
Bureau of Mines Report of Investigations/l977 

Geology and Methane Content 
of the Upper Freeport Coalbed 
in Fayette County, Pa. 

UNITED STATES DEPARTMENT OF THE INTERIOR 



Report of Investigations 8226r 

Geology and Methane Content 
of the Upper Freeport Coalbed 
in Fayette County, Pa. 

By Peter F. Steidl 

UNITED STATES DEPARTMENT OF THE INTERIOR 
Cecil D. Andrus, Secretary 

BUREAU OF MINES 



Th is  publication has been cataloged as fol lows: 

Steidl, Peter F 
Geology and methane content of the  Upper Freeport coalbed 

in Fayet te  County, Pa. / by Peter  F. Steidl. [Washington] : 
Bureau of Mines, 1977. 

17 p. t ill.,  maps, diagrams ; 26 cm. (Report of investigations - 
Bureau of Mines ; 8226) 

Bibliography: p. 15- 16. 

1. Coal - Geology - Pennsylvania - Fayette County, 2. Methane. 
3. Mine gases .  I. United States, Bureau of Mines. 11. Title.  
111. Series: United States. Bureau of Mines. Report of investiga- 
tions - Bureau of Mines ; 8226. 

TN23.U7 no.8226 622.06173 

U.S. Dept. of the Int. Library 



CONTENTS 

Page 

................................................................ Abs t r ac t  
......................................................... In t roduc t ion  

...................................................... Acknowledgments 
........................................................... Previous work 

S t r a t ig raphy  ......................................................... 
S t r u c t u r e  ...... ....................................................... 
Overburden .............................................................. 
J o i n t  and c l e a t  d a t a  ...... ........................................... 
Coal th ickness  and methane resources .................................... 
Methane content  ......................................................... 
Summary and conclusions .................................................. 
References .............................................................. 
Appendix.--Average of c o a l  c l e a t  t rends  f o r  i nd iv idua l  quadrangles i n  

the  s tudy  a rea  ...................................................... 
ILLUSTRATIONS 

Locat ion of da t a  po in t s  ............................................ 
Generalized s t r a t i g r a p h i c  column of t he  Upper Freepor t  coalbed and 

ad jacen t  s t r a t a  ................................................. 
Fence diagram of t he  50 f e e t  of s t r a t a  above the  Upper Freeport  

coalbed ......................................................... 
S t r u c t u r e  map drawn on the  base of the  Upper Freepor t  coalbed wi th  

s t r u c t u r e  northwest of Chestnut Ridge a n t i c l i n e  pro jec ted  down 
from s t r u c t u r e  f o r  t he  P i t t sburgh  coalbed . . . . . . o . . . . . . . . . . . .  ..... 

Isopach of overburden th ickness  above the  Upper Freepor t  coalbed ... 
Clea t  spacing i n  specimen of Upper Freepor t  c o a l  ................... 
Rose diagrams of c o a l  c l e a t  and rock j o i n t  measurements i n  Fayet te  

County. Pa .................................................... 
Diagram of t he  face  and b u t t  c l e a t  t rends  i n  each quadrangle ....... 
Isopach of t he  Upper Freepor t  coalbed .............................. 
Graph of depth versus gas content  f o r  P i t t sbu rgh  c o a l  cores  ........ 
Graph of f ixed  carbon versus  gas content  of c o a l  cores  from 

s e v e r a l  coalbeds ................................................. 



GEOLOGY AND METHANE CONTENT OF THE UPPER FREEPORT 
COALBED IN FAYETTE COUNTY, PA, 

by 

Peter Fa Ste id l  ' 

