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

by 

W. P. D i a m o n d 1  and J. R. Lev ine2 

ABSTRACT 

The e x p l o s i o n  hazard of methane-air  mix tu res  has  become a n  i n c r e a s i n g l y  
s e r i o u s  mine p lann ing  problem, and a n  advance assessment  of methane gas  poten- 
t i a l  can t h e r e f o r e  be e s s e n t i a l  f o r  a  s a f e  and economic mine development pro- 
gram. A s  p a r t  of i t s  c o a l  mine h e a l t h  and s a f e t y  program, t h e  Bureau of Mines 
h a s  developed a  s imple ,  inexpens ive  t e s t  t o  measure t h e  methane c o n t e n t  of 
c o a l  samples o b t a i n e d  from e x p l o r a t i o n  cores .  The gas  c o n t e n t  of c o a l  p e r  
u n i t  weight  a s  determined by t h e  d i r e c t  method t e s t  can be used a s  a  b a s i s  f o r  
a  p r e l i m i n a r y  e s t i m a t e  of mine v e n t i l a t i o n  requ i rements ,  and t o  de te rmine  i f  
d e g a s i f i c a t i o n  of t h e  coalbed i n  advance of mining should be considered.  

S ince  t h e  Rureau began measuring t h e  gas  c o n t e n t  of c o a l  samples i n  1972, 
e x p e r i e n c e  has  l e d  t o  equipment and p r o c e d u r a l  changes,  t h e  most s i g n i f i c a n t  
of which has  been t h e  development of a  b a l l  m i l l  f o r  c r u s h i n g  t h e  c o a l  sample 
t o  r e l e a s e  t h e  r e s i d u a l  g a s  a t  t h e  end of t h e  d e s o r p t i o n  t e s t  pe r iod .  T h i s  
r e v i s e d  procedfire r e p l a c e s  t h e  c r u s h i n g  box and g r a p h i c a l  methods d e s c r i b e d  i n  
e a r l i e r  Bureau p ~ i b l i c a t i o n s .  

The r e s u l t s  of 583 d i r e c t  method t e s t s  a r e  summarized i n  t a b u l a r  form. 
These r e s u l t s  i n c l u d e  d a t a  on t h e  gas  c o n t e n t  of 125 coa lbeds  i n  15 S t a t e s .  

INTRODUCTION AND HISTORICAL DEVELOPMENT 

The Bureau of Mines o r i g i n a l l y  became i n t e r e s t e d  i n  de te rmin ing  t h e  
methane c o n t e n t  of v i r g i n  c o a l  a s  a n  a i d  i n  e s t i m a t i n g  t h e  amount of methane 
t h a t  would be r e l e a s e d  i n  an a c t i v e  mine. The method developed f o r  t h i s  
purpose  (3-5)3 was a  v a r i a t i o n  on a  method r e p o r t e d  by French r e s e a r c h e r s  i n  --  
1970 ( 2 ) .  The primary d i f f e r e n c e s  between t h e  procedures  were t h a t  t h e  method - 

' ~ u ~ e r v i s o r ~  g e o l o g i s t .  
2 ~ e o l o g i s t .  
Both a u t h o r s  a r e  w i t h  t h e  P i t t s b u r g h  Research Cente r ,  Rureau of Mines, 

P i t t s b u r g h ,  Pa. 
3 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  r e f e r  t o  i t ems  i n  t h e  l i s t  of r e f e r e n c e s  

p reced ing  t h e  appendixes.  
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investigated by the Bureau 
used samples of virgin coal 
from exploration cores, and 
the French researchers 
reported results on drill 
cuttings taken from holes 
drilled into coalbeds from 
working faces underground. 

The Bureau's initial 
research results were used to 
construct a graph (fig. 1) 
that related direct method 
test values to the actual 
measured methane emissions of 
nearby mines. The corre- 
lation was good for large, 
deep mines, with a sustained 
coal production of at least 
several thousand tons a day 
that had been in operation 
for several years. A com- 
plete discussion of the use 
of this graph is available 
(i) 

The Bureau's original 
test method included a crush- 

Mary Lee No.1 Mine a, , , , , , , I  ing procedure to indirectly 
Inland Mine measure the volume of gas 

remaining in the coal sample 

4 8 12 16 after desorption ceased. 

