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DIRECT METHOD DETERMINATION OF THE GAS CONTENT OF COAL:
PROCEDURES AND RESULTS

by

W. P. Diamond! and J. R. Levine?

ABSTRACT

The explosion hazard of methane-air mixtures has become an increasingly
serious mine planning problem, and an advance assessment of methane gas poten-—
tial can therefore be essential for a safe and economic mine development pro-
gram. As part of its coal mine health and safety program, the Bureau of Mines
has developed a simple, inexpensive test to measure the methane content of
coal samples obtained from exploration cores. The gas content of coal per
unit weight as determined by the direct method test can be used as a basis for
a preliminary estimate of mine ventilation requirements, and to determine if
degasification of the coalbed in advance of mining should be considered.

Since the Bureau began measuring the gas content of coal samples in 1972,
experience has led to equipment and procedural changes, the most significant
of which has been the development of a ball mill for crushing the coal sample
to release the residual gas at the end of the desorption test period. This
revised procediure replaces the crushing box and graphical methods described in
earlier Bureau publications.

The results of 583 direct method tests are summarized in tabular form.
These results include data on the gas content of 125 coalbeds in 15 States.

INTRODUCTION AND HISTORICAL DEVELOPMENT

The Bureau of Mines originally became interested in determining the
methane content of virgin coal as an aid in estimating the amount of methane
that would be released in an active mine. The method developed for this
purpose (§j2)3 was a variation on a method reported by French researchers in
1970 (2). The primary differences between the procedures were that the method

1Supervisory geologist.

2Geologist.

Both authors are with the Pittsburgh Research Center, Bureau of Mines,
Pittsburgh, Pa.

3Underlined numbers in parentheses refer to items in the list of references
preceding the appendixes.
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3 crushing the coal sample in a

BY DIRECT METHOD, cm“/g jaw crusher within a sealed,
clear plastic box. The box
was purged of air prior to
crushing and filled with nitrogen. The operator worked inside the sealed box
through flexible rubber sleeves as shown in figure 2. After the coal was
crushed, gas samples were taken for compositional analysis. The percent
methane in the sample was used in conjunction with the free space volume
inside the box to calculate the volume of gas released by the crushing
procedure.

FIGURE 1. - Gas content of coal versus actual mine emission.,

The crushing box procedure was cumbersome and time consuming; therefore,
research efforts were directed toward developing a graphical procedure for
estimating the residual gas. Several coal sample physical and chemical
variables associated with the gas content data base were evaluated for
possible estimating parameters. After evaluating all the available data, it
was determined that a graphical procedure based on the friable or blocky



FIGURE 2. - Crushing box used in original procedure for determining residual gas.

character of the individual coal sample, and the amount of lost and desorbed
gas at a specific time cutoff would provide an acceptable estimate of
residual gas (5).

However, subsequent to the development of the graphical procedure and the
acquisition of a substantially larger data base, Bureau researchers determined
that the graphical method was not sufficiently reliable. The problem with the
graph was that it was based on residual gas data obtained from the crushing
box. It was found that the plastic covering of the box did not always seal
properly, and the rubber sleeves periodically developed leaks. It was not
known exactly when the box began leaking, or on which previous samples leaks
had developed; therefore, the reliability of the residual gas results was in
question. Because the graphical procedure was based on the results from the
crushing box, the graph could not be considered valid.

To improve the reliability of the gas content testing procedure, a new
crushing method that would allow the direct measurement of the volume of
residual gas has been developed. This method uses a sealed ball mill crushing
apparatus that will be discussed in detail in the "Equipment and Procedures”
section of this report. Comparison of data obtained by this direct method
with estimates from the graph have further confirmed that the graphical proce-
dure is not always reliable.



Gas content determinations have heen completed on 583 individual coal
samples since the first test was completed in 1972, The testing procedure has
evolved to provide more complete and reliable data. A summary of the test
results and an indication of the reliability of those results is presented in
Appendix A.
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EQUIPMENT AND PROCEDURES

Sampling

Coal samples for gas content testing are usually obtained by the Bureau
from exploratory coreholes of private coal companies. Because of quality
testing needs of coal companies, it is generally possible to obtain only
enough sample for one gas test on a coalbed. Therefore, it has been Bureau
practice to obtain the cleanest section of coal; that is, coal without obvious
extraneous shale, pyrite, or other noncoal inclusions. Multiple testing, or
even testing of the entire coalbed, would be the preferable sampling
procedure.

