Collected Studies

CoaL
SeEAm

NATURAL

Gas

Also Known as “Coalbed Methane”
NEWLY-UPDATED EDITION

A Publication of the Interstate 0il and Gas Compact Commission



The Interstate Oil and Gas Compact Commission
gratefully acknowledges the dedication and efforts
of IOGCC Federal Projects Manager Keith Thomas in
compiling this collection of studies.

For more information about the IOGCC or this
report, visit the IOGCC Web site at
www.iogcc.state.ok.us, call 405/525-3556 or
send e-mail to iogcc@iogcc.state.ok.us.

Winter 2002-2003



Foreword

Thispublication representsthe second compilation of studiesdirectly addressing natural gasfrom coal seams
- often called coal bed methane by industry and government officials. Thissource of natural gashasbeen
recognized asasource of energy since ancient times. Capturing it for beneficia use hasbeenthetough part.
Theworld haslost untold quantities of natural gas. In countries other than the United Statesand Canada, it
continuesto bevented and flared in wasteful volumes. Colorless, odorlessnatural gasdissipatesquickly into
the atmosphere when freed from therock inwhich itistrapped. Thirty yearsago, the United Statesmadea
nationd policy decisonto capturenatura gasfromwhat werethen considered “ moredifficult” rocks, including
cod.

Sincetheunderground mining of coa began, humans have been awarethat gastrappedin coal isfreed when
the cod isbroken open. Intraditional underground mining operations, aprime safety consideration for miners
isventinggasfromthemine.

Thoughtheresourcewasidentified, developing it ascommercia natural gaswasconsidered sodifficult 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.

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

Natural gaswhose sourceiscod now accountsfor 7 percent of total production inthe United States. Twenty
yearsagothefigurewasvirtualy zero.

Because public policy supportsdevelopment of natural gasfrom cod, extens veresearch hasbeen conducted
tolearn how to harnessthisresourcefor beneficial human use. These studieshave never before been pub-
lishedinasinglevolume. Themost significant 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, itistimeto moveaway fromusing the
confusing term“ coa bed methane.” Theresourceissmply natura gas, whichthe public understandsand uses
virtualy every day. That iswhy wearecaling thisresource* natural gas’ and identifying itssourcerock ascoa
Seams.

Sz L

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.

Natural Gas from Coal Seams 1



Figure?2

Desarplan Trom Diffusion through the Flluid Tlow im e natural
intemnal coal surfaces matrix and micropores fracture netwark

oReis d
o o
> °0 @
q.l.,:,g 0 QIL —

Inergasing magnificalion ———

Source: U.S. Geological Survey Energy Resource Surveys Program

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.

Natural Gas from Coal Seams 3



Natural Gas from Coal Seams



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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Contains listings that discuss groundwater, produced water and seawater. NOTE: Works that
discuss hydraulic fracturing can be found in Index V. Citations appear alphabetically by
author/editor and include the title of the work. Refer to the bibliography for more information
on the publication.
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About the

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.
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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.
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405/525-3556, visit the World Wide Web at
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