GAS CONTENT MEASURED 20 This procedure involved 
crushing the coal sample in a 

BY DIRECT METHOD, cm3/~ jaw crusher within a sealed, 

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

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 (2). 

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 hegan 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 been 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 Rureau 
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 Rureau 
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 coalhed, 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 lid 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 6, 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 container.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 cdre 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. 



The equipment ( f i g .  4 )  
needed t o  measure the  a c t u a l  
volume of gas desorb ing  from 
the  c o a l  sample c o n s i s t s  of 
an  i nve r t ed  graduated c y l i n -  
d e r  s i t t i n g  i n  a  pan f i l l e d  
w i t h  water  and a  r i n g  s t a n d  
and clamps t o  hold t he  

Sample graduated c y l i n d e r  i n  p lace .  

container The desorbed gas t h a t  c o l -  
l e c t s  i n  t h e  c a n i s t e r  i s  
p e r i o d i c a l l y  b l e d  i n t o  t h e  
graduated cy l inde r  and 
measured a s  t h e  volume of 
water  d i sp l aced .  This  pro-  
cedure i s  performed both a t  

Pan of water t he  d r i l l  s i t e  and subse-  
quen t ly ,  i n  t h e  l abo ra to ry .  

FIGURE 4. - Equipment for direct method testing of coal 
samples. Ca l cu l a t i on  of Gas Content 

The gas con ten t  of a  
p a r t i c u l a r  sample i s  composed of l o s t ,  desorbed,  and r e s i d u a l  g a s ,  each of 
which i s  determined by s l i g h t l y  d i f f e r e n t  techniques.  A co re  sample a c t u a l l y  
begins  t o  desorb gas before  i t  i s  s e a l e d  i n  t h e  sample con ta ine r .  The amount 
of t h i s  l o s t  gas depends on t h e  d r i l l i n g  medium and t h e  t ime requi red  t o  
r e t r i e v e ,  measure,  and desc r ibe  t h e  core  and s e a l  t h e  sample i n  t h e  can. The 
s h o r t e r  t he  time r equ i r ed  t o  c o l l e c t  t h e  sample and s e a l  i t  i n t o  t h e  can ,  t h e  
g r e a t e r  t h e  confidence i n  t he  l o s t  gas c a l c u l a t i o n .  I n  g e n e r a l ,  because of 
i t s  speed ,  wi re  l i n e  r e t r i e v a l  of t he  co re  i s  p r e f e r a b l e  t o  convent ional  
c o r i n g .  I f  a i r  o r  mi s t  i s  used i n  d r i l l i n g ,  i t  is  assumed t h a t  t he  c o a l  begins  
desorb ing  gas  immediately upon p e n e t r a t i o n  by t h e  core  b a r r e l .  With wa te r ,  
d e s o r p t i o n  i s  assumed t o  begin  when the  core  i s  halfway out  of t he  ho le ;  t h a t  
i s ,  when t h e  gas p re s su re  is  assumed t o  exceed t h a t  of h y d r o s t a t i c  head. 

The l o s t  gas can be c a l c u l a t e d  by a  g r a p h i c a l  method based on t h e  r e l a -  
t i o n s h i p  t h a t  f o r  t h e  f i r s t  few hours of emiss ion ,  t h e  volume of gas  g iven  
o f f  i s  p ropor t i ona l  t o  t h e  square r o o t  of t h e  deso rp t ion  time. A p l o t  of t h e  
cumulat ive emission a f t e r  each  read ing  a g a i n s t  t h e  square r o o t  of t h e  t ime 
t h a t  t h e  sample has been desorbing i d e a l l y  would produce a  s t r a i g h t  l i n e .  

A sample of experimental  d a t a  ( t a b l e  1 )  and supplementary information 
used t o  c o n s t r u c t  a  l o s t  gas  graph fol lows:  

D r i l l i n g  medium--water. 