ABSTRACT 

A s  p a r t  of t h e  Bureau of Mines methane con t ro l  program, t h e  Upper Free-  
po r t  coalbed was s t u d i e d  i n  Faye t t e  County, P a . ,  where t h i s  coalbed l i e s  about 
650 f e e t  below t h e  P i t t sbu rgh  coalbed and con ta in s  the  l a r g e s t  remaining 
r e se rves  of any coalbed i n  t h e  county. Coal and overburden i sopachs ,  s t r u c -  
t u r e  and j o i n t  p a t t e r n  maps, and a fence diagram were prepared us ing  d a t a  from 
gas  and o i l  exp lo ra t i on  logs  and coa l  ou tc rops .  These maps w i l l  a i d  i n  d e t e r -  
mining t h e  need and/or  f e a s i b i l i t y  of degas i fy ing  t h e  Upper Freepor t  coalbed 
i n  t h e  s tudy  a r e a .  Much of  t h e  coalbed i n  t h i s  a r e a  i s  under 600 t o  1,400 
f e e t  of overburden. By c o r r e l a t i o n  wi th  da t a  from t h e  P i t t sbu rgh  coalbed,  the 
gas  conten t  a t  depths  of t h i s  o rde r  i s  es t imated  t o  be between 140 t o  300 c f /  
t on  of c o a l ,  f o r  a t o t a l  of 190 t o  400 b i l l i o n  cubic  f e e t  of methane i n  t h i s  
coalbed i n  Faye t te  County. 

INTRODUCTION 

The Upper Freepor t  coalbed has  been mined i n  Faye t t e  County s i n c e  about 
1840, wi th  t h e  most a c t i v e  mining occur r ing  from about  1900 t o  about 1945. 
S t r i p  mines cont inue  t o  ope ra t e  i n  t h i s  coalbed i n  t h e  e a s t e r n  p a r t  of  t h e  
county,  but  t h e r e  a r e  no longer  any a c t i v e  underground mines al though much 
c o a l  i s  s t i l l  minable.  

The f r e e  swel l ing  index and a g g l u t i n a t i n g  va lues  of t h e  Upper Freepor t  
coa l  a r e  w i th in  t h e  normal range f o r  coking c o a l s .  High a s h  and s u l f u r  con-  
t e n t  of t h i s  coa l  and the  d i f f i c u l t y  i n  c lean ing  i t  t o  l e v e l s  acceptab le  fo r  
coking w i l l  l i m i t  i t s  u se  f o r  m e t a l l u r g i c a l  purposes ( )  Blending may be 
necessary s i n c e  ana lyses  i n d i c a t e  a s u l f u r  conten t  g r e a t e r  than 1 .5  pc t .  

The p re sen t  s tudy  was undertaken a s  p a r t  of  the Bureau of Mines methane 
c o n t r o l  program and provides  d a t a  on methane con ten t ,  c l e a t  o r i e n t a t i o n ,  and 
o t h e r  c h a r a c t e r i s t i c s  of t h i s  coalbed where much coa l  i s  s t i l l  p re sen t .  Over 
370 da t a  p o i n t s ,  i nc lud ing  gas and o i l  w e l l s ,  coa l  exp lo ra t i on  ho l e s ,  and o u t -  
crop exposures were used i n  prepar ing  the  maps ( f i g .  1 ) .  

' ~ e o l o ~ i s t ,  P i t t sbu rgh  Mining and Sa fe ty  Research Center ,  Bureau of Mines, 
P i t t s b u r g h ,  Pa.  

a ~ n d e r l i n e d  numbers i n  parentheses  r ep re sen t  i tems i n  t he  l i s t  of re fe rences  
preceding the  appendix. 



FIGURE 1. - Location of data points. 
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PREVIOUS WORK 

There have been few previous i n v e s t i g a t i o n s  of t he  Upper Freepor t  coalbed 
i n  Faye t t e  County. Pas t  r e p o r t s  con ta in  ana lyses  and g ive  carbonizing prop- 
e r t i e s  of t h e  c o a l ,  a s  wel l  a s  isopach and s t r u c c u r e  maps f o r  p a r t s  of t he  
county. Some coa l  th icknesses  and outcrop desc r ip t ions  from e a r l y  r e p o r t s  
provided u s e f u l  d a t a  (L, 3-4, 13, l5). Hickok and Moyer (7) publ ished a  
geologic  map wi th  coalbed outcrop l i n e s  f o r  Fayet te  c o u n t y i n  1938. The 
s t r u c t u r e  map was drawn on the  base of t he  P i t t sbu rgh  coalbed f o r  t he  p a r t  of 
t h e  county northwest of Chestnut Ridge and on t h e  base of t h e  Upper Freepor t  
coalbed f o r  t h e  remainder of t he  county. 