The person collecting the coal samples in the field must be present at
the site when the coalbed is cored. To calculate a portion of the total gas
content, that person must accurately record the exact times of coalbed
encounter, start of core retrieval, and elapse time until the sample is sealed
in the sample container.

Test Equipment

Figure 3 shows sample containers of several shapes and sizes that have

been constructed for various testing purposes. The standard container (can A)
used by the Bureau is made from a 12-inch piece of aluminum pipe, having an
inside diameter of 4 inches. A top flange and bottom plate have been welded
to the pipe section, and a removable 1id that attaches to the top flange can
be fitted with a gage and various types of valve assemblies. A diagram of
this canister is presented in appendix B. Valves with a quick-connect capa-
bility are preferred if a large number of samples are tested at the same time.



FIGURE 3. - Sample containers used for direct method testing of coal samples. Can A—standard
container, cans B, C, and D-plastic water filter containers,

A less expensive alternative to the metal canisters are the various
plastic water filter housings (cans B, C, and D) available from many plumbing
supply outlets. These containers are sometimes awkward to use because of
their rounded bottoms (cans C and D), or because of the difficulty of opening
and/or sealing the large screw—type caps. Thus, standard metal containers are
preferred because of their flat bottoms and durability, especially in long-
term collection programs. In general, any contaliner that can be easily sealed
airtight, can contain about 2,000 grams of sample, and can hold approximately
50 pounds of internal pressure would be adequate for the test.

It has been suggested that containers of greater length, perhaps even
long enough to hold an entire core of a coalbed should be used for testing.
Although it would be preferable to test the entire core, several complications
may arise in using large containers. Occasionally, a sample container will
leak, invalidating the test. If six individual 1-foot sections of a 6-foot
coalbed are tested separately, a leak in one can is of little consequence.
But if the entire 6 feet is placed in one can, and it leaks, few usable data
are obtained. Coal samples that are friable and very gassy will usually give
off large volumes of gas early in the desorption procedure. If very large
amounts of coal of this type are sealed into a large canister, then bleeding
the large volume of gas into the measuring apparatus, which will be described
later, can require an excessive amount of time which can invalidate the cal-
culation of the lost gas.
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needed to measure the actual
3O4bﬁn29099\Ju volume of gas desorbing from

4 inverted graduated the coal sample consists ?f
cylinder an inverted graduated cylin-
(\\: der sitting in a pan filled
with water and a ring stand
Tube { and clamps to hold the
Sample = graduated cylinder in place.
container 1 Clamp The desorbed gas that col-
-1 stand lects in the canister is
— -~ - periodically bled into the
—— 1 graduated cylinder and
— — measured as the volume of
water displaced. This pro-
= cedure is performed both at
Pan of water the drill site and subse-
quently, in the laboratory.

Valve

FIGURE 4. - Equipment for direct method testing of coal
samples. Calculation of Gas Content

The gas content of a
particular sample is composed of lost, desorbed, and residual gas, each of
which is determined by slightly different techniques. A core sample actually
begins to desorb gas before it is sealed in the sample container. The amount
of this lost gas depends on the drilling medium and the time required to
retrieve, measure, and describe the core and seal the sample in the can. The
shorter the time required to collect the sample and seal it into the can, the
greater the confidence in the lost gas calculation. 1In general, because of
its speed, wire line retrieval of the core is preferable to conventional
coring. 1If air or mist is used in drilling, it is assumed that the coal begins
desorbing gas immediately upon penetration by the core barrel. With water,
desorption is assumed to begin when the core is halfway out of the hole; that
is, when the gas pressure is assumed to exceed that of hydrostatic head.

The lost gas can be calculated by a graphical method based on the rela-
tionship that for the first few hours of emission, the volume of gas given
off is proportional to the square root of the desorption time. A plot of the
cumulative emission after each reading against the square root of the time
that the sample has been desorbing ideally would produce a straight line.

A sample of experimental data (table 1) and supplementary information
used to construct a lost gas graph follows:

Drilling medium—-water.
Time coalbed encountered (A)--12:01 a.m.
Time core started out of hole (B)--12:30 a.m.

Time core reached surface (C)—--12:40 a.m.



/ Time core sealed in canister (D)--12:50 a.m.
Lost gas time: (D=-A) if air or mist is used

C=-B . .
(D-C) + —5 if water is used

(12:40-12:30)
2

(12:50~12:40) +

10
10+—'2—

15 minutes.