Time coalbed encountered (A)--12 : 01 a.m. 

Time core  s t a r t e d  o u t  of h o l e  (B)--12:30 a.m. 

Time c o r e  reached s u r f a c e  (C)--12:40 a.m. 



Time core sea led  i n  c a n i s t e r  (D)--12:50 a.m. 

Lost gas time: (D-A) i f  a i r  o r  m i s t  i s  used 

I C -B 
(D-C) + i f  water  i s  used 1 

= 15 minutes. 

TABLE 1. - Data f o r  l o s t  gas graph 
I 

( The r e s u l t i n g  graph i s  shown i n  f igu re  5 .  The in t e rcep t  on the X a x i s  1 

3.87 
5.48 
6.71 
7.75 
8.66 
9 .49 

10:25 

i s  t h e  square roo t  of the  elapsed time ( l o s t  gas time) i n  minutes from the 1 

Time s ince  
placed i n  

can,  min 
0 

15 
30 
45 
60 
75 
90 

Reading 

I.............. 
2.. . . . . . . . . . . . .  
3 . . . . .  ......... 
4.. . . . . . .  ...... 
5.............. 
6.. . . . . . .  ...... 
7 . . . .  .......... 

t i m e  gas desorpt ion  begins and the  sample i s  sea led  i n  the  conta iner .  The 
es t imated  value of the  l o s t  gas i s  the poin t  a t  which the  constructed l i n e  

Gas r e l eased ,  
cm3 

0 
92 
84 
55 
36 
40 
33 

T i m ,  a.m. 

12 : 50 
1:05 
1:20 
1:35 
1:50 
2:05 
2:20 

i n t e r c e p t s  t h e  negat ive Y a x i s .  

The desorbed gas is  simply the t o t a l  volume of gas drained from t h e  Sam- 

Tota l  gas ,  
cm3 

0 
92 

176 
23 1 
267 
307 
340 

p l e  and measured i n  the  graduated cy l inde r .  The desorbing of a sample i s  1 
genera l ly  allowed t o  continue u n t i l  a very low emission r a t e  i s  obtained,  
gene ra l ly  an average of l e s s  than 10 cm3 of gas per  day f o r  1 week. The time 
requi red  t o  reach t h i s  low r a t e  of emission w i l l  vary considerably and i s  
a f f e c t e d  by many th ings ,  including the  s i z e  of t h e  sample, the  physical  
c h a r a c t e r i s t i c s  of the  c o a l ,  and the amount of gas contained i n  t h e  sample. 

A t  the  poin t  a t  which i t  i s  determined t o  discontinue the  measurement of 
desorbed gas ,  the  c o a l  sample w i l l  usual ly  s t i l l  conta in  gas. To complete the  
gas determinat ion procedures, the amount of r e s i d u a l  gas must be measured. 
The procedure recommended by the  Bureau i s  t o  crush the coa l  i n  a sea led  b a l l  
m i l l .  The b a l l  m i l l  constructed f o r  crushing c o a l  ( f i g .  6)  was f ab r i ca ted  
from a piece of 1/4-inch-wall,  7-inch-diameter s t e e l  pipe.  A s t e e l  p l a t e  was 
welded t o  the  bottom, and a l i d  was f i t t e d  t o  the  top.  A t  the  top ,  a s h o r t  

1 s e c t i o n  of pipe with 1-inch w a l l  thickness was welded ins ide  the  7-inch pipe 1 



FIGURE 5.  - Lost  gas graph. FIGURE 6. - Bal l  mi l l  used to crush coal for 
new residual gas determinations 
procedure. 

t o  provide s u f f i c i e n t  surface area  f o r  machining a groove f o r  an O-ring s e a l  
and f o r  b o l t  holes t o  secure the  l i d .  A diagram of the  b a l l  m i l l  i s  presented 
i n  appendix B. 