I t  has been es t imated  t h a t  t he  recoverable  coa l  from t h i s  coalbed was 
1,029 m i l l i o n  tons i n  Faye t t e  County i n  1928 (12) .  This e s t ima te  was based 
on t h e  assumption t h a t  t h e  coalbed has a  uniform th ickness  of 42 inches i n  
townships along the  Monongahela River.  However, s i n c e  i t s  th ickness  i s  v a r i -  
a b l e ,  a  conserva t ive  50 p c t  was used f o r  t h e  e s t ima te  of recoverable  coa l  
which does no t  inc lude  any p a r t  o f  t h e  coalbed l e s s  than 18  inches t h i c k .  
Subsequently t h i s  e s t ima te  was r ev i sed  t o  1,150 m i l l i o n  tons ( 7 ) .  According 
t o  Dowd (z), t h e  Upper Freepor t  coalbed contained the  l a r g e s t  r e s e r v e s  of any 
coalbed i n  t he  county, bu t  ~ o w d ' s  e s t ima te ,  which does n o t  i nc lude  i n f e r r e d  
c o a l ,  was much lower than  ~ i c k o k ' s  (1). Dowd's f i g u r e  of  127 m i l l i o n  tons was 
based on reserves  i n  beds 2 8 i n c h e s o r  more th i ck  and a  52.9 p c t  recovery. 

Hickok and Moyer repor ted  t h a t  t h e  Upper Freepor t  coalbed i s  f a i r l y  p e r -  
s i s t e n t  i n  Fayet te  County and i s  cu t  out  i n  some p laces  and replaced by sand- 
s tone .  Their  s tudy  found t h e  coalbed t o  range from 2 t o  9 f e e t  t h i c k ,  wi th  
p e r s i s t e n t  c l a y  p a r t i n g s .  Unusual thicknesses  of  up t o  16 f e e t ,  inc luding  
s i z a b l e  p a r t i n g s ,  were a l s o  observed. 

A s tudy  by Koppe (2) of t he  Upper Freeport  i n  ad j acen t  p a r t s  of  A l l e -  
gheny, But le r ,  Armstrong, and Westmoreland Counties found b a s a l  pa r t i ngs  i n  
s t r u c t u r a l l y  low a r e a s .  He r e p o r t s  t h a t  "ancient  topographic highs ( a r eas  of 
no pa r t i ngs )  occupy pos i t i ons  r e l a t i v e  t o  present  a n t i c l i n e s  sugges t ing  t h a t  
t h e  paleotopography was con t ro l l ed  by t h e  same s t r u c t u r e s  observable today." 

STRATIGRAPHY 

The Upper Freepor t  coalbed occurs a t  t h e  top  of t h e  Allegheny Group, 
about 650 f e e t  below t h e  P i t t s b u r g h  coalbed. Seven r e l a t i v e l y  t h i n  and o f t e n  
discont inuous coalbeds ( f i g .  2) which may occur i n  200 f e e t  of s t r a t i g r a p h i c  
s e c t i o n  i n  t h e  Allegheny and Conemaugh Groups make c o r r e l a t i o n  d i f f i c u l t .  One 
of t he  most u se fu l  a i d s  i n  c o r r e l a t i n g  these  coalbeds i s  t h e i r  depth below the  
P i t t sbu rgh  coalbed. Another a i d  i n  c o r r e l a t i o n  i s  the  Freepor t  l imestone 
which sometimes occurs beneath the  Upper Freepor t  coalbed underclay.  The 
Mahoning (Dunkard) sandstone i s  u sua l ly  p re sen t  above a s  shown i n  the  fence 
diagram ( f i g .  3 ) .  Two coalbeds occur w i th in  55 f e e t  of t he  Upper Freepor t  
coalbed,  t h e  Mahoning coalbed above and t h e  Lower Freeport  below, n e i t h e r  of 
w h i c h i s  u sua l ly  a s  t h i c k  o r  p e r s i s t e n t  a s  the  Upper Freepor t .  
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strata. 

