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1.0 INTRODUCTION 

The United States is in the midst of an energy crisis which is becoming 
increasingly more serious. The problems, which became readily apparent with 
the Arabian Oil Embargo of 1973, have worsened with the loss of production of 
oil in Iran coupled with large price increases by the Organization of Petroleum 
Exporting Countries (OPEC). These problems have emphasized the need for the 
United States to develop and implement new techniques for the identification 
and increased recoverability of our fossil energy resources. 

Recovering natural gas from unconventional sources is of major importance 
in the overall energy program. There are currently four identified sources 
of unconventional natural gas. The Department of Energy (DOE) has initiated 
four projects, directed at each of these resource areas: 

Sources 

Tight gas sands 
Methane associated with coal seams 
Devonian age shales 
Methane contained in geopressured aquifers 

Projects 

Western gas sands 
Methane from coal 
Eastern gas shales 
Geopressured aquifers 

On July 16, 1979, President Carter proposed a program which would have a 
major impact on the recovery of gas from unconventional sources. The President 
asked Congress to create an independent Energy Security Corporation which will 

make investments in the production of synthetic fuels from coal, biomass, peat 
and oil shale, and in the development of reserves of unconventional natural gas. 
Before these unconventional natural gas sources can add significantly to our 
nation's supply, the public health and safety, environmental, social, economic, 
and legal/political consequences and constraints that may be associated with 
these technologies must be identified and examined. The assessment discussed 
in this paper is limited to the identification and examination of potential 
public health and safety programs and the potential environmental impacts from 
recovery of gas from coal beds. The gas associated with coal beds is frequently 
referred to as methane gas, even though methane is only one of a number of gases 
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present. The terms methane and coal bed gas are used interchangeably in this 
report. This assessment is being conducted for the Technology Assessments 
Division, Office of Environmental Assessments, under the Assistant Secretary of 
the Environment in the U.S. Department of Energy. This division is responsible 
for assessing all potential consequences and constraints of any new technology 
for producing energy. These assessments provide information for a number of 
different uses: Environmental Readiness Documents (ERD's), Environmental Assess
ments (EA's), Environmental Impact Statements (EIS's), Environmental Develop
ment Plans (EDP's), and Project Environmental Plans (PEP's). In addition the 
results may be used in the development of policy and the formulation and imple
mentation of Research and Development (R&D) plans. 

The interest in coalbed methane as a gas resource grew out of research to 
reduce the safety hazard of methane in the atmosphere of coal mines. The pre
sence of methane in coal seams is a major safety problem in coal mining opera
tions. Mine safety laws forbid the operation of equipment in an atmosphere 
that contains more than 1% methane. Therefore, the methane content within the 
mine is constantly monitored. To make the mine atmosphere safe, tremendous 
quantities of air must be circulated through the mine to dilute and expel the 
methane. In the average coal mine, approximately 4 to 6 tons of air are cir
culated per ton of coal produced. 

To. make coal mining safer and to reduce costs caused by delays, due to 
excessive methane concentrations in the mine atmosphere, extensive research has 
been conducted on methane-related problems. One technique employed to reduce 
the concentration of methane was to drain it from the coalbeds prior to mining, 
especially in gassy mines. During the development of these drainage techniques, 
it was discovered that gas drained from coalbeds was of sufficient quality and 
quantity to re used as a supplement to natural gas supplies. Such gas has been 
recovered from European mines for a number of years and used as natural gas. 

Coal mines in the United States emit more than 200 thousand standard cubic 
feet per day (Mscfd) of methane into the atmosphere from ventilation shafts. 
If the average gas content is estimated at 220 ft3/ton, the minable coal in 

the coterminous U.S. contains more than 300 trillion cubic feet (Tcf) of gas 
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(Kim 1978b). This is a conservative estimate that may be extended as additional 
information becomes available on the thickness and continuity of other deeper 
forma ti ons. Coal beds cons i dered too thi n to be mi neab 1 e can s ti 11 contain s i gni
ficant volumes of methane gas that may be recoverable. 

This report describes the resource in Section 2; and, then, in Section 3, 
sample production data, operational experiences, and utilization techniques. 
Section 4 presents background information on the legal barriers associated with 
the development of coal bed methane utilization. Section 5 presents assessments 
of potential environmental impacts resulting from methane recovery techniques. 
Effects on air quality, surface water and ground water quality, land use, and 
ecology are discussed. Section 5 also discusses occupational safety problems 
that may be encountered during methane recovery. A listing of the cited 
literature is provided along with a bibliography of related information to 
provide a greater overview of the technology. 

The technology of methane recovery from coalbeds is still in the develop
mental stage; some of the process descriptions and constraints described in 
this report may not apply to future developments and the final application 
of commerial-scale recovery projects. The situation described herein is repre
sentative of the state-of-the-art as reflected by governmental and industrial 
publications and contacts as of early 1979. 
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2.0 RESOURCE DESCRIPTION 

This section describes the orgin and composition of coa1bed gas and the 
location of coalbeds from which methane can be recovered. 

2.1 ORGIN OF COALBED METHANE 

Methane is the predominant component of natural gas. It is also a bypro
duct of the coalification (coal formation) process, and is found, along with 
other hydrocarbons and gases, in bedded coal deposits. 

Coalification is the metamorphosis of plant and the animal material into 
the combustible, carbonaceous solid, coal, through a series of biochemical and 
geochemical reactions. The rank designations peat, lignite, bituminous, and 
anthracite are equivalent to different stages in a sequential transformation. 
There is an increase in the carbon content and in the aromatic character of the 
coal caused by a loss of alkyl side-chains during this process. During this 
metamorphosis there is a transition from simple randomly arranged molecules to 
complex clusters of ring compounds oriented parallel to the the bedding plane. 

There are several mechanisms by which methane and other gases are formed 
during the coalification process. Methane, other hydrocarbons, and hydrogen 
can be produced by the removal of alkyl Side-chains from aromatic molecules, 
by fragmentation of longer straign-chain molecules, or by condensation of 
straight chain molecules to ring compounds. Methane can be formed by the 
reduction of CO2, the reduction of unsaturates, or the secondary decomposition 
of paraffins to lower-molecular weight gases. Methane is also produced during 
anerobic decomposition of organic matter. 

The term "coa lbed methane ll refers not only to the methane contained in 
the coal but also other gases that have been detected. These gases include 
higher-mo1ecu1ar-weight hydrocarbons, carbon dioxide, oxygen, nitrogen, and 
helium. Carbon dioxide is produced by oxidation of organic material, primarily 
during the early stages of coalification. Oxygen and nitrogen are absorbed 
during the deposition of the organic sediment. They may also be introduced 
into the coal bed by percolating ground water. Most of the oxygen is consumed 
during the formation of carbon dioxide. Helium, which is also present, is a 
product of radioactive decay. 
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Water is normally entrapped in the coalbed during the coalification 
process. The exact quantity and quality of this water depends on the climate 
and ecology of the coalbeds. This water is normally saline. 

The postdepositional history also affects the gas contained in the coal. 
Coal is a highly porous solid with two distinct pore systems. The macropore 
system consists of cracks and fractures; the m;cropores have an average diameter 

o 
of 5 to 20 A. Gases can exist as free gases in the macropores or can be absorbed 
on the surface within the micropores. The amount of gas in the coalbed depends 
on temperature, pressure, degree of fracturing, permeability of coal, and the 
geology of the adjacent strata (Kim 1973, pp. 1-2). 

2.2 COALBED GAS COMPOSITION 

Chromatographic analysis of gas flowing from coalbeds shows that coalbed 
gas contains methane and other higher-molecular-weight hydrocarbons. Table 1 
lists the average composition of gas from seven different coal beds and an 

average composition of natural gas (Kim 1978a, p. 12. Moore 1966). 

Gas from these seven coalbed is well within the variability range of 
gas obtained from the more conventional petroleum reservoirs. The alkanes; 
ethane, propane, butane, and pentane are the only higher-molecular-weight hydro
carbons found in gas samples obtained directly from a coalbed. When coal is 
heated, unsaturated hydrocarbons are emitted; but these are absent in samples 
of gas that are obtained at ambient temperatures. Carbon monoxide, sulfur 
compounds and nitrogen oxides are not found in gas obtained from coalbeds. 

Since coal is formed in a reducing environment, the absence of sulfur 
dioxide and oxides of nitrogen is not unusual. Hydrogen sulfide has not been 
detected in coalbed gas, even though coal contains sulfides, organically com
bined sulfer and sulfates. Carbon monoxide is frequently detected in coal 
mine air, where it occurs as a product of low-temperature oxidation; but it is 
not found in gas drain from coal that has not been exposed to air. The heat
ing value of gas drained from coalbeds is approximately 1,000 Btu/scf, which 
is comparable to the heating value of natural gas. Due to its high caloric 
value and absence of undesirable components (carbon monoxide, sulfur oxides, 
nitrogen oxides), coalbed gas may be used as a substitute for natural gas. 
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TABLE 1. Average Composition of Coal bed Gas from Different Mines as Compared 
wi th Na tu ra 1 Gas 

Pocahontas Upper Lower 
No.3 Pittsburgh Kittanning 8-Seam Hartshorne Mary Lee Anthracite Natural 

- (VA) (PA and WV) (PA) _illL (OK) (AL) (PA) Gas - -
-----------------------------------------percent--------------------------------------

Ch4 94.9 91.1 97.4 87.8 99.2 96.0 96.0 94.4 
C2H6 1.3 0.3 O. 01 0.05 0.01 0.01 0.01 3.8 

C3H8 0.004 0.005 Trace 0.6 
C4H10 0.002 0.001 0.3 

CSH12 Trace 0.2 
CO2 0.3 8.2 0.1 , 12.0 0.1 0.1 0.1 
O2, 0.2 0.2 0.2 0.1 0.1 

N2 3.2 0.5 2.3 0.1 0.6 3.5 1.0 0.4 

H2 0.02 Trace 
He 0.04 0.3 Trace 

8TU/SCF. 1030 975 1037 935 1056 1022 1053 1068 

2.3 LOCATION OF COALBEDS 

The location of the coal reserves in the United States is shown in 
Figure 1. It is estimated that there is 300 Tcf of methane gas associated 
with coals classified as "remaining identified sources." These reserves have 
less than 3000 ft of overburden. Additionally, there are coal deposits in 
unmapped and unexplored areas as well as deeper (those beds that are deeper 
than 3000 ft) coal deposits. These reserves could contribute as much as 
550 Tcf of additional methane (U.S. DOE 1978, p. 8), although not all this 
gas may be considered recoverable. 