A t r i a l - a n d - e r r o r  procedure was used t o  determine the  type  of gr inding  
media t h a t  would e f f i c i e n t l y  c rush  c o a l  t o  a f i n e  powder i n  a reasonably s h o r t  
t ime per iod .  The s tandard  gr inding  media used by t h e  Bureau comprises 2 
1- inch-diameter  hexagonal s t e e l  rods ,  2 .5 and 3 . 2  inches long; and 4 2- inch,  
24 1- inch,and 100 0.5- inch s t e e l  b a l l s .  Coal sample weights of l e s s  than  
1 ,000  grams a r e  gene ra l ly  p r e f e r a b l e  f o r  complete crushing.  The l a r g e r  t h e  
volume of sample, t h e  g r e a t e r  t h e  cushioning e f f e c t  on t h e  gr inding  media and 
t h e  g r e a t e r  t h e  p o s s i b i l i t y  of l a r g e  amounts of uncrushed c o a l .  The Utah 
Geologica]. and Mineral Survey has r e c e n t l y  cons t ruc ted  a b a l l  m i l l  s i m i l a r  
t o  t h a t  used by t h e  Bureau, excep t  t h a t  i t  has t h r e e  v e r t i c a l  f i n s  on t h e  
i n t e r i o r  of t h e  m i l l .  The f i n s  r epo r t ed ly  reduce t h e  cushioning e f f e c t  of 
t h e  accumulated powder and reduce t h e  time requi red  t o  c rush  t h e  sample 
completely.  

The b a l l  m i l l  is tumbled on a r o l l e r  machine ( f i g .  7)  f o r  approximately 
1 hour t o  c rush  t h e  coa l .  The m i l l  i s  allowed t o  coo l  t o  room temperature,  
and t h e  volume of gas r e l ea sed  i s  then  measured by t h e  water  displacement 
method. The crushed powder and any uncrushed lumps a r e  weighed sepa ra t e ly .  
The volume of gas r e l ea sed  i s  a t t r i b u t e d  only t o  t h e  crushed powder. A s e t  
of r e s i d u a l  gas d a t a  and c a l c u l a t i o n  procedure fol lows:  

FIGURE 7. - Rol ler  machine for tumbling coal  samples in  ba l l  m i l l .  



Weight of crushed powder--735 grams. 

Weight of uncrushed lumps--45 grams. 

Volume of  gas b leed  o f f  --1,082 cm3. - 

Gas b leed  o f f ,  cm3 
Res idua l  gas c a l c u l a t i o n  = Weight of sample crushed t o  powder, grams 

- - 1,082 cm3 
735 grams 

T h e o r e t i c a l l y ,  i t  i s  pos s ib l e  t o  c rush  a  c o a l  sample i n  t h e  b a l l  m i l l  a t  
any p o i n t  a f t e r  c o l l e c t i o n  and t o  o b t a i n  t he  t o t a l  gas  conten t  (excluding l o s t  
g a s )  of t he  sample. This procedure i s  g e n e r a l l y  no t  considered app rop r i a t e  i f  
maximum information from t h e  sample i s  d e s i r e d .  By c rush ing  t h e  sample be fo re  
t h e  d e s o r p t i o n  process  i s  complete,  i t  i s  impossible  t o  o b t a i n  t h e  r e l a t i v e  
amounts of desorbed and r e s i d u a l  gas .  This d i s t i n c t i o n  i s  important  because 
t h e  a c t u a l  r e s i d u a l  g a s ,  which w i l l  no t  desorb from t h e  sample whi le  s ea l ed  i n  
t h e  c a n i s t e r ,  probably r ep re sen t s  gas t h a t  w i l l  not  flow t o  a  d e g a s i f i c a t i o n  
bo reho le  and poss ib ly  r ep re sen t s  gas t h a t  w i l l  no t  be emi t ted  i n t o  a  mine 
atmosphere.  It i s  t r u e  t h a t  dur ing  t h e  process  of mining c o a l ,  the  c o a l  i s  
broken up i n t o  v a r i o u s l y  s i z e d  p i eces ;  however, t h e  ma jo r i t y  of t he se  p ieces  
w i l l  no t  u s u a l l y  d u p l i c a t e  t h e  very  f i n e  powder t h a t  t h e  b a l l  m i l l  produces 
i n  t h e  r e s i d u a l  gas procedure.  

