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Foreword

Theenergy value of natural gashasbeen known sinceancient times. Capturing it for beneficial use hasbeen
thetough part. Theworld haslost untold quantitiesof natura gas. In countriesother than the United States
and Canada, it continuesto be vented and flared in wasteful volumes. Colorless, odorlessnatural gasdissi-
patesquickly into the atmospherewhen freed fromtherock inwhichitistrapped. Thirty yearsago, theUnited
Statesmadeanationa policy decisionto capture natural gasfrom what werethen considered “ moredifficult”
rocks, including codl.

Sincetheunderground mining of coa began, humans have been awarethat gastrappedin coal isfreed when
thecod isbroken open. Intraditiona underground mining operations, aprimesafety consderationfor miners
isventinggasfromthemine.

Thoughtheresourcewasidentified, developing it ascommercia natural gaswasconsdered so difficult at the
timethat afederal tax credit to develop “ coalbed methane” wasput in place. Many believed the credit wasa
hollow incentiveto theindustry. However, thisfedera policy decision proved to beimportant for the devel op-
ment of thisnatural gas. (Identifiedinthetax law as* coalbed methane” theindustry and government have
commonly used thisshorthand to identify natural gasfrom coal.)

Extensive research has shown that gasfrom cod isour nation’smost abundant new source of natural ges. It
remained anovel concept to those accustomed to natural gas coming from moretraditional rockssuch as
sandstoneand limestone.

Natural gaswhose sourceiscoa now accountsfor 7 per cent of total productionintheUnited States. Twenty
yearsagothefigurewasvirtualy zero.

Because public policy supportsdevelopment of natural gasfrom cod , extens ve research hasbeen conducted
tolearn how to harnessthisresourcefor beneficial human use. These studieshave never before been pub-
lishedinasinglevolume. Themost sgnificant early work comesfrom the Gas Research Ingtitute, which paved
theway for current production practices. States, universities, companiesand other research ingtitutionshave
added to thisvolume of work. Eventoday moreresearch isbeing conducted acrossthe nation asnatura gas
issought indifferent kindsof coal.

Becausethisisnow animportant part of thetotal U.S. energy mix, theindustry needsto moveaway fromusing
itsconfusing catchword “ coalbed methane.” Thegenera public understandstheterm*® natural gas’ because
they useit every day. Thatiswhy wearecallingthisresource® natural gas’ and identifying itssourcerock as
coal seams.

Lt Ll

ChrigineHansen
ExecutiveDirector
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Introduction

Oneof our country’smost val uable caches of natural gas comesfrom asource once seen asanuisanceto
the coa mining industry. Coal seam natural gas(CSNG) must now be seen ashaving great potentia asa
fossl fud resource. Thereisavoluminousamount of information onthisissue. Vauable studiesdating back
50 yearsor more have been produced. The many sidesof thisissue have been considered for years.

What isnot disputed isthat the United States hasvery large coalbedsthat cover vast areas of the country.
SeeFigure 1. Thequestioniswhat to dowith thenatural gas present in those coal beds.
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Thecoal industry haslong recognized theremoval of the methane-rich gasin the coalbeds asadangerous
part of themining process. To safely minethe coal, the gasmust beremoved. Inthe past, CSNG had to
beventedto alow for coa development. Such degasification wasted thisval uable resource because
economica methodsfor utilization had not been devel oped.

A great amount of research has been conducted on these coa beds and the natural gasthey contain. The
CSNG occurswithinthecoa intwoways. CSNG isusually stored ontheinterna surfacesof the coal
(sorbed gas), but can dso existinthe cleats (natural fractures) asfree gasinthe coalbeds. To producethe
more commonly found sorbed gas, it must be* desorbed” from theinternal surfaces of the coal and allowed
to migrate out of the matrix into natural fractureswhereit canbeextracted.! See Figure 2.

'U. S. Geological Survey, Coalbed Methane— An Untapped Energy Resource and an Environmental Concern, 1997, USGS
Fact Sheet FS-019-97.
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Thecleatsfound in codbedsareusualy filled with water. Thiswater canbesaline. To produce CSNG
from acoalbed, thewater must beremoved. Removal of thewater allowsthe gasto enter thesefractures
and then be extracted through awellbore. Inthe early stagesof CSNG production the volume of water can
begreat, which createsaproblem for the operator, thelandowner and the state. Following the compl etion
of aCSNG well, theamount of water produced decreaseswith time and the volume of CSNG increases.
Inthelater stagesof production fromaCSNG well, the volume of gas decreaseswhilethe amount of water
produced will usualy stay at thedecreased level 2 See Figure 3. Thewater discharge must be doneinan
economica and environmenta ly responsiblemanner.
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Much hasbeenwrittenon CSNG. A wedlth of information existsabout the potential for exploration and
production of thisresource. Studieson CSNG are not confined to the coalbedsinalimited area, but rather
have been conducted in many of the coa basinsthroughout the country. These studieshave been con-
ducted by thefedera government, the geological surveysof many of the states, and by privateindustry.
There have been in-depth studiesinto such issues asthe environmental impact of production of natural gas
from coa seams, the most economical waysto produce CSNG, and therel ationship between CSNG
production and cod mininginterests.