This total estimated quantity of methane from coal was approximately the 
same the U.S. Geological Survey's estimate of the total undiscovered reserves 
of recoverable natural gas for the coterminous United States. 
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3.0 METHANE RECOVERY TECHNOLOGY 

Vast quantities of high British thermal unit (Stu) gas are contained in 
United States coalbeds. This gas can be recovered and added to the existing 
reserves to complement our more conventional natural gas supplies. Current 
methods of coalbed methane recovery fall into two main categories: recovery 
from coal before mining (virgin coal) and recovery from active mines. Figure 2 
shows the overall process development sequence used to recover gas from coal
beds. Each of the steps will be discussed in this chapter. 

EXPLORATION 
ND SAMPLING 

SITE 
PREPARATION 

DRILLING 
TECHNIQUES 
INVIRGIN 

COAL 

DRILLING 
TECHNIQUES 

IN ACTIVE 
MINES 

FIGURE 2. Process Development Sequence 

3.1 EXPLORATION AND SAMPLING 

SITE 
RESTORA TI ON 

The first step in the production of coal bed methane is exploration. Since 
the locations of coal beds are well established, exploration to locate the 
resource is not needed. Instead, exploration involves determining the composi
tion and quantity of coalbed gas. Several methods can be used to estimate the 
gas content of the coals in the United States. The most accurate method is 
the direct method. In this procedure, holes are drilled into the virgin coal
bed and a core sample is removed and placed in an airtight container to mini

mize gas loss. The core sample is allowed to desorb for several weeks. The 

gas content in the virgin coal is calculated by summing the gas desorbed from 

3-1 



the sample, the estimated gas lost while taking the core sample, and that gas 
estimated by empirical methods. The residual gas can also be estimated empiri
cally or the coal can be pulverized after desorption and the gas content can 
be measured. In general, friable coals (those easily crumbed or pulverized) 
emit nearly 96 percent of the total gas during desorption while blocky coals 
emit only about 60 percent of their total gas. (Deul et ale 1975, p. 1). 

If data from direct measurements are not available, the gas content may 
be estimated by the methane emission rate (MER) from active coal mines in the 
area. 

3.2 SITE PREPARATION 

After determining that the quantity and quality of the coal bed gas is 
adequate for production, the site is prepared for drilling. The site prepara
tion for each new location depends on the drilling technique that will be used 
and the potential for the application of stimulation techniques. However, the 
generic steps for each site are very similar. First, the access road must be 
constructed. Two different drilling rigs are used, a small rig for the taking 
of a core and a much larger rig for the actural borehole. After clearing a 
small location, a small diameter hole is drilled in order to obtain a sample 
core. This core is used to determine the character of the strata above the 
coal bed. Upon completion of the coring operation, a one-half acre site is pre
pared by grading it for drainage, excavating a small settlement pond and pro~ 

viding 480 volt a.c. power. The drilling rig is then transported to the site 
and erected. After drilling is completed, a surface plant, including the 
ventilation, hoisting, and degasification facilities, is constructed. This 
equipment is used to prevent dangerous accumulations of methane during periods 
of non-production, to 'move equipment in the borehole during maintenance, and 
to prepare the gas for commerical use, respectively. Figure 3 shows a typical 

surface plant layout. (Fields et ale 1973, p. 12). 

3.3 DRILLING TECHNIQUES 

The next step in the production of the coalbed methane is drilling. The 

drilling technique used depends on whether the methane is recovered from virgin 
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FIGURE 3. Typical Surface Plant Layout 

coal or from an active mine. Methane may be removed from coal before mining 

(virgin coal) by vertical boreholes drilled from the surface, horizontal bore
holes drilled from shaft bottoms, and directional slant holes drilled from the 
surface. Methane may be removed from active mines through horizontal holes 
drilled into the working face of the mine or through holes drilled from the 
surface into waste material (gob) areas. Representative production data on 
these recovery methods are given in Table 2 (Deul and Kim 1975, p. 5). 

3.3.1 Vertical Surface Boreholes 

Vertical boreholes from the surface provide a means of draining methane 
from coalbeds before they are opened for mining. To be effective, this tech
nique must be employed at least 3 to 5 years before mining begins (Elder and 
Deul 1974, p. 2). In this technique, small-diameter, vertical boreholes are 
drilled from the surface to the coalbed. After drilling is completed, the well 
is cased and cemented to the surface. As the water that accumulates in the 
well ;s pumped off, methane flows from the coalbed. Since coal has a relatively 
low permeability, flowrates from coal into small vertical boreholes ;s quite 
low, usually between 0.5 and 10 thousand standard cubic feet per day (Mscfd). 
Stimulation increases gas production substantially, 5 to 20 times the original 
flowrate (Elder and Deul 1975, p.l). A description of stimulation techniques 
can be found in Section 3.4. 
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TABLE 2. Representative Production Data for Degasification of Coal beds 

Av Av Total 
flow pct, gas Time 

Degasification rate, recovered removed, period, 
Method Coal bed Location Mscfd Mscf MMscf months 

Horizontal Bore- Pittsburgh Monongalia County 650 87 620 33 
holes from Shaft W. Va. 
Bottoms Pittsburgh Monongalia County 892 85 560 21 

W. Va. 

Gob Pittsburgh Monogalia County 126 89 45 12 
Degas ifi ca t ion W. Va. 

Lower Kittanning Cambria County 421 79 8 
Pa. 

Pocahontas No. 3 Buchanan County 388 65 179 15 
Va. 

Vertical Bore- Mary Lee Jefferson County 60 92 32 22 
hole/Hydraulic Ala. 
Stimulation Pittsburgh Washington County 33 85 16 16 

Pa. 

Horizontal Pittsburgh Monongalia County 100 NA(a) NA NA 
Boreho 1 es in W. Va. 
Active Mines Pocahontas No. 4 Buchanan County 200 NA NA NA 

Va. 

Directional ----------------------------NO GAS PRODUCED-------------------------------
Dri 11 ; ng 

(a) NA = not available 

3.3.2 Horizontal Boreholes from Shaft Bottoms 

Horizontal holes in coalbeds produce gas at rates substantially higher 
than from vertical boreholes. In this technique, a shaft or group of shafts 
is sunk to the coal bed a minimum of three years before mining is to be started. 
In the coalbed, the base of the shaft is enlarged to provide space for men and 
equipment to drill a series of horizontal holes 500 to 2000 feet long into the 
coal bed. These holes intersect the fracture system of the coal bed. It is this 

fracture system that comprises the effective permeability of the coalbed. 
Figure 4 shows a cross sectional view of a borehole used for degasification. 
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Each of the horizontal holes is connected through a mechanical packer and water 

trap to a common receiver tank, as shown in Figure 5. The gas is then piped to 
the surface. 

FLEXI8LE CONNECTION 
LENGTH VARIES 

\ 

I _,vATER 
OVER FLOIV 

PI PE 

FIGURE 5. Flow of Processes in Degasification 

This technique has been used twice: at the Honey Run shaft (18 ft dia
meter) of Federal No.2 mine and the multipurpose borehole (8 ft diameter), 
both in the Pittsburgh coalbed. In both of these trials, the methane drained 

from the coal was compressed on the surface and added directly to commerial 

natural gas pipelines. These shafts were drilled for degasification but could 
be used as ventilation shafts for mining operations in the future. 

The Honey Run shaft produced methane between August 1973 and May 1977 
(3.7 years). Gas production total daily production from the horizontal boreholes 
average 650 Mscfd or approximately 110 scfd per foot of drainage hole. 

Between September 1972 and January 1977, 907 MMscf of methane was drained 

from the coal through the multipurpose borehole at an average daily production 
of 567 t~scfd. Between January 1974 and January 1977, 463 M~·~scf of gas was sold 

as pipeline gas. No gas was produced between January 1977 and October 1977 

due to a plant malfunction which caused excessive flooding. After repairs 

were completed in October, the gas sales resumed. As of December 1977, a 
total of 967 MMscf of gas had been drained from the coal bed at this site. 
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Over 1.8 billion cubic feet of methane has been drained from the Pittsburgh 
coal bed at these two sites. The area subtended by the horizontal drainage 
holes contained only an estimated 0.3 billion cubic feet of methane. The area 
of effective drainage is much larger than the are penetrated by horizontal 
boreholes. When the demonstration at the Honey Run shaft was terminated after 
3.7 years, it was producing gas at the rate of 390 Mscfd. After 5 years, gas 
production at the multipurpose borehole remains at 424 Mscfd. Reducing the gas 
pressure near the shaft and dewatering the coal bed causes methane to migrate 
more fully through the natural fractures in the coalbed toward the boreholes. 