Free p o r t  

Due t o  t h e  presence of an i r r e g u l a r  su r f ace  beneath the  Upper Freeport  
coa lbed ,  t h e r e  a r e  a r eas  where t h e  pea t  was eroded o r  was not  deposi ted.  
Evidence of t h i s  can be found a long  Chestnut Ridge where t h e  lower Mahoning 
(Big Dunkard) sandstone c u t s  out some o r  a l l  of the  Upper Freepor t  coalbed 
(1). On some higher  a r e a s ,  p l a n t  remains were washed away t o  low a reas  o r  
decayed before  pea t  formed and t h e r e f o r e  no c o a l  i s  p resent .  
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STRUCTURE 

A s t r u c t u r e  map was drawn using the  bottom of the Upper Freeport f o r  the  
datum base ( f i g .  4).3 Much of the s t r u c t u r e  was taken from a previous map (7) 
drawn on the  base of the Pit tsburgh coalbed f o r  the p a r t  of the  county north= 
west of Chestnut Ridge and on the  base of the  Upper Freeport  coalbed f o r  the  
remainder of Fayette  County. The approximate s t r u c t u r e  f o r  the  Upper Freeport 
was derived by sub t rac t ing  650 f e e t  from the  e l eva t ion  of the  Pi t t sburgh coal- 
bed. Other changes were made wherever add i t iona l  da ta  showed the  need f o r  
them. 

The major s t r u c t u r e s  present  from e a s t  t o  west a r e  Laurel  H i l l  a n t i -  
c l i n e  , Ligonier syncline , Chestnut Ridge a n t i c  l i n e  , Uniontown sync l i n e  , 
Fayette  a n t i c l i n e ,  Lambert syncl ine ,  Brownsville a n t i c l i n e ,  and Port  Royal 
syncl ine .  A l l  these s t r u c t u r e s  t rend northeast-southwest and a f f e c t  the  

3 ~ h e  coal  isopach,  overburden isopach,  and s t r u c t u r e  map a r e  ava i l ab le  from 
the  author a t  sca les  of 1:24000 ( 1  inch equals  2,000 f e e t )  and 1:96000. 



FIGURE 4. - Structure map drawn on the base of the Upper Freeport coalbed with structure 
northwest of Chestnut Ridge anticline proiected down from structure for the 
Pittsburgh coalbed. 

e l e v a t i o n  and presence of coalbeds i n  t h e  a r e a .  On Chestnut Ridge and Laure l  
H i l l  a n t i c l i n e s  t h e r e  a r e  places where the  Upper Freepor t  coalbed outcrops and 
l a r g e  a reas  where it has been eroded. 

S t r u c t u r a l  r e l i e f  of the  Upper Freepor t  coalbed i n  t he  s tudy  a r e a  is  over 
2,800 f e e t ;  t h e  h ighes t  p a r t  (more than  2,600 f e e t  above sea l e v e l )  i s  loca t ed  
along the  e a s t e r n  f lank  of the  Chestnut Ridge a n t i c l i n e ,  and t h e  lowest p a r t  
(more than  200 f e e t  below sea  l e v e l )  i s  loca t ed  i n  t he  Lambert sync l ine .  
There i s  moderate d ip  throughout most of t he  a r ea  with t h e  beds varying from 
f l a t  l y i n g  t o  dipping 23" (a  s lope  about 2,200 f e e t  pe r  mi l e )  on t h e  western 
f l ank  of t h e  Chestnut Ridge a n t i c l i n e .  



No f a u l t s  a r e  shown on maps of the  study area.  However, locations of 
th ree  have been noted i n  the  l i t e r a t u r e ,  two on the western s ide  of Chestnut 
Ridge. One of the  f a u l t s  l i e s  along the  Western Maryland Railroad,  south of 
South Connel lsvi l le ,  another i s  exposed along U.S. Route 40 near the Lick 
Hollow Picnic Area. The t h i r d  f a u l t  i s  near the Monongahela River on t h e  
nor th  s ide  of Middle Run, north of Gates,  Pa. Seismic study of the  Sunnnit 
g a s f i e l d  has shown the  presence of some subsurface f a u l t s  (1). 