Inkeepingwithitslong history of helping statesto stay informed onissuespertaining to the efficient produc-
tion of oil and gas, the Interstate Oil and Gas Compact Commission (IOGCC) will maintainalist of docu-
mentsdiscussing development of CSNG. Thishbibliography of scientific papers, reports, articlesand studies
addresses pertinent issues many | OGCC member statesface. The sources of thesedocumentsarethe
states, the United States Geologica Survey, the Gas Technology Institute and other organizations. Itisthe
desire of thelOGCC that by sharing theinformation available, the burden of addressing issuesrelated tothe
production of natural gasfrom coal seamswill belessened. Stateshaveawealth of information on thistopic
and must now useit to their benefit.

Thiscompilation of CSNG information doesnot includeall relevant documentson thisissue, but rather
illustratesthe quality and quantity of information onthetopic. Thishibliography representsonly asmal
amount of theinformation. These documents contain information that will help the states understand many
aspectsof CSNG development. ThelOGCC will collect asmany of the pertinent documentsaspossible.
Papers, reports, articlesand studiesdealing with issuesimportant only to those engaged in the expl oration of
CSNG arenot included. Many of thedocuments can be reproduced and supplied upon request by the
IOGCC or retrieved online. However, many of the documentslisted inthis publication can be obtained only
from the organizationslisted with that document.

ThelOGCC gratefully acknowledgesthe cooperation of many of the state oil and gasregulatory agencies
and the stategeol ogical surveys. Withthehelp of itsmember states, the lOGCC will continueto update
and expandthislist.
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Acronyms

Thefollowingisa list of acronymsused in this publication.

AAPG ..... American Association of Petroleum Geologists
ACS........ American Chemical Society

AGS........ AlaskaGeologica Survey

AGU....... American Geophysical Union

BIA........ Bureau of Indian Affairs, U.S. Department of the Interior
BLM ....... Bureau of Land Management, U.S. Department of the Interior
BRI ........ Basin Research Institute, Louisiana State University
CBM ....... Coalbed Methane

CGS....... Colorado Geological Survey

COGCC . ... ColoradoOil & GasConservation Commission
COMPAS . . . Coabed Methane Production and Stimulation Database
CSM ...... Colorado School of Mines

CSNG...... Coa Seam Natural Gas

DGGS...... Division of Geological and Geophysical Surveys, Alaska Dept. of Natural Resources
DOE....... U.S. Department of Energy

EPA ........ U.S. Environmental Protection Agency

FTE........ Freeze-thaw/evaporation

GIS........ Globd Information System

GRI ........ Gas Research Institute

GSA ....... Geological Society of America

GSC....... Geological Survey of Canada

GTI ....... Gas Technology Institute

IOGCC..... Interstate Oil and Gas Compact Commission
KGS....... Kansas Geological Survey

LLL ........ Lawrence Livermore Laboratory

MBMG ... .. Montana Bureau of Mines & Geology

MGS....... Montana Geological Society

MRCP ..... Methane Recovery From Coalbeds Project, U.S. Department of Energy
NDGS...... North Dakota Geological Survey

NETL ...... National Energy Technology Laboratory, U.S. Department of Energy
NMGS..... New Mexico Geological Society

NPDES. . ... National Pollutant Discharge Elimination System
OGS....... OklahomaGeologica Survey

PGS........ PennsylvaniaGeologica Survey

RMAG ..... Rocky Mountain Association of Geologists

SEPM ...... Society of Economic Paleontol ogistsand Mineralogists
SNG....... Substitute Natural Gas

SPE........ Society of Petroleum Engineers

STR ....... Salinity / Toxicity Relationship

TSOP...... The Society of Organic Petrology

UGMS ..... Utah Geological and Mineralogical Survey

USBM ...... United States Bureau of Mines

USGS...... United States Geological Survey

WGA ...... Wyoming Geological Association

WOGCC . ... Wyoming Oil & Gas Conservation Commission

WSGS. ... .. Wyoming State Geological Survey
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Summary: Thisjournd articlediscussesaGRI study into the environmenta acceptability of discharg-

ing coalbed produced watersin the Black Warrior Basin. Discussesthe safety of discharging such
waters.

Mount, David R.; Gulley, David D.; and Evans, James M., 1993, Salinity/Toxicity Relationshipsto
Predict the Acute Toxicity of Produced Waters to Freshwater Organisms, available from the
Society of Petroleum Engineers as SPE paper 26007.

Summary: Thisconference paper discussesthe Salinity/Toxicity Relationshipsequations used to
provide accurate predictions of thetoxicity of produced waters.

Mountain Fuel Resources, Inc., 1978, Demonstration Project for Methane Recovery from
Unminable Coalbeds, from atechnical proposal submittedtotheU. S. Department of Energy.
Summary: Mountain Fuel Resourcestechnical proposdl.

Mountain Fuel Supply Company, 1980, Demonstration Project for Methane Recovery from
Unminable Coalbeds, Progress Report No. 11, prepared for the U. S. Department of Energy.
Summary: DOE Contracted Report.

Mowers, T.; and Wade, L., 1994, Greater Green River Basin Bibliography: Selected References,

availablefromthe Gas Technol ogy I nstitute as GRI-95/0018.

Summary: Bibliography containing morethan 260itemsintwo sections. Coa bed Methaneand Tight
Gas Sands.
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611.

612.

613.

614.

615.

616.

617.

Mroz, T. H.; Ryan, J. G.; and Byrer, C. W., 1983, Methane Recovery from Coal beds: A Potential
Energy Source, availablefromtheU. S. Department of Energy.