3.3.3 Directional Drilling 

Directional drilling techniques for removing gas from coa1beds combine the 
efficient drainage of horizontal boreholes with the lower cost of small-diameter 
vertical boreholes. In directional drilling, a small diameter borehole is 
drilled from the surface and intentionally deviated in order to intercept the 
coa1bed horizontally. The major difficulty with this technique is the narrow 
target zone. The coal bed must be penetrated at a very acute angle since the 

average coal bed thickness is between 3.9 and 5.9, feet which is considered a 
very small target for normal drilling (Deu1 and Cervik 1977, p. 11). 

Mechanical difficulties have slowed further development of this procedure. 
All boreholes produce water, which must be removed by pumps to maintain gas pro
duction. Generally, down hole pumps are designed to operate in a vertical 
position and will manfunction when used in the horizontal portion of the slant 
hole. The problem of dewatering a slant hole must be solved before this tech
nique can be effectively used to drain gas from coalbeds. 

The use of directional drilling has been successfully demonstrated in the 
Pittsburgh coa1bed. A 3-inch borehole was drilled from the surface to the coa1-
bed 787 feet below the surface. The borehole penetrated the coalbed 900 feet 
along a slanted trajectory, and was drilled horizontally in the coal bed for 
420 feet. 

The potential advantages of this technique make its development worth
while. Rapid degasification can be achieved with slant holes if the technical 
difficulty of dewatering can be overcome. This method may be important in 
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areas where mining will be advancing within five years. Sites can be used for 
slant hole drilling that are unsatisfactory for other types of gas recovery 
form coalbeds. Another advantage of directional drilling is that several deviated 
holes may be drilled from a single surface site. Using a single surface site 
has economic benefits because of reduced transport of equipment and drill site 
preparation (Deul and Cervik 1977, p. 12). 

3.3.4 Horizontal Boreholes in Active Mines 

Gas can be produced from the active working sections of a developing 
mine that has not been advanced to the property boundaries. This technique 
consists of drilling small diameter horizontal boreholes into the virgin coal 
as the working face is advanced. The methane drained from these boreholes is 
conducted by pipeline to the surface. 

In-mine drainage has been successfully tried in the Pittsburgh and Sunny
side coalbeds where flow rates of 100 Mscfd were typical. Production rates from 
horizontal holes in the Pocahontas No.3 coal were low because of low permeabil
ity. However, this technique was used to drain gas from the underlying Pocahon
tas No.4 coal through a mine in the Pocahontas No. 3 at a flowrate of 200 Mscfd. 

Before this technique can be utilized, several probems relating to the 
operations of underground pipelines must be solved. One of these problems is 
leakage caused by improper installation or alignment of the pipeline. Leakage 
can be prevented or minimized by hydraulic or pneumatic pressure testing of the 
pipeline before it is placed in service. Currently safety regulations require 
that the pipeline be intrinsically safe and incorporate fail-safe leak detectors 
and shut-off controls. Another major prolem preventing the utilization of this 
technique is the resistence of coal producers to having a gas pipeline in the 
hazardous environment of a coal mine. 

3.3.5 Vertical Boreholes into Gob Areas 

Vertical boreholes are also used to drain methane from strata above 
the coalbed. A hole is drilled to the strata just above coalbed and ahead of 
mining operations. When it is intersected by mining, the overburden fractures 
and the methane that would normally be released into the gob (waste material) 
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is drawn to the surface. Such holes can remove as much as one MMscfd of methane 
from a mine and reduce underground emission by more than 50% (Kim 1978b, p. 15). 
Holes drilled over solid coal prior to gobbing reduce methane levels underground 
more effectively than holes drilled after the gob is formed. When intersected 
by mining, initial flows range from 0.13 to 0.22 Mscfd and decline to 0.025 Mscfd 
in a period of 600 to 1000 day (Oeul and Cervik 1977, p. 11). 

The concentration of the methane in the produced gas stream will decrease 
with time. Within several months the methane content may drop by 50 percent 
or more. The use of an exhauster increases flow rates, but by entraining air 
from the mine, the methane concentration will decrease. The amount of air in 
gas can be reduced in the use of a short "hole," a hole that terminates in the 
strata slightly above the coalbed. Since it is not directly connected with 
mine workings, the amount of air in the gas is reduced. 

3.4 STIMULATION TECHNIQUES 

If vertical drilling is used, stimulation techniques may be employed to 
increase gas flowrates. Coalbeds have very low flowrates due to very low 
permeability and porosity. The major technical problem associated with pro
duction of gas from coalbeds ;s the development of methods to increase flow 
rates. There are many different stimulation methods that have been used, but 
currently the most successful is hydraulic stimulation. 

Hydraulic stimulation increases flow by inducing and extending vertical 
fractures in a selected section of a formation or coalbed. This fracture is 
a zone of very high permeability and porosity that will allow high flow rates. 
(Therefore, the end result is the same as that for a horizontal borehole.) 
For coalbeds, the large surface area that is produced, promotes gas desorption. 

The fracturing is accomplished by applying hydraulic pressure with con
trolled injection of a fluid. Water based and foam based fluids are the types 
of fluids currently in use. The continued pumping of a large volume of treat
ment fluid extends the induced factures several hundred feet into the coalbed. 
The factors that determine the length of the induced fractures are injection 
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rate, formation strength characteristics, volume of treatment fluid and the 
flow characteristics of the fluid. Sized particles, such as sieved sand, are 
added to the gelled fluid and carried into the induced fractures. The sand 
serves as a propping agent to hold the fractures open after the applied hydrau
lic pressure is released. The propped fractures provide a highly permeable 
path to the borehole. 

3.4.1 Hydraulic Fluids 

There are two types of fluids currently used in hydraulic stimulation. 
One type of hydraulic fluid is water that has been gelled by the addition of 
natural gum (guar gum). Prop sand is added to the fluid to keep the fractures 
open once they have been formed. Another type of hydraulic fluid is formed 
water. The foam is formed by pumping nitrogen into water that contains a 
forming agent (a surfactant). Prop sand is added to the foam to keep the 
fractures open after the pressure is released. A variety of other chemicals 
may also be added to the fracturing fluids, usually in small quantities. Some 
of these chemicals prevent fluid loss, others provide fluid stability, and 
others increase the sand carrying capacity. Another group of chemicals is 
added to cause the fluids to break down a few hours later and lose their high 
viscosity and sand carrying capabilities. 

After fracturing a well, it is shut-in to allow the fluids to break down. 
The well is then cleaned to remove the water and any excess sand. When this 
has occurred the degasification process is begun. 

The equipment for hydraulic stimulation consists of truck-mounted, high
pressure, positive-displacement pumps; gelled water; a storage tank; and a 
truck-mounted blender and sand proportioner. A typical pump unit is capable 
of delivering 1000 hydraulic hp, with injection rates up to 42 bb1/min. The 
blending equipment consists of booster pumps, semiautomatic proportioners and 
a jet blender used to mix the gelled fluid, chemical additives, and the prop
ping agent. A storage tank for water and fracture fluid is placed onsite at a 
location convenient to the pumps, blending units and the borehole. Flow and 
pressure recorders are used to monitor the mixing of chemicals and sand, the 
injection rate, and the wellhead pressures to provide control during the frac
ture stimulation treatment (Elder and Deul 1975, pp. 2-3). 
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The IIFracbook Design/Data Manual II of Halliburton Services, Oklahoma, 
contains details of the procedures used to select a hydraulic treatment design. 

3.4.2 Conventional Hydraulic Stimulation 

Three hydraulic stimulation treatments have been successfully completed 
in the Pocahontas No.3 coalbed, Buchanan County, Va., the Mary Lee coalbed, 
Jefferson County, Cla., and the Pittsburgh coalbed, Washington County, Pa. 

3.4.2.1 Pocahontas No.3 Coalbed, Buchanan County, Va. 

A test hole was drilled into a projected barrier pillar in an area not to 
be mined for several years. (A barrier pillar is the block of unmined coal 
that forms the boundary between two separate mining operations.) The hole pene
trated a series of Pennsylvania sandstones and coals to test the gassy Pocahontas 
No.3 coalbed. The 8-inch-diameter hole was cased with 4.5-inch steel casing 
from the surface to the top of the coalbed, and the casing was pressure cemented. 
The initial waterflow was measured at 1.3 gal/hr. The inflowing water inhibited 
the flow of gas and required frequent swabbing (cleaning) to maintain a gas flow. 
With continued swabbing to remove the water, the gas flowed from the borehole 
at 600 scfd. 

In July 1970, a hydraulic stimulation procedure design by the Bureau of 
Mines was attempted. The coalbed was successfully stimulated with a thickened 
water base fracturing fluid containing 10- to 20-mesh sand as a propping 
agent. The initial fracture in the coalbed occurred at 3,200 psig. The frac
tures were propagated with pump pressures from 2400 to 3450 psig at an average 
injection rate of 10 bbl/min of fluid. Fourteen thousand eight hundred gallons 
of fracturing fluid and 4000 lb of propping sand were injected into the coal bed. 
After stimulation treatment, the hole was swabbed to remove the water and the 
gas flow was monitored. On the first day, the water flow decreased from 120 to 
20 gal/hr while the gas flow increased from 2500 to 3500 scfd. By the fifth 
day, gas flow had stabilized at an average of 12,000 scfd and the water flow had 
declined to 2.9 gal/hr (Elder and Deul 1975, pp.4-7). The twentyfold increase 
in gas flow was encouraging but it was evident that a Dumping or swabbing system 

must be provided to maintain gas production. 