The t o t a l  gas conten t  of  a  p a r t i c u l a r  sample i s  the  volume of l o s t  gas 
and desorbed gas d iv ided  by the  t o t a l  sample weight p lus  t h e  r e s i d u a l  gas 
c o n t e n t .  The c a l c u l a t i o n  procedure and sample d a t a  s e t  fol low: 

Los t  gas--240 cm3. 

Desorbed gas--3,246 cm3. 

T o t a l  sample weight--780 grams. 

Residual  gas--1.5 cm3 /g. 

T o t a l  gas = gas + desorbed gas + r e s i d u a l  gas 
T o t a l  sample weight 

- - 240 cm3 + 3,246 em3 + l.5 cm3,g 
780 grams 

Aux i l i a rv  Tes t  Procedures 

Proximate,  u l t i m a t e ,  and Btu ana lyses  a r e  obtained on the  crushed powder 
from t h e  r e s i d u a l  gas t e s t .  These t e s t  r e s u l t s  can be used t o  f u r t h e r  eva lua t e  
t h e  gas conten t  r e s u l t s  on a  p r a c t i c a l  and t h e o r e t i c a l  b a s i s .  Because the  gas 



content  i s  presented on a volume-to-weight r a t i o ,  the presence of noncoal 
m a t e r i a l ,  pr imar i ly  sha le  and pyrite--which adds weight but  not gas s to rage  
capacity--can produce seemingly erroneous da ta .  Thus two samples from the  
same coalbed core may have gas contents  varying by seve ra l  cubic centimeters  
pe r  gram i f  one sample contains appreciably higher  noncoal ma te r i a l .  The 
coa l  ana lys i s  w i l l  he lp  determine i f  noncoal ma te r i a l  i s  inf luencing  the  t o t a l  
gas content .  

Theore t ica l  s t u d i e s  on the  inf luence  of depth of b u r i a l  on the  gas con- 
t e n t  a r e  preferably  done on a c lean  c o a l ,  thus removing the noncoal m a t e r i a l  
v a r i a b l e  from the  evalua t ion .  However, because coalbeds do con ta in  noncoal 
m a t e r i a l ,  the  a c t u a l  in-place methane i n  a  p a r t i c u l a r  volume of c o a l  should 
be r e l a t e d  t o  t h e  as-received coa l  d a t a .  

Theore t i ca l ly ,  t he  gas content  of c o a l  i s  influenced by the  rank of the 
c o a l ,  with higher  ranks genera l ly  having higher  gas contents .  The c o a l  
a n a l y s i s  can be used t o  determine the  apparent rank of the  coal  by ASTM Stan- 
dard D388 (1) - f o r  eva lua t ion  of the  rank parameter. 

Gas samples should be obtained pe r iod ica l ly  during the  desorpt ion  t e s t i n g  
of c o a l  samples. Gas compositional ana lys i s  w i l l  provide information on the 
gas q u a l i t y ,  e s p e c i a l l y  what, i f  any, gases o ther  than  hydrocarbons a r e  
present .  

SUMMARY 

The Bureau has developed and re f ined  a s imple,  inexpensive t e s t i n g  proce- 
dure t o  d i r e c t l y  determine t h e  gas content  of coa l  samples obtained from 
exp lo ra t ion  coal  cores .  The procedures f o r  determining the  l o s t  and desorbed 
gas i n  a  coal  sample have remained e s s e n t i a l l y  the  same, bu t  the  r e s i d u a l  gas 
determinat ion procedure has been revised .  The cu r ren t  recommended r e s i d u a l  
gas procedure involves crushing the  coa l  sample a t  the end of the  desorpt ion  
period i n  a  sea led  b a l l  m i l l  and then measuring the  l i b e r a t e d  gas d i r e c t l y  by 
a water  displacement method. 
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APPENDIX A .  --RESULTS OF DIRECT METHOD GAS CONTENT DETERMINATIONS 
ON U . S . COAL SAMPLE S 