OVERBURDEN 

Overburden thickness f o r  the Upper Freeport va r i es  considerably wi th in  
Fayette County. Overburden is t h i c k e s t  i n  the  w e s t  where it is more than 
1,400 f e e t .  I n  the  e a s t e r n  p a r t  of the county the  coalbed has been eroded 
from large  areas  on the  Chestnut Ridge and Laurel  H i l l  a n t i c l i n e s  ( f ig .  5). 
I n  the Ligonier syncline which lies between these two a n t i c l i n e s ,  t h e  over- 
burden is  usual ly  l e s s  than 400 f e e t  th ick .  



f t f t f f !  f 1 f ! t  f f 1 1  f f  1 The Upper Freeport  coa l  

0 5 10 15 cm i s  f r i a b l e  and has a c l o s e  
I c l e a t  spacing ( f i g .  6 )  of 
I I 1 

0 2 4 around 40 face c l e a t s  per  

Scale in foo t .  Or ienta t ion  of rock 
j o i n t s  and coa l  c l e a t s  was 
measured from outcrops 
throughout the county t o  
provide da ta  f o r  mine plan- 

FIGURE 6. - Cleat spacing in specimen of Upper Freeport ning. These da ta  can be 
coal. important i n  laying out  the  

mine, spacing v e r t i c a l  bore- 
h o l e s ,  and o r i en t ing  hor izon ta l  holes d r i l l e d  underground. Data were col-  
l e c t e d  from 23 quadrangles and p lo t t ed  on rose  diagrams ( f i g .  7 ) .  For 8 of 
the  quadrangles located t o t a l l y  o r  p a r t i a l l y  wi th in  the  study a r e a ,  an  average 
of more than 16 locat ions  were used, with an  average of more than 8 measure- 
ments taken a t  each loca t ion .  A l l  but  four quadrangles had locat ions  where 
readings were taken from coalbeds. 

I n  f igure  8 d i s t i n c t  t r e n d s ,  corresponding t o  face and b u t t  c l e a t  d i r ec -  
t i o n s ,  a r e  apparent f o r  readings taken i n  coa l .  The face  c l e a t  and systematic 
(primary) rock j o i n t s  i n  the  study a rea  genera l ly  t rend N 72" W. Nearly 
perpendicular  t o t h e s e a r e  the  b u t t  c l e a t  and the  nonsystematic (secondary) 
j o i n t s  which trend N 21° E .  The face  c l e a t  d i r e c t i o n  is  p a r a l l e l  t o  t h e  
d i r e c t i o n  of the  p r i n c i p a l  compressive stress t h a t  produced the  present  s t ruc -  
t u r e  and perpendicular t o  t h e  fo ld  axes. The b u t t  c l e a t  i s  p a r a l l e l  t o  the  
s t r u c t u r a l  axes of the  Allegheny Front .  
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FIGURE 7. - Rose diagrams of coal cleat and rock ioint measurements in Fayette County, Pa, 



0 I0 miles 5 
0 5 10 15 kilometers 

LEGEND 

I f Key Map  
B u t t  c l ea t  

b - 
1 

1 L6 
I 

Fayette City 

2 6  
A 

70 I 

New Salem 

22 
4 

7 2  I 

-.,I 

Smithf ield 

0 -  

2P 
I 7 1 

h1 

Lake Lynn 

I 

\ 

26\-w 
A 

7 1 
\I 

Dawson 

2 5  
fi 

74 
-' 

Uniontown 

',8 
68 v1 

Brownfield 

0- 
Pa .  
W. Va .  

-m 

I 

SCALE 

3t, 
70 .--3 - 

-Cal i forn ia 
# 

0 
w 

l4 3 2  

'>"A 4' 

( 
Carmichaels 

f l  

( :4 
7 2  ->' 

\ 
Masontown 

-0  

PI 
I 7 2  

\' 

Morgantown N 

I  

F a c e  c l e a t  

P 

/ ' 2 7  4 

71 -2 

Connellsville 

2 3  
A 

7 3  I 
-.I' 

South 
Connellsville 

2 0  
A 

6 8  I 

--.,I 

Fort Necessity 

l o - - - -  

FIGURE 8. - D iag ram o f  t h e  f a c e  a n d  b u t t  c l e a t  t r ends  in e a c h  quadrangle.  