3-11 



3.4.2.2 Mary Lee Coalbed, Jefferson County, Ala. 

A test site was chosen near Oak Grove, Alabama for experimental degasifi
cation of the Mary Lee coalbed in advance of mining. The five holes drilled 
penetrated Pennsylvania sandstones, shales, and coalbeds. One hole was cased 
with 7-inch steel casing and put on production. The gas production was low 
initially, but increased as the coalbed was dewatered. After 16 months of 
production, the qas flow averaged 5000 scfd, with a water flow of 6 bbl/day. A 
stimulation treatment was planned to test the effectiveness of stimulation on 
this coalbed. 

The initial fracture of the coal occurred at 800 psig. The fracture 
was propagated into the coalbed with pumping pressure of 1100 to 1200 psig and 
a steady injection rate of 10 bbl/min. Ten thousand gallons of gelled water 
and 6000 lb of 10- to 20-mesh propping sand were pumped into the coalbed. After 
stimulation, the water and excess treatment sand were removed from the borehole. 
After a water pump was installed, production of the gas resumed. The qas flow 
increased from 5000 scfd to a maximum of 90,000 scfd after stimulation. The 
flowrate stabilized at 50,000 scfd after 7 months. This stimulation increased 
gas production tenfold (Elder and Deul 1977, pp. 7-10). 

3.4.2.3 Pittsburgh Coalbed, Washington County, Pa. 

A test site near Lone Pine, Pa., was chosen for experimental degasification 
of the Pittsburgh coalbed in advance of mining. Four holes were drilled, pene
trating Pennsylvanian sandstones, shales, limestones, and coalbeds. The holes 
were cased and put on production. The low initial gas production increased as 
the coalbed was dewatered. After 18 months the gas production from one borehole 
averaged 7000 scfd. This borehole was stimulated to improve the degasification 
rate and to test the effectiveness of stimulation on the Pittsburgh coalbed. 

The initial fracture of the coal was achieved at 500 psig. The fracture 
was extended into the coalbed at 1200 to 1400 psig pumping pressure and a 
steady injection rate of 11.4 bbl/min. Ten thousand two hundred and thirty 
gallons of gelled water and 6000 lb of 10- to 20-mesh propping sand were 

pumped into the coalbed. With the reinstallation of the water pump, the bore
hole was returned to production. The gas flow increased after treatment from 
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7000 scfd to 35,750 scfd in 3.5 months. Gas production had not yet stabilized 
after 10 months (Elder and Oeu1 1977, pp. 11-14). A comparison of flow rates 
for these three fracturing procedures is presented in Table 3. 

TABLE 3. Comparison of Three Hydraulic Fracturing Procedures 

Pocahontas No. 3 Mary Lee Coalbed Pittsburgh Coalbed 
Buchanan Count.l, VA Jefferson Countl, AL Washington Count.l2 

Initial water 1.3 10.5 7.4 
flowrate 
(ga1/hr) 
Initial gas 600 5,000 7,000 
flowrate 
(scfd) 
Sand size 10- to 20-mesh 10- to 20-mesh 10- to 20-mesh 
Initial 3,200 800 500 
fracture 
(psig) 
Pumping pressure .2,400 to 3,450 1,100 to 1,200 1 ,200 to 1 ,400 
(psig) 

Injection rate 420 420 480 
(gal/min) 
Total amount 14,800 10,000 10,230 
injected 
(ga 1) 

Tota 1 amount 4.000 6,000 600 
of sand (lb) 
Final stabilized 12,000 50,000 35,750 (not 
gas (scfd) stabil i zed) 
flowrate 
Final stabilized 2.9 not available 26.25 
water flowrate 
(gal/hr) 

3.4.3 Foam Stimulation 

Foam stimulation was tested on several wells drilled into the Pittsburgh 
coalbed. The 6.25-inch diameter wells were cased with 4.25-inch 00 casing that 
was set in the shale above the coalbed and cemented to the surface. Each of 
the seven foam treatments used an average of 8200 gallons of water, 5 gallons 
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of foaming agent per 1000 gallons of water, 10,900 pounds of 10/20- or 20/40-
mesh prop sand and 300,000 scf of nitrogen. Details of each treatment are 
presented in Table 4. 

TABLE 4. Foam Stimu1 a ti on Treatments 

Well Number 1 3 4 5 6 7 8 
Depth to Base 641 908 849 770 588 734 652 
of Coal (ft) 
Treatment 06-01 08-1B 08-25 09-01 04-15 09-08 09-15 
Date (1976) 
Treatment 1,400 1,600 1,300 1,375 1 ,500 1 ,400 1 ,050 
Pressure 
(psig) 
Injecti on 11.2 11.2 10.8 11 .6 17.7 10.8 10.8 
Rate (bb1/min) 
Foam Volume 33,000 25,260 39,000 31 ,500 29,200 29,000 42,600 
(ga 1 ) 
Sand Weight 12,500 11 ,000 10,000 10,000 14,000 7,400 12,800 
(1 b) 

Gas Flow 3,060 15,200 3,510 72,300 61 ,100 25,900 3,140 
",1 Year 
after 
Stimulation 
(scfd) 

Percent 91.7 91.7 87.7 90.9 92.5 93.5 91.4 
Methane 
",1 Year 
after 
Stimulation 

In October 1977, approximately one year after stimulation, the flow rates 
from the seven wells totaled over 184,000 scfd. Gas production from some of the 

treated wells having low production was expected to rise substantially after 

the coa1bed around them was dewatered. This did not occur because mining in 
the vicinity of the wells has slowed gas production. However, continued 
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production rates of 200,000 scfd or above from the seven wells show that degasi
fication before mining is feasible and economical in the Pittsburgh coa1bed. 
In addition, degasification increases mining safety and allows increased coal 
production rates by reducing methane emissions in the mine, (Steidl 1978, 
pp. 3-7). 

3.5 PRODUCTION AND UTILIZATION 

After the wells have been drilled and stimulated, production of gas can 
occur. It is technically feasible to utilize coa1bed gas in systems in which 
natural gas is normally used (Sastress 1978, pp. 109-115): These systems 
include: 

• pip1ine injection 
• power generation 
• heating application 
• LNG production 
• chemical production. 

Steady production rates and gas content fluctuations over time are important 
considerations in choosing the most appropriate method for utilizing the gas. 
The potential uses of coa1bed methane in each of these systems are discussed 
below. 

3.5.1 Pipeline Injection 

Gas produced from coa1beds may be utilized by direct injection into a 
commercial pipeline. To be suitable for this purpose, the gas must meet certain 
requirements set by the pipeline companies. A typical specification for the 
quality of purchased gas set by a pipeline company is summarized as follows: 
The gas quality shall: 

(a) be in its natural state as produced; 

(b) be commercially free from dusts, gums, gum-forming constituents or other 
liquid or solid matter that might become separated from the gas in the 
course of transportation through pipelines; 

(c) not contain more than three-tenths (0.3) of a grain of hydrogen sulfide 
(H2S) per one hundred standard cubic feet; 
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(d) not contain more than thirty (30) grains of total sulfur per one hundred 
standard cubic feet; 

(e) not contain more than four precent (4%) by volume of a combined total of 
inert gases such as carbon dioxide, nitrogen, argon, and helium; provided, 
however, that the total carbon dioxide content shall not exceed three per
cent (3%) by volume. 

(f) not contain more than one percent (1%) of oxygen by volume; 

(g) have at least nine hundred and fifty British Thermal Units per standard 
cubic foot calculated as the gross saturated value at 14.73 psia and 60°F; 

(h) be dehydrated by seller, if necessary, and shall in no event have a water 
content in excess of seven (7) pounds of water per million standard cubic 
feet of gas measured at the purchase base of 14.73 psia and 60°F. 

Gas obtained by predrainage of coal beds approaches these specifications for 

pipeline quality gas. In cases where CO 2 content is higher than the specifica
tions allow, direct injection may be allowed since sufficient dilution may 
occur in the pipeline to bring the CO 2 down to acceptable levels. Moisture 

removal may be required although wellhead water separation combined with pipe
line dilution may be sufficient. Direct pipeline injection is thus possible. 
Gob gas, on the other hand, because of its low methane content and high inert 
gas content, is unacceptable for direct pipeline injection unless it is upgraded. 

3.5.2 Power Generation 

Coalbed gas can also be utilized for onsite power generation. The fuel 
requirements of a gas turbine/generator unit can be net by both predrainage 
and gob gases. The use of gob gas is extremely attractive since no upgrading 
is necessary. The combustor section of the gas turbine/generator can easily 

burn gas that has as low as 50% methane; and it can handle reasonable fluctua
tions in methane concentration. Besides wellhead water removal and possible 

filtration, no pretreatment of the gas is necessary. A general process sche
matic for power generation can be seen on Figure 6. 
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FIGURE 6. Schematic for Power Generation 

3.5.3 Heating Applications 

Several applications are possible for using gas as a fuel to supply heat. 

They include coal drying, thawing of railway cars, space heating, and ventilation 
air heating. The fuel requirements of burners used for these applications can 
be met by both predrainage and gob gases. Removal of water from the gas at the 
wellhead is necessary but further upgrading is not required. 