Summary: DOE Report.
Mullen, M. J,, 1988, Log Evaluation in WelIs Drilled for Coal-bed Methane, availablefrom the

Rocky Mountain Association of Geologistsin Rocky Mountain Association of Geologists Guide-
book.

Summary: RMAG Report.

Mullen, M. J., 1991, Cleat Detection in Coal beds Using the Microlog, avail able from the Rocky
Mountain Association of Geologigts.

Summary: RMAG Report.

Murphy, Edward C.; and Goven, Gerald E., 1998, The Coalbed Methane Potential of North
Dakota Lignites, availablefrom the North Dakota Geol ogical Survey.

Summary: NDGS Report.

Murray, D. K., 1991, Coalbed Methane: Natural Gas ResourcesfromCoal Seams, availablefrom
the publisher, Techbooks, Fairfax, VA, in Geology in Coa Resource Utilization.

Summary: Report.

Murray, D. K., 1996, Coalbed Methane in the USA: Analogues for Worldwide Development,
availablefrom the Geological Society, London, as Specia Publication 109.

Summary: Geologica Society Report.

Murray, D. K., 2000, CBM in the United Sates, from World Coal, March 2000, availablefrom the
publisher.

Summary: Article.

Murray, D. K., 2002, Deep CoalsHold Big Part of Resource, from American Oil & GasReporter,
v. 45, no. 5, availablefrom the publisher.

Summary: Article.
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619.

620.

621.

622.

623.

624.

Murrie, G. W., 1977, Coal and Gas Resources of the Lower Hartshorne Coalbed in LeFloreand
Haskell Counties, Oklahoma, availablefrom the Geological Society of Americain GSA Abstracts

with Programs, v. 9, no. 1.

Summary: GSA Report.

Mutmansky, J. M., 1999, Guidebook on Coalbed Methane Drainage for Underground Coal
Mines, availablefrom the Coalbed M ethane Outreach Program of the U.S. Environmental Protection
Agency as Document No. 60938.

Summary: EPA Report.

Nelson, CharlesR., 1993, GRI Basic Research Group Coal bed Methane Research, availablefrom
the Gas Technology I nstitute as GRI-93/0486-0003.

Summary: Thisjourna articlediscussesthe eval uation of the accuracy of measurementson coa

seam reservoirsby the GRI's Basic Research Group.

Nelson, CharlesR., 1997, Advancesin Coal bed Reservoir Gas-In-Place Analysis, from Gas Tips,
v. 4, no. 1, available onlinefrom the Gas Technol ogy I nstitute at_http://www.gti-ticora.com/
Publicationshtml .

Summary: ThisGRI report discussesnew log and core anaysis methods used to determine the gas-
in-placevolume of coabed reservoirs.

Nelson, C. R.; Mavor, M. J; Pratt, T. J.; and Casey, T. A., 1997, Protocol Ups Coal Seam Gas
Analysis, from American Oil & GasReporter, v. 40, availablefrom the publisher.

Summary: Article.

Nelson, C. R., 1999, Common Sources of Error in Coalbed Gas Resource and Reservoir Gas-In-
Place Values, availablefrom the publisher, the American Association of Petroleum Geologistsas
AAPG Bulletin, v. 83.

Summary: AAPG BuUlltin.

Nelson, CharlesR., 1999, Changing Perceptions Regarding the S ze and Production Potential of
Coal bed Methane Resources, from GasTips, V. 5, no. 2, availablefrom the Gas Technol ogy Institute.

Summary: GRI Report.
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625.

626.

627.

628.

629.

630.

631.

Nelson, C. R., 1999, Gemin the Rough; Technology, Economics Putting New Shine on Coalbed
Methane, from American Qil & GasReporter, v. 42, no. 3, availablefrom the publisher.

Summary: Article.

Nelson, CharlesR., 2000, Coalbed Methane Potential of the U.S. Rocky Mountain Region,
from GasTips, available onlinefrom the Gas Technol ogy Institute at_http://www.gti-ticora.com/
Publicationshtml .

Summary: ThisGRI report discussesthe potential for production of natural gasfrom Rocky Moun-
tainregion coa seams.

Nelson, CharlesR., 2000, New Methodsfor Coal bed Reservoir Gas-In-Place Analysis: Results
from Case Studies in the San Juan, Powder River, Black Warrior and Central Appalachian
Basins, available onlinefrom the Gas Technol ogy | nstitute at http://www.gti-ticora.com/
Publicationshtml .

Summary: ThisGRI report discusses new methods used to determine the gas-in-place volume of
coalbed reservoirs,

Nelson, C. R., 2001, Geologic Controls on Effective Cleat Porosity Variation in San Juan Basin
Fruitland Formation Coal bed Reservoirs, from the proceedings of the Internationa Coalbed Methane
Symposium. Tuscal 0osa, Alabama, avail able as Paper 108.

Summary: Symposium Paper.

Nelson, C. R.; and Pratt, T. J., 2001, In Coalbed Gas Plays, Reservoir Variables Key to Success,
from American Oil & GasReporter, v. 44, no. 3, availablefromthepublisher.

Summary: Article.

Nichols, D. J., 1999, Stratigraphic Palynology of the Fort Union Formation (Paleocene) in the
Powder River Basin, Montana and Woming; A Guide to Correlations of Methane-producing
Coal Zones, availablefrom the Wyoming Geol ogical Association in Guidebook - Wyoming Geol ogi-
ca Association, 50.