Table A - 1  i s  a compilation of d i r e c t  method t e s t  r e s u l t s  on c o a l  samples 
c o l l e c t e d  between 1972 and mid-1979. The r e s u l t s  a r e  l i s t e d  a lphabe t i ca l ly  by 
coalbed. To b e t t e r  evalua te  the  t o t a l  gas content  of each sample, t he  com- 
ponent p a r t s  of the  t o t a l  a r e  l i s t e d .  The major physical  and chemical 
v a r i a b l e s  known t o  a f f e c t  t h e  gas content  of coa l  samples a r e  provided i f  
a v a i l a b l e .  Space l i m i t a t i o n s  preclude t h e  l i s t i n g  of a l l  d e t a i l e d  da ta  asso- 
c i a t e d  wi th  each sample, but  t h i s  information i s  ava i l ab le  f o r  s p e c i f i c  
samples from the  ~ u r e a u ' s  P i t t sburgh Research Center.  The Bureau has a l s o  
published d e t a i l e d  geologic s t u d i e s  r e l a t e d  t o  the  occurrence of methane i n  
s e l e c t e d  c o a l  measures. A bibliography of these papers ,  as  we l l  a s  o the r  
t o p i c s  r e l a t e d  t o  t h e  occurrence and premining drainage of methane, i s  a v a i l -  
a b l e  from t h e  Bureau of Mines, Methane Control Group, P.O. Box 18070, 
P i t t sburgh ,  Pa. 15236. 

Discussion of Data Presented i n  Table A - 1  

Coalbed: Coalbed names a r e  genera l ly  those assigned by the  cooperat ing 
c o a l  companies or by o ther  agencies supplying samples o r  da ta  t o  t h e  Bureau. 
I f  the  name of the  coalbed i s  unknown, e i t h e r  the  formation name i s  l i s t e d  o r  
t h e  sample i s  cataloged by the  S t a t e  name followed by (unc) f o r  uncorre la ted .  
A ( ? )  following t h e  coalbed name ind ica te s  t h a t  t h e  name i s  probably c o r r e c t ,  
b u t  the  c o a l  may be miscorre la ted .  The following abbreviat ions f o r  d i f f e r e n t  
benches of the  same coalbed a r e  used i n  a s soc ia t ion  with the  coalbed name: 
U = upper, M = middle, and L = lower. 

S t a t e  and County: Coal companies a r e  genera l ly  r e l u c t a n t  t o  permit pub- 
l i c a t i o n o f t h e  exact  loca t ion  of t h e i r  explora tory  coreholes.  The l o c a t i o n  of 
sample c o l l e c t i o n  s i t e s  a r e  therefore  i d e n t i f i e d  only by the  S t a t e  and county. 

Sample depth,  f e e t :  The measured depth of the  b o t t m  of the  sample 
placed i n  the  desorpt ion  con ta ine r ,  rounded off  t o  the  nea res t  foo t .  

Lost gas ,  cm3: That po r t ion  of the t o t a l  gas content  l o s t  before  t h e  c o a l  
sample was sealed i n  the  c a n i s t e r ,  est imated by the  graphica l  procedure 
described i n  the  t e x t .  A dash i n  the  l o s t  gas column i n d i c a t e s  t h a t  the  l o s t  
gas could not  be ca lcu la t ed ,  usual ly  because of incomplete sample da ta .  

Desorbed gas ,  cm3: That por t ion  of the  t o t a l  gas content  l i b e r a t e d  from 
t h e  sample while sea led  i n  the  c o l l e c t i o n  conta iner  and measured d i r e c t l y  by 
t h e  water displacement method described i n  the  t e x t .  

Gas content ,  cm3 /g , excluding r e s i d u a l  gas : Determined by adding the  l o s t  
and desorbed gas and d iv id ing  by the  t o t a l  sample weight; represents  the  gas 
t h a t  desorbed from the  sample n a t u r a l l y .  This may be the  only v a l i d  gas con- 
t e n t  da ta  f o r  those samples f o r  which r e s i d u a l  gas was determined by the  
crushing box or graphica l  procedures. This value i s  probably l e s s  than the  
a c t u a l  t o t a l  gas content  of those samples. 