3.5.4 Liquefied Natural Gas (LNG) Production 

If a well is not located near a pipeline and if local use is not anticipated, 
the gas could be converted to LNG for more convenient transportation to distant 
markets. Both gob and predrainage gases are suitable for LNG production. Pre
drainage gas can be used readily in existing LNG process technology but some 
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modification of the air separation technology is necessary for gob gases. Both 
gases must be treated to provide a stream that is dry and free of CO2 and dust. 

3.5.5 Chemical Production 

Two of the most promising chemical production usages of coa1bed methane 
are ammonia and methanol production. 

Ammonia production requires a methane concentration above 80% as a feed 
stream. Although a methane concentration as low as 50% can be handled, the 
heat requirements for processing increase, causing the plant to become 
uneconomical. Commercial plants currently are sized down to about 50 tons 
ammonia production per day, although plants having a capacity of 15 tons per 
day have been built in special instances. Assuming 2 MMscfd gas feed, the 
ammonia production rate would be approximately 53 tons/day for pre-drainage 
gas and 45 tons/day for gob feedstock. These quantities are definitely within 
proximity of current commercial practice. Even at the rate of 1 MMscfd, con
sidered the lower limit for demonstration gas production, the lowest plant 
capacity would still be within existing technology. A typical ammonia plant 
would receive dewatered gas from the gathering pipeline network into accumula
tor plant feed will be fairly uniform in supply and composition. The supply 
and composition may also be contol1ed by the phasing and blending of gas 
production. Gas from the accumulator is subsequently compressed and fed into 
the gas treatment module. 

The minimum size for a conventional methanol plant is 100-150 tons of 
methanol per day which requires 315,000 to 470,000 scfd of methane feed. Below 
this capacity centrifugal compressors are uneconomic and capital costs rise so 
sharply that even IIfree ll methane may not make the plant profitable. The 
viability for using methane from degasification as feed for methanol produc
tion depends on gas cost, gas production rate, long-term gas supply and 
methane concentration. In certain cases methanol production may be an attrac
tive option but no general statement can be made. 

3.6 SITE RESTORATION 

When the methane production from a minable coal seam is completed, the 
boreholes drilled from the surface may be used by the mining companies as vent 
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holes, for powerline entry, as rock dust supply holes, etc. In this case, site 
restoration would not take place until coal mining is completed. 

If methane has been produced from an unminable coal seam, site restora
tion would be done after production ceases. Complete restoration would involve 
grading, to approximately the original topography, and planting of native 
vegetation to help recover the area more quickly. However, since most of 
the sites are on private property, there are no regulations for site restora
tion. Usually, the site involved is small; therefore restoration should 
be fairly easy. 
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4.0 BARRIERS TO COMMERCIAL PRODUCTION 

As discussed in Chapter 3, several drilling techniques exist which are 
technically feasible for the recovery and utilization of coalbed gas. How
ever, several institutional and other barriers exist that hinder development 
of the coalbed methane resource. The main issues that are constraining devel
opment of the coalbed methane resource are ownership of the gas, classifica
tion of coal bed gas, applicability of regulations, the jurisdictional control 
of the Federal Energy Regulatory Commission, and perception of mining hazard. 

4.1 OWNERSHIP OF THE COAL BED METHANE 

Ownership claims for the coal bed methane arise from both the oil and gas 
industry and the coal industry. Before the energy crisis forced the country 
to determine new methods for enhancing domestic energy supplies, coalbed 
methane was considered a nuisance by coal mine operators. Now coalbed methane 
is considered a viable energy resource for certain uses, and the controversy 
over ownership has increased. 

When oil and gas rights and coal rights are held in common for a particular 
coalbed, the problem of ownership of the methane is not an impediment to 
production. In many cases, however, ownership of the gas and oil rights and 
the coal rights are held by different groups. In these cases, the issue of 
ownership and the right to remove and market the methane becomes a major 
problem and a deterrent to development. 

Some coal companies view the ownership of coalbed methane as concomitant 
with ownership of the coal. However, the petroleum industry feels that an oil 
and gas lease gives the holder the right to drill and produce oil and gas from 
~ formation. Several court opinions have expressed the same view as the 
petroleum industry. Some of the legal issues that arise when the courts decide 
the gas owner has rights to the coalbed gas are (McGine1y 1978, pp. 86): 

1. May the coal owner ventilate gas during mining operations without having 
to pay the gas owner for waste? 
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2. If the coal owner may ventilate for safety reasons, without compensating 
the gas owner, may he also capture the gas by degasification prior to 
mining and sell it or use it himself? 

3. May the gas owner enjoin mining of coal to deter waste of his coalbed gas? 

4. To what extent can the gas owner use recovery techniques that may decrease 
the minability of the coalbed? (For example, it has been suggested that 
hydraulic stimulation of the coal seam might damage the II roof II strata and, 
thus, make mining unsafe?) 

5. If the gas owner must compensate the coal owner for damage to mining rights, 
how would the damage be proved? Would there be a duty to mitigate damages? 

Maurice Deul of the u.s. Bureau of Mines suggests some solutions to the owner
ship problem (Deul 1975): 

The problem of ownership of the gas in coalbeds could be solved in 
several ways. Legislative action or judicial decision could grant 
the owner of the coal the right to remove the gas and dispose of it 
in any appropriate manner. If legal title to the gas is in doubt, 
the mine owner could drain and market the coalbed gas, placing in 
escrow sufficient funds to cover claims for gas royalties. Coopera
tion by owners of the coal and gas rights in draining the coalbed 
gas is another possibility. Investment/profit could be adjusted, 
insuring an equitable return to both parties, taking into account 
that the coal owner derives benefits from gas drainage in addition 
to the return from the sale of the gas. In any case, the legal 
ownership of coalbed gas should not impede efforts to improve mine 
safety, increase productivity and conserve a valuable energy resource. 

In a recent court case in Greene County, Pennsylvania (U.S. Steel vs 
M. J. Hoge et al. 1980), the judge ruled that the methane belonged to the 
owner of the mineral rights and not to the owner of the coal rights. The 
judge further ruled that the coalbed methane owner could not fracture the 
coal bed. If the ruling is accepted in the other legal jurisdictions, 

then the issue of ownership would be resolved and no longer act as a bar
rier to commerical coalbed methane production. 

4.2 CLASSIFICATION OF COALBED GAS 

In addition to the issue of ownership, the classification of the coal bed 
gas is a major issue which could affect the production and sale of this gas. 
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Lack of classification is a barrier to coalbed gas production because if 
coal bed gas is classified as natural gas then production will be regulated 
by natural gas rules and regulations; however, if coal bed gas is not classified 
as natural gas then a new set of regulations will be required before production 

can proceed. Clarification of this issue would also impact the issue of owner
ship. If coal bed gas is not defined as natural gas then ownership could become 

even more uncertain. 

The main constituent of both natural gas and coal bed gas is methane. Both 
gases have a similar heat of combustion range and are compatible when mixed in 
a pipeline. From the chemical and end use points of view, the differences are 
insignificant. However, the legal point of view raises some questions. The 
Natural Gas Act defines natural gas in this way: II'Natural gas l means either 
natural gas unmixed or any mixture of natural and artificial gas." Because this 
definition is fairly general, questions have arisen that require a more specific 
interpretation. Notes of Decision appearing in the United States Code Annotated 
clarify some points of the meaning of the Natural Gas Act: 

Liquefied natural gas is "natural gas" within the meaning of this 
chapter. Distrigas of Massachusetts Corp. v. Federal Power Commission, 
C.A.l. 1975, 514 F.2d 761. 

Jurisdiction of the Commission under this chapter does not extend to 
production, transportation, and sale of unmixed synthetic gas produced 
from coal; such gas is "artificial ll within meaning of this chapter. 
Henry v. Federal Power Commission, 1975, 513 F.2d 395, 168 U.S. App. 
D.C. 137. 

IICasinghead gas" produced from a well, was "natural gas" within meaning 
of this section defining natural gas as either natural gas unmixed, or 
a mixture of natural and artificial gas. Deep South Oil Co. of Tex. 
v. Federal Power Commission, C.A.5, 1957, 247 F.2d 882. 

"Natural gas ll is a mixture of gaseous hydrocarbons found in nature in 
many places connected with deposits of petroleum, to which the gaseous 
compounds are closely related. 

In many states the definition of "gas" is dependent on the definition of 
oil which precedes it. For example, the Oklahoma Statutes state the following 
def; niti ons: 

The word lIoil" sha 11 mean crude petroleum oil and any other hydrocarbons, 
regardless of gravity, which are produced at the well in liquid form by 
ordinary production methods; 
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The word "gas" shall mean all natural gas, including casinghead gas, and 
all other hydrocarbons not defined as oil in the subsection above. 

The Attorney General of Pennsylvania addressed the question in his Official 
Opinion No. 53 (1974), which is only advisory and not binding: 

It is our conclusion that methane (coal bed) gas must be classified as 
a natural gas. Under the Gas Operations, Well-Drilling, Petroleum 
and Coal Mining Act, 52 P.S. §2102 (10), gas is defined as "any natural, 
manufactured or byproduct gas or any mixture thereof," this necessarily 
includes methane. Furthermore, in Emerson v. Commonwealth, 108 Pa. 111, 
125 (1884), the court defined natural gas as a gaseous fuel "which may 
be converted into hea.t by combustion with at~ospheric air." As such the 
conclusion is inescapable that methane is a natural gas. This is an 
attempt to interpret statutory language and is not directly comparable 
to a situation where there is no statute. 

Under some state laws and court decisions and under some federal laws, it is 
possible to interpret definitions of "gas" or II na tural gas" to include coalbed 

methane. However, a statute or regulation that specifically defines coalbed 
methane would minimize the probability of litigation. 