COAL THICKNESS AND METHANE RESOURCES 

7 1 

Fr iendsvi l le  

2? \ 
I 

70 I 

-4 I 

Bruceton Mills 

Where p r e s e n t ,  the  Upper Freeport  coalbed usua l ly  ranges from 2 t o  8 f e e t  
t h i ck .  Commonly the  coalbed occurs i n  two benches wi th  a 6-inch pa r t ing .  The 
top and bottom benches average 25 and 21 inches t h i c k ,  r e spec t ive ly .  The sha le  
pa r t ing  r a r e l y  a t t a i n s  a thickness g r e a t e r  than 2 f e e t ,  but  where i t  does only 
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one bench i s  u s u a l l y  of minable t h i cknes s .  Occas iona l ly ,  t h e r e  i s  a middle 
bench up t o  3 f e e t  t h i c k  o r  a n  upper s p l i t  of t h e  seam averaging 30 inches .  

I n  order  t o  c a l c u l a t e  t h e  t o t a l  volume of methane i n  t h i s  p a r t  of t h e  
Upper Freepor t  coalbed,  i t  was necessary  t o  estimate t h e  t o t a l  coa l  i n  p l ace .  
The a r e a  of each i n t e r v a l  was measured from topographic maps. Mult iplying 
t h i s  f i g u r e  t i m e s  t h e  average coa l  th ickness  f o r  t h e  i n t e r v a l  (2 f e e t  f o r  t h e  
0 -  t o  4 - foo t  i n t e r v a l  and s o  on) g ives  t h e  volume of c o a l .  Dividing t h e  v o l -  
ume i n  cubic  f e e t  by 24.6 g ives  t h e  number of s h o r t  t o n s ,  assuming t h e  spe -  
c i f i c  g r a v i t y  of t h i s  c o a l  t o  be  1 . 3  (81.3 l b / cu  f t ) .  An equa t ion  f o r  t h i s  
fo l lows  : 

average i n t e r v a l  th ickness  X i n t e r v a l  a r e a ,  
Tons of c o a l  = 24.6 cu f t / t o n  

An estimate of  1,340 m i l l i o n  tons  of  coa l  i n  p l ace  was made by us ing  over  
370 d a t a  p o i n t s .  I n  some a r e a s  t h e r e  a r e  i n s u f f i c i e n t  d a t a  t o  draw i sopach  
l i n e s  ( f i g .  9 ) .  There a r e ,  however, s u f f i c i e n t  d a t a  p o i n t s  surrounding t h e  
a r e a  t o  assume an  average th ickness  of 2 f e e t  o r  more. Due t o  t h e  h igh ly  v a r i -  
a b l e  t h i cknes s  of t h e  Upper Freepor t  coalbed i n  t h e  s tudy  a r e a ,  a conserva t ive  
t h i cknes s  of 2 f e e t  was used t o  e s t ima te  t h e  c o a l  i n  p l ace  i n  t he se  a r e a s .  
Assuming methane con ten t  t o  be 140 t o  300 cubic  f e e t  p e r  ton  of  c o a l ,  t h e r e  i s  
190 t o  400 b i l l i o n  cubic  f e e t  of methane i n  t h e  Upper Freepor t  coalbed i n  
F a y e t t e  County. 

