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Foreword

The energy value of natural gas has been known since ancient times.  Capturing it for beneficial use has been
the tough part.  The world has lost untold quantities of natural gas.  In countries other than the United States
and Canada, it continues to be vented and flared in wasteful volumes.  Colorless, odorless natural gas dissi-
pates quickly into the atmosphere when freed from the rock in which it is trapped.  Thirty years ago, the United
States made a national policy decision to capture natural gas from what were then considered “more difficult”
rocks, including coal.

Since the underground mining of coal began, humans have been aware that gas trapped in coal is freed when
the coal is broken open.  In traditional underground mining operations, a prime safety consideration for miners
is venting gas from the mine.

Though the resource was identified, developing it as commercial natural gas was considered so difficult at the
time that a federal tax credit to develop “coalbed methane” was put in place. Many believed the credit was a
hollow incentive to the industry.  However, this federal policy decision proved to be important for the develop-
ment of this natural gas.  (Identified in the tax law as “coalbed methane” the industry and government have
commonly used this shorthand to identify natural gas from coal.)

Extensive research has shown that gas from coal is our nation’s most abundant new source of natural gas. It
remained a novel concept to those accustomed to natural gas coming from more traditional rocks such as
sandstone and limestone.

Natural gas whose source is coal now accounts for 7 per cent of total production in the United States.  Twenty
years ago the figure was virtually zero.

Because public policy supports development of natural gas from coal, extensive research has been conducted
to learn how to harness this resource for beneficial human use.  These studies have never before been pub-
lished in a single volume.  The most significant early work comes from the Gas Research Institute, which paved
the way for current production practices.  States, universities, companies and other research institutions have
added to this volume of work.  Even today more research is being conducted across the nation as natural gas
is sought in different kinds of coal.

Because this is now an important part of the total U.S. energy mix, the industry needs to move away from using
its confusing catchword “coalbed methane.”  The general public understands the term “natural gas” because
they use it every day.  That is why we are calling this resource “natural gas” and identifying its source rock as
coal seams.

Christine Hansen
Executive Director
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Introduction

One of our country’s most valuable caches of natural gas comes from a source once seen as a nuisance to
the coal mining industry.  Coal seam natural gas (CSNG) must now be seen as having great potential as a
fossil fuel resource.  There is a voluminous amount of information on this issue.  Valuable studies dating back
50 years or more have been produced.   The many sides of this issue have been considered for years.
What is not disputed is that the United States has very large coalbeds that cover vast areas of the country.
See Figure 1.  The question is what to do with the natural gas present in those coalbeds.

The coal industry has long recognized the removal of the methane-rich gas in the coalbeds as a dangerous
part of the mining process.  To safely mine the coal, the gas must be removed.  In the past, CSNG had to
be vented to allow for coal development.  Such degasification wasted this valuable resource because
economical methods for utilization had not been developed.

A great amount of research has been conducted on these coalbeds and the natural gas they contain.  The
CSNG occurs within the coal in two ways.  CSNG is usually stored on the internal surfaces of the coal
(sorbed gas), but can also exist in the cleats (natural fractures) as free gas in the coalbeds.  To produce the
more commonly found sorbed gas, it must be “desorbed” from the internal surfaces of the coal and allowed
to migrate out of the matrix into natural fractures where it can be extracted.1   See Figure 2.

1 
U. S. Geological Survey, Coalbed Methane – An Untapped Energy Resource and an Environmental Concern, 1997, USGS

Fact Sheet FS-019-97.

Source: U.S. Geological Survey
Energy Resource Surveys Program
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The cleats found in coalbeds are usually filled with water.  This water can be saline.  To produce CSNG
from a coalbed, the water must be removed.  Removal of the water allows the gas to enter these fractures
and then be extracted through a wellbore.  In the early stages of CSNG production the volume of water can
be great, which creates a problem for the operator, the landowner and the state.  Following the completion
of a CSNG well, the amount of water produced decreases with time and the volume of CSNG increases.
In the later stages of production from a CSNG well, the volume of gas decreases while the amount of water
produced will usually stay at the decreased level.2   See Figure 3.  The water discharge must be done in an
economical and environmentally responsible manner.

     Figure 3

 2 Id.

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

Source: U.S. Geological Survey
Energy Resource Surveys Program
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Much has been written on  CSNG.  A wealth of information exists about the potential for exploration and
production of this resource.  Studies on CSNG are not confined to the coalbeds in a limited area, but rather
have been conducted in many of the coal basins throughout the country.   These studies have been con-
ducted by the federal government, the geological surveys of many of the states, and by private industry.
There have been in-depth studies into such issues as the environmental impact of production of natural gas
from coal seams, the most economical ways to produce CSNG, and the relationship between CSNG
production and coal mining interests.

In keeping with its long history of helping states to stay informed on issues pertaining to the efficient produc-
tion of oil and gas, the Interstate Oil and Gas Compact Commission (IOGCC) will maintain a list of docu-
ments discussing development of CSNG.  This bibliography of scientific papers, reports, articles and studies
addresses pertinent issues many IOGCC member states face.  The sources of these documents are the
states, the United States Geological Survey, the Gas Technology Institute and other organizations.  It is the
desire of the IOGCC that by sharing the information available, the burden of addressing issues related to the
production of natural gas from coal seams will be lessened.  States have a wealth of information on this topic
and must now use it to their benefit.

This compilation of CSNG information does not include all relevant documents on this issue, but rather
illustrates the quality and quantity of information on the topic.  This bibliography represents only a small
amount of the information. These documents contain information that will help the states understand many
aspects of CSNG development.  The IOGCC will collect as many of the pertinent documents as possible.
Papers, reports, articles and studies dealing with issues important only to those engaged in the exploration of
CSNG are not included.  Many of the documents can be reproduced and supplied upon request by the
IOGCC or retrieved online.  However, many of the documents listed in this publication can be obtained only
from the organizations listed with that document.

The IOGCC gratefully acknowledges the cooperation of many of the state oil and gas regulatory agencies
and the state geological surveys.  With the help of its member states, the IOGCC will continue to update
and expand this list.
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Acronyms

 The following is a  list of acronyms used in this publication.

AAPG  . . . . . American Association of Petroleum Geologists
ACS . . . . . . . . American Chemical Society
AGS. . . . . . . . Alaska Geological 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 . . . . Colorado Oil & Gas Conservation Commission
COMPAS . . . Coalbed Methane Production and Stimulation Database
CSM  . . . . . . Colorado School of Mines
CSNG. . . . . . Coal 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 . . . . . . . . Global 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 . . . . . . . Oklahoma Geological Survey
PGS . . . . . . . . Pennsylvania Geological Survey
RMAG  . . . . . Rocky Mountain Association of Geologists
SEPM . . . . . . Society of Economic Paleontologists and 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 IV.  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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