4.3 APPLICABILITY OF REGULATIONS 

A related issue to that of classification is the applicability and appro
priateness of existing natural gas regulations to coalbed methane production. 
Some individuals interested in the coalbed methane resource feel that methane 
production is different from conventional natural gas production and should be 
regulated under different criteria. Also, because the methane is produced from 
coal, the issue of the applicability of coal mining regulations is raised. Until 
this issue is resolved, commericalization of coalbed methane production will be 
impeded. 

Coalbed methane can be removed under two different sets of circumstances 

with different objectives. One is removal of methane from coalbed which will 
be mined in the future. The other is removal of methane from coal seams that 

are too thin (less than 20 inches), too deep, or otherwise not suited for 
conventional coal mining techniques. When mining is a factor, the objectives 

are to conserve the methane that would be wasted during mining operations and 

to remove the potentially dangerous gas from the mining area in a short period 
of time, usually three to five years. The objective, when mining is not 
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planned, is to develop a production field with a reasonable economic life, (at 
least twenty years). The differences in timing, spacing and operation in these 
two situations may call for differences in the application of existing or new 
regulations. 

The regulations that apply to natural gas from conventional sources could 
be appropriately applied to methane production from non-mining areas. However, 
the state or federal agencies must recognize that the production from these 
wells is usually much lower in volume than from wells in conventional sources. 
This difference may call for some specific standards with regard to spacing, 
collection systems and pricing. 

Methane removal from minable coalbeds presents unusual problems that 
may require specific management and regulation development. Federal agencies, 
such as the Mining Enforcement and Safety Administration (MESA), and state oil 
and gas and mining agencies will be concerned and involved with regulation 
development. 

State agencies have regulations that apply to oil and gas activities and 
others that apply to coal mining activities. Questions continue to arise 
about the applicability of current oil and gas regulations to methane produc
tion or the necessity for new, methane-specific regulations. For example, in 
West Virginia, no permits are required for air shaft or ventilation holes 
during mining operations but permits are required for holes or shafts that are 
made for gas production. Coal mine operators are encouraged to vent gas to 
the atmosphere by the safety requirement for air quality in the mine while the 
oil and gas regulations read, "waste of oil or gas is hereby prohibited. II 

Some regulations dealing with spacing, completion, abandonment, etc. may 
not be appropriate to either vertical or horizontal boreholes in coal seams. 
Fracturing to increase gas production must be controlled in some manner if 
mining is planned for the future. Fracturing could damage the roof structure. 

4.4 JURISDICTION OF THE FEDERAL ENERGY REGULATORY COMMISSION 

The jurisdictional pOSition of the Federal Energy Regulatory Commission 
(FERC) is another potential barrier to coalbed methane production. Because of 

4-5 



the definition of gas in the Natural Gas Policy Act, the FERC could consider 
coal bed methane to be "natural gas." As a "natural gas," the FERC would have 
jurisdiction over the methane when it was stored, transported, or sold for 
resale in interstate commerce. However, this agency must recognize the peculi
arities of recovering this unconventional resource, when applying regulations 
such as those for abandonment, collection systems and pricing. If these peculi
arities are not recognized coalbed methane could be regulated by inappropriate 
regulations which would impede commerical production. 

4.5 PERCEPTION OF MINING HAZARDS 

Because of perceived hazards to coal miners due to fracturing activities, 
in mine pipelines and borehole degasification techniques, most mine operators 
do not endorse degasification projects. Mine operators fear that massive hydrau
lic fracturing may weaken the overlying strata thus increasing the possibility 

of cave-ins. There is also wide spread resistance to having methane pipelines 
in the hazardous environment of a coal mine because of the potential for leaks 
and explosions. In addition, mine operators are concerned that borehole degasi

fication techniques may result in gas pockets which when intersected during 
mining, could cause in mine explosions. These potential hazards are discussed 
in section 5.2.3. The opposition of mine operators will continue to impede 
commercial production until these health and safety impacts are addressed and 
mitigated. 
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5.0 ASSESSMENT OF ENVIRONMENTAL, HEALTH AND SAFETY IMPACTS 

The purpose of this chapter is to present an assessment of the environmental 
health and safety impacts for normal operations during development of coalbed 
methane gas field. The chapter identifies research needs required to generate 
data not currently available, but needed to improve the assessment of impacts. 
The impacts are examined for each of the development steps discussed in the 
technology description. Environmental, health and safety impacts from coalbed 
gas recovery are controlled by a number of existing federal and state regula
tions. Federal regulations applicable to these activities are summarized in 
Table 5. State regulations are specific to each drill site, and will not be 
discussed in detail. 

5.1 ENVIRONMENTAL ASSESSMENT 

This section examines the potential impact of coalbed methane production 
on air quality, water quality and on the ecology. Table 5 shows the potential 
environmental impacts from coalbed methane production. These impacts are sum
marized in Table 6. In most cases, as has been found in previous DOE studies 
(DOE/ERD-OOll, DOE/EDP-0049, and DOE/ERD-0022), the impacts are minor or tem
porary. These effects are discussed in greater detail below for each phase 
in the development of a well to produce coalbed gas. 

5.1.1 Exploration 

Coalbed methane exploration is done by drilling holes into the coal forma
tion and removing samples for analysis of gas content. The drilling is 
similar to, though not as extensive as, drilling for production. Therefore the 
impacts will be discussed under well drilling. 

In order to transport drilling equipment into the site where the core 
is to be taken, temporary roads or off road vehicular travel may be necessary. 
The amount of temporary roads constructed or land impacted by off road 
vehicular travel will be minimal because of the large number of roads already 
available in the area (Adamson 1978). Also the impacts will be less on the 
meadow vegetation than on other ecological environments (CEQ 1979). 
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TABLE 5. Applicable Federal Environmental, Health, and Safety Regulations 

Legislation 

Clean Air Act 

NSPS 
PSD 
Nonattainment 
Visibility 

Federal Water Pollution 
Control Act 

Toxic Substances Control 
~t 

Resource Conservation 
and Recovery Act 

Safe Water and Drinking 
Act 

Occupational Safety and 
Health Act 

Pollutant/Concern 

Fugitive emissions 
Particulates 
SOx 
NOx 
Hydrocarbons 
Polycyclic aromatics 
Hydrogen sulfide 
Ammonia 
Accidental releases of 

noxious gases (CO, H2S) 

Disposal of drilling 
wastes and produced waters 

Subsidence 

Injection fluids and 
products of production 

Sludges from drilling mud 
cleanup and recovered 
brine. 

Injection fluids surface 
wastewaters 

Explosives 
Fires 
Exposure to toxics 

Current/Proposed Standards 

Environmental Assessment and 
Environmental Impact Statement 
needed. 

Ambient standards have been set 
for: S02' NOx ' particulates, 
CO, hydrocarbons, and oxydants. 

NSPS have not yet been set. 

A NPDES permit is required 
unless waste water is 
reinjected. 

Subject to the Act of dis
charging into a navigable 
water. 

If toxics are released or 
treated in effluent stream 
they will be regulated under 
Sec. 307. 

Waste streams will require 
testing for hazardous waste. 

If waste is classified as 
hazardous, the facilities will 
have to meet RCRA requirements. 

Hazardous waste disposal must 
comply with air and water 
standards. 

Potential impacts on siting. 

Underground injection permit 
will be required--although the 
stringency is uncertain. 

Public hearings on each permit 
application. 

Maintain employee health and 
exposure records. 

New benzene standards. 

Possible New Standards 

NSPS will be developed for 
criteria pollutants. 

States may classify areas 
as nonattainment. 

Facilities engaged in 
treatment, storage, or 
handling of hazardous 
waste will require permits. 

State regulations could re
strict siting and injec
tion practices. 

Revised toluene standard. 



TABLE 6. Potential Environmental Impacts from Coal bed Methane Production 

Air Pollution Surface Water Ground Water Land Use __ F_lora __ Fauna Noise Geological 

Exploration Very 1 ittle Very little Very little Very 1 ittle Very little 

Site Preparation Increased Oust Increased None '\.1/2 acre Destruction of Disturbance High levels Little 
Diesel Com- Siltation flora from land due to destruc- of noise for (topography 
bustion (short clearing (renew- tion of homes short time changes) 
term) able) and noi se 

Vertical Drilling Increased Dust Drilling mud Drilled holes Noise and human High levels 
Diesel Combus- pits, small cased acti vity and (short term) 
tion (short impact flora damage 
term) 

Horizontal Drilling Increased Dust Dri 11 i ng mud Dri lIed holes Noise and human High levels 
Diesel Combus- pits, sma 11 cased activity and (short tenn) 
tion (short impac t flora damage 
term) 

Directional Drilling Increased Dust Drill i ng mud Holes cased Noi se and human High levels 
Diesel Combus- pits, small activity and (short term) 
tion (short impact flora damage 
term) 

Drilling into Gob Increased Dust Dri 11 i ng mud Noise and human High levels 
U1 Areas Diesel Combus- pits, small activi ty and (short tenn) 
I tion (short impact flora damage w term) 

Drilling in Ac ti ve A 11 Ex tra Air Not able to hear Little 
Mine Face Pollution is dri 11 i ng noi ses 

Underground on surface 

Stimulation Diesel Combus- Little chance Driven off Excessive noise Possible dam-
tion (SOx' Nox of ground- by noise (short tenn) age to rock . 
etc) water con- formulations 

tami nati on overlying coal 
bed 

Production Very Little Disposal of Small amount of Small amount 
from Pumps "acid" mine noise, human 

water during activity 
production 

Site Restoration Dust from Return to original Disturbed by Some noise 
Regrading use noi se but very 
(sma 11) short tenn 

Road Construction Dust Extra Silitation Larges t land area Largest amount Disturbed by Large amount of 
Diesel Com- used of flora dis- noi se, habi ta t noi se - i nter-
bustion Erosion truction destroyed, road mittent 
Traveling on ki 11 s 
Roads 



Any disturbance of flora and fauna by exploration drilling will be temporary 
and of limited magnitude as described above. The flora and fauna should quickly 
recover from any disturbance. 