METHANE CONTENT 

The amount of methane adsorbed on t h e  c o a l  mic ros t ruc tu re  depends on 
s e v e r a l  f a c t o r s :  temperature ,  p r e s su re ,  overburden th i cknes s ,  and rank .  
Coalbed p re s su re  i s  t h e  f l u i d  p re s su re  of t h e  bed. A t  most i t  i s  equa l  t o  t h e  
h y d r o s t a t i c  p r e s su re ,  which has  a g rad i en t  of about 0.43 p s i  per  foo t  of water  
column. Bureau r e sea rch  has  shown t h a t  f o r  each a d d i t i o n a l  100 f e e t  o f  over -  
burden, a n  i n c r e a s e  of about 0 . 8  cu cm of methane per  gram of coa l  (25.6 cu 
f t / t o n )  can  be expected i n  t h e  P i t t s b u r g h  coalbed ( f i g .  10 ) .  This c o r r e l a t e s  
w e l l  w i th  t e s t s  done on t h e  Upper Freepor t  coalbed which has  a gas con ten t  pe r  
volume of coa l  s i m i l a r  t o  t h e  P i t t s b u r g h  coalbed.  

I n  some coalbeds,  t h e  i n c r e a s e  i n  gas conten t  w i th  t h e  i n c r e a s e  i n  depth 
i s  due p a r t l y  t o  t h e  decrease  i n  v o l a t i l e  matter. However, p r e s su re  and 
temperature  a s s o c i a t e d  w i th  p a s t  t e c t o n i c  a c t i v i t y  have had a much g r e a t e r  
e f f e c t  on t h e  coa l  rank  i n  t h e  s tudy a r e a  than p re sen t  overburden th ickness .  
The inc reased  y i e l d  of methane i s  a s s o c i a t e d  w i th  t h e  decrease  i n  hydrogen 
c o n t e n t ,  which begins  i n  t h e  bituminous coa l  range (14) .  Higher rank coa l s  
have a s t r u c t u r e  which can adsorb more of t h e  metha; produced dur ing  
c o a l i f i c a t i o n .  

The r e l a t i o n s h i p  of gas conten t  t o  f i x e d  carbon con ten t  i s  shown on 
f i g u r e  11 (11) .  I n  F a y e t t e  County t h e  Upper Freepor t  c o a l ,  which v a r i e s  
between 63 and 75 p c t  f i x e d  carbon i n  DAF (dry a sh  f r e e )  samples, i s  expected 
t o  have a gas conten t  between 3 and 10 cu cm/g, wi th  some v a r i a t i o n  due t o  
depth .  I n  t h e  s tudy  a r e a  t h i s  c o a l  averages 68.5 p c t  f i xed  carbon from 



10 I I 1 I I I I I I 

KEY I 
- Pittsburgh coal - 

A Upper Freeport coal 
- 

- 
0, 

m' 
E o 6 -  - 

- 

- 

- 

- 

0 
- 

* H e  1 
/' 

I I 1 1 I I 1 
0 

, 
4 0 0  800  1,200 

OVERBURDEN, f t  

FIGURE 10, - Graph of depth versus gas content for 
Pittsburgh coal cores, 

GAS CONTENT, cm3/g 

FIGURE 11. - Graph of f ixed carbon versus gas content 
of coal cores from several coalbeds, 
adapted from previous publication (11); 

publ i shed  ana ly se s  (2, 6-7) 
and should average about  6 . 1  
cu  cm of methanelg of c o a l .  
This  i s  only 13 p c t  h i g h e r  
t han  the  va lue  determined by 
t h e  d i r e c t  d e s o r p t i o n  method 
f o r  t h r e e  Greene County core  
samples (8,s). Resu l t s  
from the se  t e s t s  a r e  p l o t t e d  
on t h e  graph of d a t a  from 
the  P i t t sbu rgh  coalbed 
( f i g .  10 ) .  The average depth 
of t he se  t h r e e  sampleswas 962 
f e e t ,  and t h e  average gas  
con t en t  was 5.3 cu cm/g. 
A reason  f o r  t h i s  anomaly 
could be a  r educ t i on  i n  
overburden p re s su re  due t o  
mining of t h e  ove r ly ing  
P i t t sbu rgh  coalbed,  t hus  
e s t a b l i s h i n g  new e q u i l i b r i u m  
cond i t i ons  . The lower 
h y d r o s t a t i c  p r e s su re s  could 1 
cause gas t o  desorb from t h e  
Upper F reepo r t  coalbed.  New 
p o i n t s  have been p l o t t e d  f o r  1 
t h e  Upper Freepor t  coalbed 1 
by s u b t r a c t i n g  t h e  over- I 
burden above t h e  mined 
P i t t sbu rgh  coalbed t o  
r e f l e c t  t he  assumed e q u i l i b -  
r ium depths  (A',  B ' ,  and c', - - 
f i g .  10) .  