Summary: WGA Publication.

Nikols, D. J.; and Rottenfusser, B. A., 1991, Coalbed Methane - A Canadian Resource for the
1990's, availablefrom the Rocky M ountain Association of Geologistsin Coalbed M ethane of West-
ern North America
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632.

633.

634.

635.

636.

637.

638.

Summary: RMAG Report.

Noack, K., 1998, Control of Gas Emissionsin Underground Coal Mines, from I nternational Jour-
na of Coal Geology, v. 35, nos. 1-4, availablefrom the publisher.

Summary: Article.

Nolde, J. E.; and Spears, D., 1998, A Preliminary Assessment of In-place Coalbed Methane
Resourcesin the Virginia Portion of the Central Appalachian Basin, from International Journal of
Coal Geology, v. 38, availablefrom the publisher.

Summary: Article.

Nuccio, Vito, 2000, Coal-bed Methane: Potential and Concerns, available onlinefrom the United
States Geological Survey as Fact Sheet FS-123-00.

Summary: ThisUSGS Fact Sheet describesthe coa seam natura gasindustry inthe United States

and broadly discusses some of the concerns associated with its production.

Nuccio, V. F, 2002, What isit? And Why All the Fuss?, availablefrom the Rocky Mountain
Association of Geol ogistsin Coalbed M ethane of North America, |1.

Summary: RMAG Report.

Nuttall, Brandon C.; Chesnut, Donad R.; and Drahovzal, JamesA., 1999, Western Kentucky Coalbed
Methane Consortium: A Proposed Joint Geol ogic Study of Coal-Bearing Strata of the Western
Kentucky Coal Field Emphasizing Coal bed Methane Resource Characterization, availableonline
fromthe Kentucky Geologica Survey.

Summary: Thisisaproposal for astudy designed to provide stratigraphic and structural framework,
and coal thicknessmodelsfor useby industry for exploration.

Ogbe, D. O.; Packer, J. B.; and Clough, J. G., 2002, Risk-weighted Volumetric Analysisto
Estimate Gas Reserves and Evaluate Coalbed Methane Potential of the Lower Matanuska
Valley, Cook Inlet Basin, Alaska, availablefrom the American Association of Petroleum Geolo-
gistsin AAPG Bulletin, v. 86.

Summary: AAPGBulletin.

Olague, N. E.; and Smith, D. M., 1989, Diffusion of Gasesin American Coals, from Fuel, v. 68,
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639.

640.

641.

642.

643.

availablefromthe publisher.
Summary: Article.
Oldaker, P. R., 1991, Hydrogeol ogy of the Fruitland Formation, San Juan Basin, Colorado and

New Mexico, availablefrom the Rocky M ountain Association of Geologistsin Coa bed Methane of
Western North America

Summary: RMAG Report.

Oldaker, Paul, 2000, San Juan Basin Gas Seeps, from the 2000 Coal bed M ethane Symposium.

Summary: Symposum Document.

Olszewski, A. J,; Luffel, D. L.; Hawkins, J.; Zuber, M. D.; McLennan, J. D.; Schatz, J. F.; and
Truman, R. B., 1993, Devel opment of For mation Eval uation Technology for Coalbed Methane,
availablefrom the Gas Technology | nstitute as GRI-93/0178.

Summary: ThisGRI report discussestheidentification and devel opment of methodol ogiesfor esti-
mating zonethickness, coad qudity, gascontent, isotherm, permesability, and cleat orientationfromlog
data.

Oman, CharlesL.; Finkelman, R. B.; Coleman, S. L.; and Bragg, L. J., 1988, Sdleniumin Coal
fromthe Powder River Basin, Wyoming and Montana, available from the United States Geol ogi-
cal Survey asC 1025.

Summary: USGS Conference Document.

O’ Nell, Patrick E.; Mettee, Maurice F.; and Harris, Steven C., 1987, Coalbed Methane Devel op-
ment in Alabama: Biological and Hydrological Conditions of Streams Draining the Cedar
Cove Degadification Field, availablefrom the Geological Survey of Alabamaas Circular 133.

Summary: Findingsof astudy intothebiologica and water quality impactsof coal seam natura gas
production water disposal into surface water streamsin the Cedar Covedegasificationfield within
Alabama sWarrior Coa Basin.

O'Neil, P. E.; Harris, S. C,; Drottar, K. R.; Mount, D. R,; Fillo, J. P; and Mettee, M. F,, 1989,
Biomonitoring of a Produced Water Discharge fromthe Cedar Cove Degasification Field, Ala-
bama, availablefrom the Geologica Survey of AlabamaasBulletin 135.

Summary: Examinestheenvironmenta fateand effect of anatura gasproduced water effluent. This
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645.

646.

647.

648.

649.

study providesinformation and methodol ogiesfor defining acceptabl e conditions under which pro-
duced watersfrom coa seam natural gaswellscan bedischarged into surfacewaters.

O'Neil, P. E.; Harris, S. C.; and Mettee, M. F., 1989, Stream Monitoring of Coalbed Methane
Produced Water fromthe Cedar Cove Degasification Field, Alabama, availablefrom the Univer-
sty of Alabama.

Summary: Conference paper that discussestheinstream effects of an NPDES-permitted discharge
of produced waterson biologica communitiesinastream environment. Datafrom thisstudy wasused
to devel op concentration response models.