5.1.2 Field Development 

The activities associated with development of a coal bed methane field 
that could potentially result in environmental impacts are: 

1) Construction of roads and electrical transmission 
2) Construction of pipeline 
3) Drilling of production wells 
4) Construction of treatment and distribution facilities 
5) Stimulation of production wells 

5. 1 . 2. 1 Ro ads 

The construction of permanent roads has probably the largest areal impact. 
For example, a 20-ft road bed would result in a minimum of 2.42 acres cleared 
for every mile of road. Removal of flora and fauna will occur along all road 
beds. The amount of flora and faurna removed will have animal impact on the 
total ecosystem because of the small amount of land involved. 

Since there will be increased road traffic in the area, the probability 
for road kills of animals will increase. The net road usage is still low, (a 
few trips per week) however, and the net probability for road kills will be 
slight. 

During construction of the road, the principal pollutant will be air 
pollution, mostly diesel engine emissions and dust. The impact of diesel 
emission on air quality is anticipated to be minimal except in the immediate 

vicinity of the road equipment because of the good atmosphere dispersion chara
teristics and the lack of sensitive environments in the immediate vicinity 

(Copenhaven et al. 1978, Clusen 1979). Dust will be a severe local problem 
at the construction site and during high wind conditions. However, the small 
amount of road constructed is anticipated to add very little to the total 

suspended particulate (TSP) level. 
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In addition to air pollutants, diesel engines create approximately 85-95db 
of noise at 50 feet (Adamson 1978). This level of noise will disturb neighbor
ing fauna. It may cause them to flee from the immediate area and could also 
disturb breeding and brooding activities (Jansen 1978). Road construction 
will last only a few days at one site so that permanent impacts should not 
occur. 

Erosion and runoff from the road bed may result in some surface water 
pollution. 

5 . 1 . 2 . 2 Pipe 1 i n e 

In addition to construction of roads for transporting well field equipment, 
development of a gas field may require construction of pipelines between wells 
and to the nearest commercial transmission pipeline if the gas is to be sold 
to a pipeline company. Distance to the nearest commercial transmission pipe
line is highly variable and may only be determined in a field-by-field case. 
If the pipelines are buried, and they need not be buried, a backhoe digs a 
trench about 10 inches wide that, after burial of the pipe, is recontoured 
and reseeded. Disturbance to flora and fauna would be minimal. Noise and 
atmospheric emissions will result in minor impacts because of their short 
duration and low levels. 

5.1.2.3 Production Wells 

The major activity associated with development of the gas field is drill
ing of the wells. The major impact from the drilling is clearing of the drill 
pad which covers about 1/2 acre. Included in this acreage is a mud pit for 
disposal of drilling mud and waste production water. The mud pit is about 
1250 ft2 in area. 

All vegetation on the well pad sets is totally destroyed. If the wells 
are located in a cleared area or an old field, the animal habitat and plant 
cover destruction will be minimal. If it is necessary to site the well on a 
slope or hilltop, the topography of the area will be altered and part of the 
hillside leveled. The blasting associated with clearing a drill pad on a hill
side would have considerably more impact on the surrounding communities than 
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merely locating the well on level ground at the bottom of one of the area's 
natural hollows. 

The disturbed vegetation and surface topography may lead to excessive 
erosion. The excess siltation in the streams from erosion may have adverse 
effects on the aquatic life. 

The construction equipment noise of about 85-95db at 50 ft (Adamson 1978) 
will cause many animals to flee from the surrounding area and depending on the 
season of the year could interfer with breeding. This noise level is not 
expected to cause any permanent damage to the wildlife because the noise level 
is not excessive (Jansen 1978) and should last for a maximum of about one 
month at each drilling site (Fields et al. 1973). 

Air pollution resulting from construction of the drill pad will result 
from diesel engines and wind blown dust. The diesel engines emit carbon 
monoxide (CO), sulfur osides (Sax), nitrogen oxides (NOx)' hydrocarbons (HC) 
and particulates. Dust will also be a problem during construction and for the 
life of the pad site. These should have an impact only in the immediate vici
nity of the construction and be well below air quality standards a short dis
tance from the site. During high wind conditions, dust from the construction 
area would add to the local TSP levels although the addition will be very small. 

During drilling, the major potential sources of pollution are the air 
emissions from the 1000 to 1500 hp diesel engines and ground water pollution 
from the drilling mud pit. 

The diesel engines will run continuously, 24 hours a day for between 2 days 
and 54 days, depending on whether the well is a small diameter water well or a 
large 72-in. borehole (Fields et al. 1973). Primary emission will be CO, sax, 
NOx' hydrocarbons and particulates. The quantities emitted by a diesel engine 
are given in Table 7. These values are very small and will be below air 
quality standards in a few hundred feet. Normally, only one or two drilling 
rigs will be operational, at a given time in a field. These emissions, aver
aged over the entire gas field, will be quite small and well within ambient 

air quality standards. 
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TABLE 7. Emissions from One 
1100 hp Diesel Engine 

Quanti ty 
Pollutant (g/sec) 

SOx 2.0B 
HC 1.63 
NOx 2.B4 
CO 2.50 
Particulate O.BO 
Aldehydes O. 13 

The noise generated by the diesel engines will be approximately 90db at 

50 feet. There are homes scattered about the woods and some maybe close 
enough to the project to be disturbed by the noise. Based on EPA prescribed 
maximum safe levels from 10 pm to 7 am of 45 decibels. This maximum could be 
exceeded within a 2 mile radius if hills do not block or deflect the noise 
(Adamson 1978). Wild animals that are sensitive to high noise levels will flee 
from this zone; however, most of the fauna consists of domesticated or semi
domesticated animals who should be able to tolerate these noise levels. 

If mud is used during drilling, a small mud pit will be dug to hold the 

mud. In most cases air or gas is used in drilling because it speeds up the 
drill rate. This would eliminate any environmental impacts associated with 
the mud pit. Gas or air drilling does result in localized increase in parti
culates. If drilling mud is used, constituents of the drill mud water are 
normally non-toxic and have been deemed so by the EPA in conjunction with the 
Resource Conservation and Recovery Act of 1976 (RCRA) (PL-94-5BO). The only 
"toxic ll element which could be present in mud or naturally contaminated waste 
water is barium. The concentration of the element is expected to be less than 
the 10 mgl level set by EPA as the concentration which is potentially toxic to 
public health. (National Interim Drinking Water Regulations 1976, Development 
of Environmental Guidelines for EOR and EGR Process 1978, Vol II). Under nor

mal conditions, drilling mud fluids will be isolated from public exposure 

pathways by high dikes. If a spill into neighboring water should occur this 
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could seriously impact the water quality and in turn affect wildlife using the 
stream and organisms which live in the stream. 

5.1.2.4 Treatment and Distribution Facilities 

At each well site in the gas field, distribution and gas treatment facili
ties are constructed to collect the gas, remove liquid gas elements and pump 

the gas into the local pipeline. Construction of these facilities will be on 
the 1/2-acre pad cleared at the drill site and requires only hauling in and 
hooking up the machinery. These impacts will be minimal. 

5.1.2.5 Stimulation 

To get reasonable flow rates from the well, the wells are stimulated 
using some type of advanced hydraulic fracturing. The principal potential 
pollution sources are air pollution from diesel engines during the fracturing 
job and minor spills of the chemicals used in the fracturing fluid. Contami
nation of freshwater aquifers with fracturing fluids components will only 
occur if the cementing of the casing has not been properly done. However, 
this should not occur because a cement bond log is run previously to insure a 

good bond. Fracturing should not result in seismic effects in the basin because 
the Appalachean Basin is not a seismically active area and other fracturing 
activities using chemical explosives have not resulted in any abnormal subsur
face movement (Tonnessen 1977). 

During the fracturing job several large diesel engines will be used to 
pump the fluid under high pressure into the well. For example, for a hydraulic 
fracturing job of 20,000 to 50,000 gallons, there wi~l be one pump truck and 
one blender or mixer truck each with two large diesel engines. If a foam 
fracturing method is used then there will be one additional nitrogen pump 

truck. These large diesel engines will result in locally high levels of air 
pollutants and noise. The air pollution levels expected during the 1/2 to 

2 hour operation are given in Table 8. 

Local air quality standards will not be exceeded within a short distance 

of the well site. 
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TABLE 8. Emissions from a Typical Stimulation 
Job Using Ten 1100 hp Diesel Engines 

Release During 
Release Rate Typical Sized Job 

Pollutant (g/sec) (kg/hr) 

SOx 21.23 76 
He 16.6 60 
NOx 28.93 104 
CO 25.46 92 
Particulate 8.2 30 
Aldehyde 1.32 4 

Noise levels will also be very high on the order of 100db at the center 
of the pad or 58db at 400 ft from the engine (Adamson 1978). This latter level 
of noise is about the level of normal conversation and may cause dispersal of 
fauna. 