An important  bu t  
unknown f a c t o r  i s  t h e  l eng th  
of t ime necessary  f o r  gas t o  
desorb  from a coalbed under 
such cond i t i ons  and a  new 
equ i l i b r i um t o  be e s t a b -  
l i s h e d .  P o i n t s  A 'and B ' p l o t  
c l o s e l y  t o  on $e 
graph f o r  t h e  P i t t s b u r g h  
coa lbed ,  however, p o i n t  C '  
does n o t .  This  po in t  cou ld  
be i n £  luenced by t h e  over- 
l y i n g  v i r g i n  P i t t s b u r g h  coa l -  
bed t o  t h e  west and south-  
w e s t ,  and po in t  C_ may indeed 
be t he  t r u e  dep th  e q u i l i b -  
r ium f o r  t h i s  co re  sample. 



SUMMARY AND CONCLUSIONS 

The Upper Freeport  coalbed i n  Faye t te  County con ta in s  190 t o  400 b i l l i o n  
cubic  f e e t  of methane based on a n  e s t ima te  of t h e  t o t a l  coa l  i n  p l a c e .  The 
methane conten t  i s  assumed t o  be 140 t o  300 cubic  f e e t  per  t on  of c o a l .  The 
t o t a l  coa l  i n  p l ace  was determined by us ing  370 d a t a  p o i n t s .  The v a r i a b l e  
t h i cknes s  of t h e  coalbed i n  t h i s  a r e a  w i l l  r e q u i r e  c a r e f u l  p rope r ty  e v a l u a t i o n  
and mine planning . 

The s t r u c t u r a l  e l e v a t i o n  ranges from 200 f e e t  below t o  2,600 f e e t  above 
s e a  l e v e l ,  and overburden th i cknes s  ranges from 0 t o  over 1,400 f e e t .  The 
face  c l e a t  t rends  N 72" W ,  and t h e  b u t t  c l e a t  t r ends  N 21" E. 

Degas i f i ca t i on  i n  advance of mining may be adv i sab l e  f o r  p a r t s  of t h e  
coalbed wi th  more than 200 cu f t  of methane per  ton  of c o a l  i n  p l ace .  Gas 
con ten t s  of t h i s  o rder  can be  expected where t h e  Upper Freepor t  i s  under 
more than 800 f e e t  of overburden, most ly  i n  t h e  western p a r t  of t h e  county. 
Due t o  the  v a r i a b l e  n a t u r e  of t h e  Upper Freepor t  coalbed i n  t h i s  a r e a ,  a 
c o r e  ho l e  spacing of 2,000 f e e t  o r  l e s s  may be necessary  t o  a c c u r a t e l y  d e t e r -  
mine r e s e r v e s  and low c o a l  a r e a s .  
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APPENDIX. --AVERAGE OF C CAL CLEAT TRENDS FOR INDIVIDUAL 
QUADWNGLES I N  THE STUDY AREA 

Quadrangle 
Brownfield. .......................... 
Cal i forn ia . . .  ......................... 
Carmichaels.... ....................... ........................... Confluence. 
Conne l l sv i l l e  ......................... 
Dawson........... ..................... 
Donegal ............................... 

.......................... Fayet te  C i ty  
For t  Necessity ........................ 
Fr iendsv i l l e . . .  ....................... ............................. Lake Lynn 
Mason tm. . . . . . .  ...................... 
M i l l  Run....... . . . . . . . . . . . . . . . . . . . . . . .  
Morgantown North... ................... 
New Salem ............................. 
Ohiopyle .............................. 
Smithfield. . . . . . . . .  ................... 
South Connel l sv i l le . .  ................. 
Uniontown........ . . . . . . . . . . . . . . . . . . . . .  
l ~ i d e  peak. 
"Double peak. 
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