O’ Nell, Patrick E.; Harris, Steven C.; Mettee, Maurice F.; McGregor, Stuart W.; and Shepard,
Thomas E., 1991, Long-Term Biomonitoring of a Produced Water Discharge from the Cedar
Cove Degasification Field, Alabama, availablefrom the Gas Technol ogy I nstitute as GRI-90/0233.

Summary: Final report on samplesof coa seam natural gas produced water that was discharged to
areceiving streaminthe Warrior Coa Basin of Alabama. The study was conducted to determinethe
long-term environmentd effects.

O’'Nell, P.E.; and Harris, S. C., 1992, Devel opment of an I nstream Bioassessment Methodol ogy
for the Surface Disposal of Coalbed Methane Produced Waters, available from the Geological
Survey of AlabamaasBulletin 149.

Summary: Reportson the devel opment and testing of an instream bioassessment techniquefor
assessing the effects of stream discharged production water. Thisbioassessment techniquewasdevel -
opedinthecoa seam naturd gasfieldsof Alabama sWarrior Basin.

O'Neil, Patrick E.; Harris, Steven C.; Mettee, Maurice F.; Isaacson, H. Ronald; and Evans, James
M., 1992, Biological Fate and Effect of Coalbed Methane Produced Waters Discharged into
Streams of the Warrior Basin, Alabama, avail able from the publisher, Plenum Press, New York,
NY.

Summary: Thisisaconference paper that reviews studies containing relevant information to the
biological fateand effect of salinewatersdischarged to stream environments. Presentsdatarelativeto
studiesrelating to producing natural gasfrom coa seams.

O’ Nell, Patrick E.; Isaacson, H. Ronad; and Evans, JamesM., 1992, Surface Discharge of Coalbed
Methane Produced Watersin the Warrior Basin of Alabama, The Cedar Cove Model, available
from the publisher, Plenum Press, New York, NY.

Summary: Thisconference paper assertsthat recent implementation of water quality-based control
of effluentswithtoxicity testing and possible biocriteriarequirementsisproof that inthefuturetherewill
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650.

651.

652.

653.

654.

655.

be amore comprehensive regulation of the discharge of wastewater. Discussesthe Cedar Cove
Modéd within theframework of existing discharge permit requirements, future regulation, and coa
seam natural gas studiescompleted in the state of Alabama.

O'Nelil, Patrick E., 1994, A Review of Water-Quality, Biological Risk, and Discharge Monitoring
Sudies Relative to the Surface Disposal of Produced Waters from the Development of Coal-
SeamMethanein Alabama, availablefrom the Geological Survey of AlabamaasCircular 177.

Summary: Presentsresultsof water-quality, aquatic toxicity, and biomonitoring studiesinthe Warrior
Cod Basinof Alabama. Presentsthe Cedar Cove Model, whichisasystematic approach for moni-
toring the discharge of produced-water effluentsto surfacewaters.

Ortiz, Isais, Weller, T. F; Anthony, R. V.; Frank, James; Linz, David G.; and Nakles, David V., 1993,
Disposal of Produced Waters: Underground Injection Optioninthe Black Warrior Basin, avail-
ablefromthe Univergty of Alabama.

Summary: Conference paper discussesstudy that summarizesunderground injection activity asan
aternativeto stream discharge of coa seam natural gas produced waters.

Oshorne, T. E.; Moore, D. K.; Kidd, J. T.; and Pescatore, F. T., 1991, Coal bed Methane Potential
of the Northern Coosa Basin in Alabama, from Journal of Coal Quality, v. 10, availablefrom the
publisher.

Summary: Article.

Owsacki, G.; and Payie G., 2000, Coal bed Methane Potential in British Columbia, availablefrom
the British ColumbiaMinistry of Energy and Mines as GeoFile 2000-7.

Summary: British ColumbiaMinistry of Energy and MinesReport.

Oyler, D. C.; Diamond, W. P; and Jeran, P. W., 1979, Directional Drilling for Coalbed
Degasification, U. S. Bureau of Mines Report of Investigations 8380, avail able from the National
Technical Information Service.

Summary: USBM Report.

Oyler, D. C.; and Diamond, W. P, 1982, Drilling a Horizontal Coalbed Methane Drainage Sys-
temfroma Directional Surface Borehole, U. S. Bureau of Mines Report of Investigations 8640,

availablefromthe Nationa Technica |nformation Service.

Summary: USBM Report.
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656.

657.

658.

659.

660.

661.

662.

Oyler, D. C.; and Stubbs, R. B., 1985, Measuring Formation Pressures and the Degree of Gas
DrainageinaLlarge Coalbed GasDrainageField, U. S. Bureau of Mines Report of Investigations
8986, availablefromthe Nationa Technical Information Service.

Summary: USBM Report.

Palmer, |. D.; Davids, M. W.,; and Leu, S. J., 1992, Analysis of Unconventional Behavior Ob-
served During Coalbed Fracturing Treatments, availablefrom the Society of Petroleum Engineers

inReprint Series, 35.

Summary: SPE Report.

Palmer, 1. D.; and Sparks, D. P, 1992, Measurement of Induced Fractures by Downhole TV
Camerain Black Warrior Basin Coalbeds, available from the Society of Petroleum Engineersin

Reprint Series, 35.

Summary: SPE Report.