1]

TABLE 1. - Data for lost gas graph

|
( Time since Jﬁﬁnw in | Gas released, | Total gas,
Reading Time, a.m. placed in cantl5, cm® cm®
L can, min mint /2
leeeieoncsannns 12:50 0 3.87 0 0
‘2... ...... ceees 1:05 15 5.48 92 92
K 1:20 30 6.71 84 176
Seavionas . 1:35 45 7.75 55 231
L 2 1:50 60 8.66 36 267
Beeorococcannas 2:05 75 9.49 40 307
Jeeescaooonosas 2:20 90 10:25 33 340

|

The resulting graph is shown in figure 5. The intercept on the X axis
is the square root of the elapsed time (lost gas time) in minutes from the
time gas desorption begins and the sample is sealed in the container. The
estimated value of the lost gas 1is the point at which the constructed line
intercepts the negative Y axis.

The desorbed gas is simply the total volume of gas drained from the sam-
ple and measured in the graduated cylinder. The desorbing of a sample is
generally allowed to continue until a very low emission rate is obtained,
generally an average of less than 10 cm® of gas per day for 1 week. The time
required to reach this low rate of emission will vary considerably and is
affected by many things, including the size of the sample, the physical
characteristics of the coal, and the amount of gas contained in the sample.

At the point at which it is determined to discontinue the measurement of
desorbed gas, the coal sample will usually still contain gas. To complete the
gas determination procedures, the amount of residual gas must be measured.

The procedure recommended by the Bureau is to crush the coal in a sealed ball
mill. The ball mill constructed for crushing coal (fig. 6) was fabricated
from a piece of 1/4-inch-wall, 7-inch-diameter steel pipe. A steel plate was

|

/
/

welded to the bottom, and a lid was fitted to the top. At the top, a short
section of pipe with l-inch wall thickness was welded inside the 7~inch pipe
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FIGURE 6. - Ball mill used to crush coal for
new residual gas determinations
procedure.

to provide sufficient surface area for machining a groove for an O-ring seal

and for bolt holes to secure the 1lid.
in appendix B.

A diagram of the ball mill is presented



A trial-and-error procedure was used to determine the type of grinding
media that would efficiently crush coal to a fine powder in a reasonably short
time period. The standard grinding media used by the Bureau comprises 2
l-inch-diameter hexagonal steel rods, 2.5 and 3.2 inches long; and 4 2-inch,
24 1-inch, and 100 0.5-inch steel balls. Coal sample weights of less than
1,000 grams are generally preferable for complete crushing. The larger the
volume of sample, the greater the cushioning effect on the grinding media and
the greater the possibility of large amounts of uncrushed coal. The Utah
Geological and Mineral Survey has recently constructed a ball mill similar
to that used by the Bureau, except that it has three vertical fins on the
interior of the mill. The fins reportedly reduce the cushioning effect of
the accumulated powder and reduce the time required to crush the sample
completely.

The ball mill is tumbled on a roller machine (fig. 7) for approximately
1 hour to crush the coal. The mill is allowed to cool to room temperature,
and the volume of gas released is then measured by the water displacement
method. The crushed powder and any uncrushed lumps are weighed separately.
The volume of gas released is attributed only to the crushed powder. A set
of residual gas data and calculation procedure follows:

FIGURE 7. - Roller machine for tumbling coal samples in ball mill.
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Weight of crushed powder--735 grams.

Weight of uncrushed lumps--45 grams.

Volume of gas bleed off--1,082 cm®,
Gas bleed off, cm®
Weight of sample crushed to powder, grams
1,082 cm®
735 grams

1.5 ecm®/g.

Residual gas calculation =

Theoretically, it is possible to crush a coal sample in the ball mill at
any point after collection and to obtain the total gas content (excluding lost
gas) of the sample. This procedure is generally not considered appropriate if
maximum information from the sample is desired. By crushing the sample before
the desorption process is complete, it is impossible to obtain the relative
amounts of desorbed and residual gas. This distinction is important because
the actual residual gas, which will not desorb from the sample while sealed in
the canister, probably represents gas that will not flow to a degasification
borehole and possibly represents gas that will not be emitted into a mine
atmosphere. It is true that during the process of mining coal, the coal is
broken up into variously sized pieces; however, the majority of these pieces
will not usually duplicate the very fine powder that the ball mill produces
in the residual gas procedure.

The total gas content of a particular sample is the volume of lost gas
and desorbed gas divided by the total sample weight plus the residual gas
content. The calculation procedure and sample data set follow:

Lost gas=--240 cm®.