Fracturing jobs usually last three to eight hours and, therefore, the 
impacts over the long term will probably not be measurable. The constituents 
of fracturing fluid are non-toxic, so provided spills are cleaned up, no 
impact from chemical spills will result. 

5.1.3 Production 

After production begins, the noise levels, the human activity, and the 
air pollution decrease. The only noise that may occur from the site is when 
the gas needs to be compressed before entering the pipeline (Adamson 1978). 
Compressors can be extremely noisy pieces of equipment but may be housed in a 
building to bring the noise down to acceptable levels. There may also be inter
mittent high noise levels during routine maintenance checks. This should be 
minimal compared to drilling or fracturing. 

The subsidence of land due to gas production ;s of no consequence when 
compared to coal mining. 

The major problem during production is disposal of the water that is 

produced from the coal seam. Table 9 lists the composition of water from 
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TABLE 9. Composition of Water from Three Coalbeds 

Coalbed Mary Pocahontas 
Identification Pittsburgh Lee No. 3 

pH. . . . . 7.45 7.65 8. 15 8.05 8.35 6.75 
Ad di ty . . 0 0 0 0 0 110 
Alkalinity. · ppm 1,825 790 2,043 876 355 0 

Dissolved sol ids. ppm 4,478 9,774 17,246 3,108 1,428 156,440 

S04 ppm 63 133 NO NO NO 2 

Ca. · ppm 159 477 127 162 12.5 *2.95% 

Mg. . . . . . ppm 132 193 482 29 8 *0.67% 
Fe. · ppm 0.5 NO NO 0.13 NO 1 
Chlorides · ppm 2,356 7,700 13,600 2,200 700 *13.97% 

NO - Not detected. 
* - Reported as percent. 

three coa1beds (U.S. DOE 1978, p. 29). The composition varies widely, from 
slightly acioic to slightly alkaline, and from potable to saline. The waste 
water is temporarily stored in a lined waste water pit until treated for 
release to nearby surface water. The water must meet state or federal stand
ards before being released into the natural water system. The planning of 
pollution control and water disposal systems must be determined on the basis 
of the water at each site. Water from some coalbeds, especially in the west
ern part of the United States, may be of higher quality than the alkaline 
surface waters. 

5.1.4 Abandonment 

Site restoration is important, especially if the gas has been produced 
from an unminable coal bed. In this case, the original topography should be 
restored to reduce erosion. To make any great changes in the topography, 

large equipment will be needed. This would cause a short-term increase in 
noise levels, human activity, air pollution from diesel powered equipment and 
air pollution from blowing chemicals if fertilizer is used. The plant life 
would slowly recover the damaged area and the local fauna population would 
return to normal. 
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In the case that the gas was produced from a minable coal seam, the bore
holes drilled from the surface may be used by the mining companies as vent 
holes, for powerline entry, or rock dust supply holes, etc. Restoration would 
probably not be done until after mining was completed. 

The amount of site restoration depends on the requirements of the local 
land owner. In some cases, the waste water pit, may be left for the use of 
the local land owner after being cleaned and decontaminated. Other equipment 
including roads may also be left for the use of the land owner. 

5.2 HEALTH AND SAFETY ASSESSMENT 

This section will examine the human health and safety impacts that could 
potentially result from development of a gas field. The primary areas of 
concern are the effects of noise, air pollution and mining hazards. 

5.2.1 Noise 

Ambient noise levels will be increased in the vicinity of the well site 
during the development period, especially during the drilling and fracturing 
phases of the operation. Sources of particularly large increases in noise 
levels include: operation of service vehicles and construction equipment, the 
operation of generators and diesel motors during drilling and stimulation 
and pumping operations, and the noise resulting from the general increase in 
the level of activity at the site. Typical noise levels at 50 feet are 
(Adamson 1978, pp. 40-41): 

scraper 
grader 
truck 
dri 11 i ng ri g 
fracturing 

88-95 decibels (dBa) 
77-87 dBa 
66-91 dBa 
",90 dBa 
90-100 dBa 

Figure 7 (Turk, Turk and Wittes 1972) shows the decibel levels and verbal 
loudness description of various sounds. In general, noise levels of about 
80 decibels or higher can produce permanent hearing loss; however, the 
effect is faster for louder noises. For example, exposure to a 95 decibel 
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noise in an occupation will depress one's hearing ability by 15 decibels in 
10 years. To prevent this hearing loss, the onsite workers need hearing pro
tection according to OSHA (Occupational Safety and Health Administration) 
occupational health requirements. Although hearing protection is usually 
provided, it is often not used. 

5.2.2 Air Pollution 

During many parts of the well field exploration, development, production 
and abandonment, diesel trucks and engines will be operating, releasing into 
the air CO, SOx' NOx' hydrocarbons and particulates. The concentrations of 
these constituents at any time depend on the number of engines operating and 
atmospheric conditions. The highest concentration of these air pollutants is 
most likely to occur during a fracturing job. At this time, diesel engines 
will be operating at full capacity. The amounts of each of the air pollutants 
produced are given in Table 8. 

CO produced from these operations is expected to reach 15-50 ppm near the 
source under calm wind conditions. These levels will not exceed the threshold 
limit value for workroom environments but could cause somatic worker effects. 
Myers et ale (1970) estimates that 50 ppm would be the level at which one might 
expect some reduced mental acuity and headaches over a la-hour period (see 
Figure 8). Since noise is believed to lower susceptibility levels, one would 
also suspect that CO combined with elevated noise levels may have a synergistic 
effect, thereby intensifying the potential acuity problem. 

Other effects of slightly elevated carabon monoxide concentrations include 
cardiac function effects (~30 ppm CO) and work performance impairment (~120 ppm). 
Poisoning, however, is rarely reported at levels below 60 ppm because it is 
asymptomatic (Sax 1957). 

Based on the calculated concentrations of the diesel exhaust constituents, 
these constituents such as sulfur dioxide (S02)' photo chemical oxidants, 
nitrogen dioxide, and particulates are not expected to exceed the "alert 
levels" as specified in the Clean Air Act (PL 91-604). More research is 

needed to determine the health effects of diesel exhaust since diesel parti
culates are bonded to organic compounds which have been shown to be at least 
mutagenic and may be carcinogenic (Environmental Reporter 1979). 
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When using the technique of horizontal boreholes from shaft bottoms, men 
must be sent to the bottom of the shaft drill the horizontal boreholes. The 
ventilation must be excellent to remove the methane accumulating in the shaft 
and the gases produced by the drilling rigs and these reduce the potential 
exposure to high levels of methane. 

Another source of airborne pollutants is windborne fracturing fluid 
chemicals during the fracturing process. Proper handling procedures will 
eliminate this source of pollutant. 

5.2.3 Mining Hazards 

Techniques associated with degasification of coal seams may result in 
increased hazards to miners. For example fracturing of coal has proved effec

tive in increasing the gas flowrates however, most mine operators are concerned 
that fracturing may damage the overlying rock, which makes up the roof of the 
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mine, creating unsafe mine conditions. Although a number of stimulated bore
holes have been mined through and show that the fracturing was contained within 
the coal seam, more research is needed to guarantee that the overlying rock is 
not damaged by fracturing. 

Also there ;s a potential safety hazard associated with a pipeline in the 
mine. Concentrations for explosive mixtures of methane air range from 5% to 
15% by volume. In the case of an accident or detector malfunction, a leak in 
the pipeline could fill the mine area with an explosive mixture very quickly. 
Mining safety regulations require that the pipeline be intrinsically safe and 
incorporate fail-safe leak detectors and s'hut-off valves. There has been limited 
operational experience with these fail-safe systems. The overall effectiveness 
of these systems ;s not known. 

Another problem ;s the danger of mining through a degasification borehole. 
This empty space is essentially a "gas pocket" and can almost instantly create 
an explosive mixture. Extreme care must be taken with horizontal boreholes so 
that their exact location is known when mining operations approach the area. 
Extra precautions may be taken by totally plugging the borehole before the 
mining operation comes close. This would decrease the chances of explosive 
mixtures entering the mine. More research is needed to determine the potential 
hazard and methods for reducing the chances of explosive mixtures entering the 
mine. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

No significant environmental barriers to the development of coalbed methane 
have been identified. The most important environmental impacts identified were 
from health and safety impacts during fracturing and from potential health and 
safety impacts to miners during coal mining. The impacts during fracturing 
result from the emissions released by the diesel engines and from high levels 
of noise. The potential impacts to miners result from the potential for 
cave-ins due to fracturing of overlying strata during stimulation and from the 
potential for explosions due to in-mine pipeline leaks and intersection with 
gas pockets caused by boreholes used in degasification. Environmental impacts 
can also result from road construction, well pad clearing and well drilling; 
however it appears that most of these effects would be localized and/or tempo
rary. There are limitations in current abilities to predict and assess environ
mental effects. It is therefore recommended that further work be done to 
improve knowledge in the areas of health and safety impacts of diesel emis
sions and high levels of noise and in the areas of the potential health and 
safety impacts on miners due to fracturing in mine pipelines and borehole 
degasification techniques. 

The principal barriers to commercial utilization of this resource are based 
on institutional issues and the perception of mining hazards. The institutional 
barriers include ownership of the methane, classification of coa1bed methane, 
applicability of regulations and jurisdictional control of the Federal Energy 
Regulatory Commission. The perception of potential hazards to miners from 
cave-ins and explosions resulting from coalbed degasification activities have 
caused many mine operators to oppose coalbed degasificationactivities. Recent 
court decisions and the results of research into the potential coal mining 
hazards should help to overcome these barriers. 
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