Palmer, I. D.; Lambert, S. W.; and Spitler, J. L., 1993, Coalbed Methane Well Compl etionsand
Simulations, availablefrom the American Association of Petroleum Geologistsin AAPG Studiesin

Geology, 38.

Summary: AAPG Report.

Palmer, I. D., 1993, Induced Stresses Due to Propped Hydraulic Fracture in Coalbed Methane
WElIs, paper presented at the 1993 SPE Rocky Mountain Regional Low Permeability Reservoirs
Symposium, availablefrom the Society of Petroleum Engineersas SPE Paper 25861.

Summary: This SPE paper discusses applications of the concept of altered-stressfracturing asthey
apply tothe San Juan Basin.

Pashin, J.C.; Ward, W.E., II; Winston, R.B.; Chandler, R.V.; Bolin, D.E.; Hamilton, R.P; and Mink,
R.M., 1990, Geologic Evaluation of Critical Production Parametersfor Coalbed Methane Re-
sources: Part 11, Black Warrior Basin, availablefrom the Gas Technol ogy I nstitute as
GRI-90/0014.2.

Summary: Thisisanannual report that discussesthe geologic evaluation of coa seam natural gas

production parametersfor the Black Warrior Basinin Alabama.

Pashin, J. C., 1991, Regional Analysisof the Black Creek-Cobb Coal bed-Methane Target Inter-
val, Black Warrior Basin, Alabama, availablefrom the Geological Survey of Alabamaas
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663.

664.

665.

666.

667.

668.

Bulletin 145.

Summary: Geologica Survey of AlabamaBulletin.

Pashin, J.C.; Ward, W.E., Il; Wington, R.B.; Chandler, R.V.; Balin, D.E.; Richter, K. E.; Osborne, W.
E.; and Sarnecki, J. C., 1991, Structure, Sedimentol ogy, Coal Quality and Hydrology of the Black
Warrior Basinin Alabama: Controlson the Occurrence and Producibility of Coalbed Methane,
availablefrom the Gas Technol ogy | nstitute as GRI-91/0034.

Summary: ThisGRI topical report discussesthe geologic eva uation of coal seam natural gaspro-
duction parametersfor the Black Warrior Basinin Alabama.

Pashin, J. C., 1994, Coal-body Geometry and Synsedimentary Detachment Folding in Oak Grove
Coalbed Methane Field, Black Warrior Basin, Alabama, availablefrom the American Association
of Petroleum Geologistsin AAPG Bulletin, v. 78.

Summary: AAPG BuUlltin.

Pashin, J. C., 1997, Productivity of Coalbed Methane Wells in Alabama, proceedings from the
1997 Internationa Coalbed M ethane Symposium, availablefrom the University of Alabama.

Summary: Conference paper that discusses productivity parametersin coa seam natural gaswells
and the geol ogic controlson natural gas production fromthosewells.

Pashin, Jack C.; and Hinkle, Frank, 1997, (Reprinted 2001), Coal bed Methanein Alabama, avail-
ablefromthe Geological Survey of AlabamaasCircular 192.

Summary: Documentstherapid growth of the coa seam natural gasindustry since 1984. Summa:
rizesthe current state of theindustry in Alabama. Thisreport aso discussesthe numerous scientific
and technologica advancesmade since 1984.

Pashin, J. C., 1998, Sratigraphy and Structure of Coalbed Methane Reservoirs in the United
Sates: An Overview, from thelnternational Journal of Coal Geology v. 35, availablefrom the pub-
lisher, Elsevier.

Summary: A review paper that discusses stratigraphic and structural controlson coa seam natural
gasproductioninthe United Stateswith emphasison the Black Warrior and San Juan basins.

Pashin, J. C.; and Groshong, R. H., Jr., 1998, Structural Control of Coalbed Methane Production
in Alabama, from thelnternationa Journa of Coal Geology v. 38, availablefromthe publisher, Elsevier.
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669.

670.

671.

672.

673.

Summary: Thisresearch paper discussestheinfluence of extensional and compressional foldsand
faultson the performance of coa seam natural gaswells.

Pashin, J. C.; Carrall, R. E.; Hatch, J. R.; and Goldhaber, M. B., 1999, Inter play Among Cleating,
Maturation, and Mineralization in Coalbed Methane Reservoirs of the Black Warrior Basin,
proceedingsfrom the 1999 I nternational Coabed M ethane Symposium, availablefromthe University
of Alabama.

Summary: Thispaper discussesfracturing, faulting, and minerdizationin coa seam natura gasreser-
VOoirs.

Pashin, Jack C.; Carrall, Richard E.; Hatch, Joseph R.; and Goldhaber, Martin B., 1999, Mechanical
and Thermal Control of Cleating and Shearing in Coal; Examples from the Alabama Coal bed
Methane Fields, from the proceedings of the 1998 International Conference on Coal Seam Gasand
Qil, availablefrom Kluwer Academic Publishers, Dordrecht, Netherlands.

Summary: Conference Paper.

Pashin, J. C.; Groshong, R. H., Jr.; and Carroll, R. E., 2001, Carbon Sequestration Potential of
Coalbed Methane Reservoirsin the Black Warrior Basin: A Preliminary Look, from the proceed-
ingsof thelnternationa Coa bed M ethane Symposium, Tuscaloosa, Alabama, availableas Paper 143.

Summary: Symposium Paper.