Desorbed gas--3,246 cm®.

Total sample weight-~780 grams.

Residual gas--1.5 cm®/g.

= Lost gas + desorbed gas . residual gas

Total gas
8 Total sample weight

_ 240 cm® + 3,246 cm®

3
780 grams + 1.5 em®/g

4,5 + 1.5

6.0 cm®/g.

Auxiliary Test Procedures

Proximate, ultimate, and Btu analyses are obtained on the crushed powder
from the residual gas test. These test results can be used to further evaluate
the gas content results on a practical and theoretical basis. Because the gas
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content is presented on a volume-to-weight ratio, the presence of noncoal
material, primarily shale and pyrite=--which adds weight but not gas storage
capacity--can produce seemingly erroneous data. Thus two samples from the
same coalbed core may have gas contents varying by several cubic centimeters
per gram if one sample contains appreciably higher noncoal material. The

coal analysis will help determine if noncoal material is influencing the total
gas content,

Theoretical studies on the influence of depth of burial on the gas con-
tent are preferably done on a clean coal, thus removing the noncoal material
variable from the evaluation. However, because coalbeds do contain noncoal
material, the actual in-place methane in a particular volume of coal should
be related to the as-received coal data.

Theoretically, the gas content of coal is influenced by the rank of the
coal, with higher ranks generally having higher gas contents. The coal
analysis can be used to determine the apparent rank of the coal by ASTM Stan-
dard D388 (1) for evaluation of the rank parameter.

Gas samples should be obtained periodically during the desorption testing
of coal samples. Gas compositional analysis will provide information on the
gas quality, especially what, if any, gases other than hydrocarbons are
present,

SUMMARY

The Bureau has developed and refined a simple, inexpensive testing proce-
dure to directly determine the gas content of coal samples obtained from
exploration coal cores. The procedures for determining the lost and desorbed
gas in a coal sample have remained essentially the same, but the residual gas
determination procedure has been revised. The current recommended residual
gas procedure involves crushing the coal sample at the end of the desorption
period in a sealed ball mill and then measuring the liberated gas directly by
a water displacement method.
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APPENDIX A.~--RESULTS OF DIRECT METHOD GAS CONTENT DETERMINATIONS
ON U.S. COAL SAMPLES

Table A-1 is a compilation of direct method test results on coal samples
collected between 1972 and mid-1979. The results are listed alphabetically by
coalbed. To better evaluate the total gas content of each sample, the com-
ponent parts of the total are listed. The major physical and chemical
variables known to affect the gas content of coal samples are provided if
available. Space limitations preclude the listing of all detailed data asso-
ciated with each sample, but this information is available for specific
samples from the Bureau's Pittsburgh Research Center. The Bureau has also
published detailed geologic studies related to the occurrence of methane in
selected coal measures. A bibliography of these papers, as well as other
topics related to the occurrence and premining drainage of methane, is avail-
able from the Bureau of Mines, Methane Control Group, P.0. Box 18070,
Pittsburgh, Pa. 15236.

Discussion of Data Presented in Table A-1

Coalbed: Coalbed names are generally those assigned by the cooperating
coal companies or by other agencies supplying samples or data to the Bureau.
If the name of the coalbed is unknown, either the formation name is listed or
the sample is cataloged by the State name followed by (unc) for uncorrelated.
A (?) following the coalbed name indicates that the name is probably correct,
but the coal may be miscorrelated. The following abbreviations for different
benches of the same coalbed are used in association with the coalbed name:

U = upper, M = middle, and L = lower.

State and County: Coal companies are generally reluctant to permit pub-
licationof the exact location of their exploratory coreholes. The location of
sample collection sites are therefore identified only by the State and county.

Sample depth, feet: The measured depth of the bottom of the sample
placed in the desorption container, rounded off to the nearest foot.

Lost gas, cm°: That portion of the total gas content lost before the coal
sample was sealed in the canister, estimated by the graphical procedure
described in the text. A dash in the lost gas column indicates that the lost
gas could not be calculated, usually because of incomplete sample data.

Desorbed gas, cm°: That portion of the total gas content liberated from
the sample while sealed in the collection container and measured directly by
the water displacement method described in the text.

