveys after 
gas production has 
been established to 
map the position of 
the gas front

Future work:



Acknowledgements

• Gas Technology Institute
• Illinois Clean Coal Institute 
• Illinois State Geological Survey 
• Royal Drilling Co. 
• Z-Seis Corporation



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