Pashin, J. C.; Groshong, R. H., Jr.; and Carroll, R. E., 2001, Enhanced Coal bed Methane Recovery
Through Sequestration of Carbon Dioxide: Potential for a Market-Based Environmental Solu-
tion in the Black Warrior Basin of Alabama, proceedings from the U.S. Department of Energy,
National Energy Technology Laboratory, First Nationa Conference on Carbon Sequestration, avail-
ablefromtheNational Energy Technology Laboratory asDOE/NETL-2001/1144.

Summary: Thispaper discussesthe potential for enhanced coal seam natural gasrecovery through
injection of carbon dioxide and the basi c considerations of geology, technology, and infrastructure
required to formul ate an enhanced recovery strategy.

Pashin, J. C.; Carroll, R. E.; Groshong, R. H., Jr.; Raymond, D. E.; McIntyre, Marcella; and Payton,
W. J., 2002, Geologic Screening Criteriafor Sequestration of CO, in Coal: Quantifying Poten-
tial of the Black Warrior Coalbed Methane Fairway, Alabama, from the U.S. Department of
Energy, National Technology L aboratory, Annua Technica ProgressReport, availableonlinefromthe
Geological Survey of Alabamaat http://www.gsa state.al .us/gsal CO2PA GE/CO2page.htm.

Summary: Thisreport discussesgeol ogic factorsaffecting the potential for carbon sequestration and
enhanced coa seam natural gasrecovery. Includesimportant stratigraphic, structural, geothermic,
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674.

675.

676.

677.

678.

679.

hydrologic, and coa qudity data.

Patching, T. C., 1970, The Retention and Rel ease of Gasin Coal - A Review, availablefrom the
Canadian Ingtitute of Mining and Metallurgy in CIM Transactions, v. 63.

Summary: Canadian Ingtitute of Mining and Metalurgy Report.

Penny, Glenn S.; and Conway, Michael W., 1994, Coordinated Studiesin Support of Hydraulic
Fracturing of Coal bed Methane, available from the Gas Technology I nstitute as GRI-94/0398.

Summary: Report onlaboratory researchinto hydraulic fracturing proceduresand productsused on
coal seam natural gaswells. Containsappendix with additiona research papers.

Penny, Glenn S.; and Conway, Michael W., 1995, Coordinated Studiesin Support of Hydraulic
Fracturing of Coal bed Methane, available from the Gas Technology I nstitute as GRI-95/0283.

Summary: Findingsof aproject that coordinates|aboratory datawith field operationsto ensurethe
application of current technology in stimulating coalbed methanewe|ls. Dataused in designing fractur-
ing and remedid treatmentsinthe Black Warrior Basin.

Penny, Glenn S.; Conway, Michagl W.; Almond, Stephen W.; Himes, Ron; and Nick, Kevin E., 1996,
Mechanismsand | mpact of Damage Resulting fromHydraulic Fracturing, availablefrom the Gas
Technology Institute as GRI-96/0183.

Summary: ThisGRI topical report discusses research into the mechanisms of formation damage
following hydraulicfracturing and itsimpact upon gaswell productivity.

Perry, J. H.; Aul, G. N.; and Cervik, J., 1978, Methane Drainage Study in the Sunnyside Coal bed,
Utah, U. S. Bureau of Mines Report of I nvestigations 8323, avail able from the National Technical
Information Service.

Summary: USBM Report.

Perry, J. H.; Prosser, L. J,, Jr.; and Cervik, J., 1980, Methane Drainage fromthe Mary Lee Coalbed,
Alabama, Using Horizontal Drilling Techniques, from the proceedings of the SPE/DOE First An-
nual Symposium on Unconventional Gas Recovery, availablefrom the Society of Petroleum Engi-

neers.

Summary: SPE Symposum Document.
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681.

682.

683.

684.

685.

686.

Petroleum Frontiers, 1986, Coalbed Methane - An Old Hazard Becomes a New Resource, from

Petroleum Frontiers, v. 3, no. 4, availablefrom the publisher.

Summary: Article.

Petroleum Information/ Dwights, 1998, $110 Million Gas Gathering System Proposed for Pow-
der River, availablefrom the publisher, Petroleum Information/ Dwights.

Summary: Article.

Petroleum Technology Transfer Council, 2002, Coal bed Methane Workshop On-line (Rockies
Newsl etter), Colorado School of Mines.

Summary: PTTC Workshop.

Picciano, Laura, 1994, Gas Research Institute’'s Coal bed Methane Research: Selected Bibliogra-
phy. (Preliminary Issue), availablefrom the Gas Technol ogy I nstitute as GRI-94/0473.

Summary: Bibliography listsreports, papers and workshop citations on the topic of coal seam

natura gas. Thishibliography containsonly worksfunded by the GRI, or which extensvely used GRI
data.

Picciano, Laura, 1995, Gas Research Ingtitute’'s Appal achian Basin Research: Selected Bibliogra-
phy, availablefrom the Gas Technology I nstitute as GRI-95/0297.

Summary: Bibliography of research and development reports. Containsreportson coal seam natu-
ral gasinthe AppaachianBasin.

Picciano, Laura; and Sole, Linda S., 1995, San Juan Basin Bibliography: Selected References,
availablefromthe Gas Technology I nstitute as GRI-95/0120.

Summary: Bibliography of publicationson natural gasexplorationinthe San Juan Basin. Contains
citations of worksonthetopic of coal seam natural gas.