Gas content, cm®/g, excluding residual gas: Determined by adding the lost
and desorbed gas and dividing by the total sample weight; represents the gas
that desorbed from the sample naturally. This may be the only valid gas con=-
tent data for those samples for which residual gas was determined by the
crushing box or graphical procedures. This value is probably less than the
actual total gas content of those samples, —
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Residual gas, cm®, and method of calculation: That portion of the total
gas content of the sample remaining in the coal at the end of the desorption
period, which will not freely desorb from the coal while sealed in the con-
tainer. The residual gas has been determined by three methods as described
in the text: CB = crushing box, G = graphical, and BM = ball mill. The
crushing box method was determined to be unreliable; therefore, the graphical
procedure based on the crushing box data must be considered unreliable. The
residual gas data obtained from the ball mill is considered valid. A dash in
this column indicates that this value was not determined, usually because the
donors did not want the samples to be crushed.

Total gas content, cm®/g: Determined by adding the column labeled Gas
content, excluding residual gas, and the Residual gas column., The total gas
content (subject to the validity of the residual gas) represents the gas con-
tent of the coal sample on an as-received basis.

Apparent rank: Determined from coal analysis data by the method described
in ASTM Standards D388 (1). The abbreviations (samples from all coal groups
may not appear in table A-1) correspond to the following standard coal groups:

M-Ant--Meta -anthracite.
Ant--Anthracite.

Semi Ant--Semianthracite.
LV--Low-volatile bituminous.
MV=--Medium-volatile bituminous.

HV-A--High-volatile A bituminous.
HV-B--High-volatile B bituminous.
HV-C-~High~volatile C bituminous.
Sub=A~-Subbituminous
Sub-B-~Subbituminous
Sub~C--Subbituminous
Lig-A--Lignite A.
Lig-B--Lignite B.

aw X

A dash in the apparent rank column indicates that a rank determination could
not be made because of the lack of coal analysis data.

Percent ash, as-received: Data are presented to permit an evaluation of
the possible effect of the amount of ash on the total gas content of the
sample. Because the mineral matter represented by the ash in the coal analysis
adds weight, but generally no gas, an abnormally low gas content may be
measured if a high mineral matter content is present. A dash in this column
indicates that a coal analysis was not obtained on the sample.

Code: Assigned to each coal sample processed for gas content determina-
tion by the Bureau. All inquiries concerning specific samples should refer
to these code numbers.
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APPENDIX B.--DIAGRAMS OF STANDARD DIRECT METHOD TEST
SAMPLE CONTAINER AND BALL MILL

r 2—'5 radius ]
No.I tap il [ s [ Note: oll dmensions n inches| _eegle valve
5 s N / ,'2|—6 radius { .
2 -18 NC / 0-30-psi gage
6 holes” T o >
5 .
2§ radius._ Hose adapter

S.18NC xFinch- N
long socket head
machine screws

®) —

[ .

E""Ch continuous
weld all around both /
top and bottom _~"

Q-drill
\ 6 holes

< 2% radius /_'\\ /

‘ N

S‘ % NPT/ |
/ 4 "\\\

|
LN “
Continuous weld i “

SECTIONAL
DESORBING CANISTER
ASSEMBLY

FIGURE B-1. - Standard direct method test sample container. -



2% radius
N 2% radiug a 8

No.7 drill, %-20 N

,,2%,_ radius

ired 2
6 requm{ed g deep

o
|
N

@

[ -
18]

Note:

All dimensions in inches

Clearance between id and od
of mating parts=0.010

FIGURE B-2. - Ball mill used to crush coal for new residual gas determination procedure.

lHose adapter
Needle valve

l_ -
3 20 hex

head machine 7/,
screws (6)—

lBXS%-inch'od
O-ring —

%-inch continuous s
weld both top N
and bottom

e I

SECTIONAL BALL MILL ASSEMBLY

35




36

APPENDIX C.--FIELD DATA COLLECTION FORM FOR DIRECT METHOD TEST

Sample No. Date

Company Person collecting core
Drilling Company Hole No.

Hole location

State County

Coalbed Core size Barrel length

Coalbed thickness

Depth to base of coalbed

Roof

Floor rock

rock Drilling media

Type of core retrieval

Surface elevation

Air temperature

Condition of sample, type of coal
Seam description
Sample interval
Cylinder No. Cylinder wt. Coal sample wt. (grams)
Time coalbed encountered (A) Time coring started
Time core started out of hole (B) Time coring completed
Time core reached surface (C)
Time core sealed in canister (D)
RESULTS

Lost gas time: (D-A) if air or mist is used

(p-Cc) + <¥%§‘> if water is used
Lost gas (em3)
Gas from canister (cmd)

Residual gas from crushing (cm3/g)
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