Residual gas ,  cm3, and method of ca lcu la t ion :  That por t ion  of the t o t a l  
gas content  of the  sample remaining i n  the  c o a l  a t  the  end of the  desorpt ion  
per iod ,  which w i l l  not  f r e e l y  desorb from the coa l  while sea led  i n  the  con- 
t a i n e r .  The res idua l  gas has been determined by th ree  methods a s  described 
i n  the  t e x t :  CB = crushing box, G = graphica l ,  and BM = b a l l  m i l l .  The 
crushing box method was determined t o  be unre l i ab le ;  the re fo re ,  the graphica l  
procedure based on the crushing box data  must be considered unre l iable .  The 
r e s i d u a l  gas da ta  obtained from the b a l l  m i l l  i s  considered v a l i d .  A dash i n  
t h i s  column ind ica tes  t h a t  t h i s  value was not  determined, usual ly  because the 
donors d id  not want the  samples t o  be crushed. 

Tota l  gas content ,  cm3/g: Determined by adding t h e  column labeled Gas 
con ten t ,  excluding res idua l  gas,  and the  Residual gas column. The t o t a l  gas 
content  (subjec t  t o  the  v a l i d i t y  of the  r e s i d u a l  gas)  represents  the gas con- 
t e n t  of the coa l  sample on an as-received b a s i s .  

Apparent rank: Determined from coal  ana lys i s  da ta  by the  method described 
i n  ASTM Standards D388 (1). The abbreviat ions (samples from a l l  coa l  groups 
may not  appear i n  t a b l e  A-1) correspond t o  the  following standard coa l  groups: 

M-Ant--Me t a  - an th rac i t e .  
Ant --Anthracite.  

Semi Ant - -Semianthracite. 
LV--Law-volatile bituminous. 
MV--Medium-volatile bituminous . 

HV-A--High-volatile A bituminous. 
HV-B- -High-vola t i  l e  B bituminous. 
HV-C--High-volatile C bituminous. 

Sub-A--Subbituminous A .  
Sub-B--Subbituminous B . 
Sub-C--Subbituminous C.  
Lig-A--Lignite A .  
Lig-B--Lignite B. 

A dash i n  the  apparent rank column ind ica tes  t h a t  a rank determination could 
not  be made because of the lack  of coa l  ana lys i s  da ta .  

Percent a sh ,  as-received: Data a r e  presented t o  permit an evaluat ion  of 
the  poss ib le  e f f e c t  of the amount of ash on the t o t a l  gas content  of the  - 

sample. Because the  mineral mat ter  represented by the  ash i n  t h e  coal  analys is  
adds weight ,  but  genera l ly  no gas,  an abnormally l o w  gas content  may be 
measured i f  a high mineral mat ter  content is  present .  A dash i n  t h i s  column 
i n d i c a t e s  t h a t  a coal  ana lys i s  was not obtained on the sample. 

Code: Assigned t o  each coal  sample processed f o r  gas content  determina- - 
t i o n  by t h e  Bureau. A l l  i nqu i r i e s  concerning s p e c i f i c  samples should r e f e r  
t o  these  code numbers. 
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APPENDIX B.--DIAGRAMS OF STANDARD DIRECT METHOD T E S T  
SAMPLE CONTAINER AND BALL MILL 

r 2: rad~us 
No I top dr~ll 

2 - 1 0  N 

6 holes 

2; radlus 

SECTIONAL 
DESORBING CANISTER 

ASSEMBLY 

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



SECTIONAL BALL MILL ASSEMBLY 

All dimensions in inches 
Clearance between ~d and od 

FIGURE 8-2. - Ba l l  m i l l  used to crush coal for new residual gas determination procedure. 



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 Type of core retrieval 

Depth to base of coalbed Surface elevation 

Roof rock Drilling media 

Floor rock 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 

(D-C) + (y) if water is used 
~ o s t  gas (cm3) 
Gas from canister (cm3) 
Residual gas from crushing (cm5/g) 
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