Pierce, Brenda, 1993, Coalbed Methanein the Forest City Basin, available onlinefrom the United
States Geol ogica Survey at http://www. energy.usgs.gov/factsheets/Forest/forest.ntml.

Summary: ThisUSGS Fact Sheet discussesthe potentia for natural gas production fromthe coa
seamsinthe Forest City Basin.
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688.

689.

690.

691.

692.

693.

Pilcher, R. C.; Collings, R. C.; and Marshall, J. S., 2000, An Overview of Emerging Practicesand
Models Used in Coal Mine Methane Resource Estimation and Reserve Evaluation, from the
proceedingsof the Second I nternational M ethane Mitigation Conference, Novosibirsk, Russia.

Summary: Conference Document.

Pillard, David, Predicting the Toxicity of Common lons Found in Produced Waters, available
onlinefrom the Gas Technol ogy Ingtitute or from ENSR Consulting, Engineering, and Remediation.
Summary: Thisarticlediscussesasoftware application devel oped to hel p producersdeterminethe

cause of toxicity in produced waters.

Popp, J. T.; and McCulloch, C. M., 1976, Geological Factors Affecting Methane in the Beckley
Coalbed, U.S. Bureau of MinesReport of Investigations 8137, availablefrom the Nationa Technica
Information Service.

Summary: USBM Report.

Popp, J. T.; Coleman, D. D.; and Deogh, R. A., 1979, Investigations of the Gas Content of Coal
Seamsin the Vicinity of Charleston, Illinois, available from the Illinois Institute of Natural Re-
sourcesas Document 79-38.

Summary: [INR Document.

Powder River Coalbed M ethane Information Council, Coal bed Methane Devel opment | nfor ma-
tion, availablefrom the Powder River Coa bed M ethane I nformation Council.

Summary: Thispublication discusses many aspects of devel opment of coal seam natural gasin

the Powder River Basin.

Puglio, D. G., 1981, Evaluating Geol ogic Conditions and Methane Contents of Coalbeds Through
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Alabama

Summary: Thisconference paper discussesfracturevoid simulationsthat exhibit the spatia correla
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Summary: Thisreport describesamethod for smulating three-dimensiond fracturenetworksusedin
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Energy Technology Laboratory First National Conference on Carbon Sequestration, availablefrom
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Grand Valley Field, Garfield County, Colorado, from the proceedings of the 1991 Field Confer-
enceof theRocky Mountain Association of Geologists, availablefromtheRMAG.

Summary: RMAG Conference Document.
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from the United States Geol ogical Survey asFS-0156-00.

Summary: USGS Fact Shest.
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Summary: Article.

114

Natural Gas from Coal Seams



713.

714.

715.

716.

717.

718.

719.
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the 1989 I nternational Seminar of the United Nations; Petroleum Geology and Geochemistry, Kiev,
USSR, availablefromthe publisher, AkademiyaNauk URSR, Kiev.

Summary: United Nations Conference Document.

Rice, Dudley D.; and Flores, Romeo M., 1989, Nature of Natural Gasin Anomalously Thick Coal
Beds, Powder River Basin, Wyoming, availablefrom the American Association of Petroleum Geolo-
gistsin AAPG Bulletin, 73(9).

Summary: AAPG Conference Document.

Rice, D. D.; Flores, R. M.; and Law, B. E., 1989, Nature and Origin of Lower Tertiary Coalbed
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Rice, D.D.; Young, G. B. C.; and Paul, G. W., 1996, Methodol ogy for Assessment of Technically
Recover able Resources of Coalbed Gas, availablefrom the United States Geological Survey as
Digital DataSeriesDDS-30, Release 2, on CD-ROM.
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Series, 35.

Summary: SPE Report.
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Summary: Thisjourna article examinesthe mg or technol ogy, research needs, and problem areas
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Summary: USGS Professiona Paper.

Wanty, Richard B.; Folger, Peter F.; and Briggs, Paul H., 1993, Ground-water Chemistry of the
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Methane Dueto Hydraulic Fracturing, availablefrom Kluwer Academic Publishers, Boston.
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Summary: AAPG Bulletin.
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Summary: Article.

Zuber, M. D., 1999, The Use of Monte Carlo Analysis to Evaluate Prospective Coalbed Meth-
ane Properties, availablefrom Kluwer Academic Publishers, Boston.

Summary: Report.
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INTERSTATE OIL and GAS
COMPACT COMMISSION

The Interstate Oil and Gas Compact Commission
(IOGCC) represents the governors of 37 states
— 30 member and seven associate states —
that produce virtually all the domestic oil and
natural gas in the United States. Six
international affiliates have been accepted into
the IOGCC in recent years.

The organization’s mission is to promote the
conservation and efficient recovery of domestic
oil and natural gas resources, while protecting
health, safety and the environment.

Since its creation in 1935, the IOGCC has
assisted states in balancing a multitude of
interests — maximizing domestic oil and natural
gas production, minimizing the waste of
irreplaceable natural resources, and protecting
human and environmental health — through
sound regulatory practices. The IOGCC plays an
active role in Washington, D.C., serving as the
voice of the states on oil and natural gas issues
and advocating states’ rights to govern the
resources found within their borders.

For more information about the IOGCC, please call
405/525-3556, visit the World Wide Web at
www.iogcc.state.ok.us, or send electronic mail
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