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INVESTIGATION O F  SIMILARITIES BETWEEN METHANE DRAINAGE POTENTIAL  
OF UTAH'S SUNNYSIDE COALBED AND EASTERN U.S. COALBEDS 

By Gregory M. Melinda. Thomas M. Kohler. and Gerald L. ~i nfinger3 

ABSTRACT 

The Bureau of Mines has completed an i n v e s t i g a t i o n  of t h e  e f f ec -  
t i v e n e s s  of methane d r a inage  i n  t h e  Lower Sunnyside Coalbed a t  Kaiser  
S t e e l  Corp.'s Sunnyside No. 1 Mine i n  Utah. Most of t h e  prev ious  a t -  
tempts  t o  d r a i n  methane gas  us ing  long  h o r i z o n t a l  h o l e s  were conducted 
i n  t h e  Eas t e rn  Coal Province.  From t h e  h igh  degree  of success  r e a l i z e d  
i n  t h e s e  e f f o r t s  and t h e  l a r g e  body of knowledge gained from asso- 
c i a t e d  r e s e a r c h ,  i t  seemed n a t u r a l  t o  extend t h e  technology t o  wes te rn  
c o a l f i e l d s .  

Previous work had i n d i c a t e d  t h a t  p r o p e r t i e s  a f f e c t i n g  gas  d ra inage  
were v a r i a b l e  i n  t h e  Sunnyside Coalbed. I n  an a t tempt  t o  c h a r a c t e r i z e  
t h e s e  p r o p e r t i e s ,  f o u r  d e g a s i f i c a t i o n  h o l e s  were d r i l l e d  from t h e  out-  
s i d e  e n t r i e s  of an  advancing s e c t i o n .  The h o l e s  were d r i l l e d  t o  l eng ths  
of  780, 1,680, 1,315, and 1,047 f t  and produced i n i t i a l  f low r a t e s  
of 50,000, 180,000, 340,000, and 240,000 f  t 3 / d ,  r e s p e c t i v e l y .  A t o t a l  
of  over  300 m i l l i o n  f  t3 of commercial-quality gas  has  been removed from 
t h e  Sunnyside Coalbed. The f o u r  h o l e s  have reduced f a c e  emissions by 
78 pc t .  

' ~ e o l o g i s  t. 
2 ~ i n i n g  engineer .  
3 ~ u p e r v i s o r y  g e o l o g i s t .  

P i t t s b u r g h  Research Center ,  Bureau of Mines, P i t t sbu rgh ,  PA.  



INTRODUCTION 

The Bureau of Mines began i n v e s t i g a t i n g  
methods of c o n t r o l l i n g  gas  emiss ions  i n t o  
underground mine workings i n  1964. Since 
t h a t  t ime ,  a  number of s u c c e s s f u l  proj-  
e c t s  i n  t h e  P i t t s b u r g h  Coalbed have shown 
t h a t  h o r i z o n t a l  gas  dra inage  h o l e s  can 
reduce methane gas  emissions by a s  much 
a s  70 p c t  (1) .4  

In  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  Book 
C l i f f s  c o a l f i e l d  i n  e a s t - c e n t r a l  Utah 
( f i g .  1) was s e l e c t e d  f o r  s e v e r a l  rea-  
sons.  F i r s t ,  t h e  coalbeds i n  t h i s  a r e a  
c l o s e l y  approximate e a s t e r n  c o a l s  i n  rank 
and gas  conten t .  Second, t h e  s t r a t a  a r e  
s t r u c t u r a l l y  s imple w i th  f l a t - l y i n g  beds. 
Thi rd ,  t h e  Sunnyside Coalbed presen ted  
some unique gas  r e s e r v o i r  condi t ions .  

Mines i n  t h e  Book C l i f f s  c o a l f i e l d  have 
h i s t o r i c a l l y  been hazardous workplaces. 
Bumps o r  sma l l  o u t b u r s t s ,  which a r e  rare 
i n  Eas t e rn  U.S. coa lbeds ,  a r e  common i n  
t h e  Book C l i f f s  c o a l f i e l d .  The c o a l  i n  
t h e  a r e a  of Sunnyside Mines i s  h ighly  
s t r e s s e d  and tends  t o  f a i l  v i o l e n t l y .  
Seve ra l  major mine explos ions  have been 
r e l a t e d  t o  sudden r e l e a s e s  of g a s  dur- 
i n g  f a c e  and r i b  f a i l u r e  (2 ) .  Like t h e  - 

e a s t e r n  mines,  t h e  Sunnyside Mines exper- 
i ence  p e r s i s t e n t  methane emissions a t  t h e  
face .  A l l  t h e s e  c h a r a c t e r i s t i c s  made t h e  
Sunnyside Mines an e x c e l l e n t  s i t e  f o r  t h e  
s tudy  of gas  dra inage  p r o p e r t i e s .  

Gas emissions i n  a  p a r t i c u l a r  c o a l  mine 
depend p r imar i l y  on t h e  permeabi l i ty ,  ga s  
con ten t ,  and gas  p re s su re  of t h e  coalbed. 
Estimated permeabi l i ty ,  gas  con ten t ,  and 
gas  p re s su re  of t h e  Sunnyside Coalbed a r e  
2  m i l l i d a r c i e s  , 160 f t  3/st,  and 620 l b /  
i n 2 ,  r e s p e c t i v e l y  ( 3 ) .  These a r e  approx- 
imate  f i g u r e s  , s u b j e c t  t o  wide v a r i a t i o n ,  
depending on loca t ion .  

Because t h e r e  a r e  some d i f f e r e n c e s  i n  
c h a r a c t e r i s t i c s  of t h e  Sunnyside Coalbed 
and those  of coalbeds i n  t h e  Eas te rn  
United S t a t e s ,  t h e  e f f e c t i v e n e s s  of ho r i -  
z o n t a l  h o l e s  f o r  methane c o n t r o l  i n  t h e  
Sunnyside Coalbed could only be de t e r -  
mined by in-mine t r i a l s .  The purpose of 
t h e  p r e s e n t  s tudy  w a s  t o  p l an ,  implement, 
monitor,  and eva lua t e  a  methane c o n t r o l  
s t r a t e g y  us ing  h o r i z o n t a l  ho l e s  i n  t h e  
Sunnyside Coalbed and t o  compare t h e  re- 
u l t s  w i t h  methane c o n t r o l  r e s u l t s  from 
s t u d i e s  i n  t h e  Eas te rn  United S t a t e s .  
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PREVIOUS STUDIES AT SUNNYSIDE MINES 

Previous  s t u d i e s  had i n d i c a t e d  t h e  need 
t o  c h a r a c t e r i z e  t h e  gas  dra inage  proper- 
t i e s  of t h e  Sunnyside Coalbed, where t h e  
c o a l  c h a r a c t e r i s t i c s  a r e  conducive t o  
h igh  stress buildup. The coalbed (bo th  
upper and lower s p l i t s )  i s  hard,  b r i t t l e ,  
r e l a t i v e l y  un f r ac tu red ,  and e x h i b i t s  poor 
c l e a t  development. These c h a r a c t e r i s t i c s  
undoubtedly i n f luence  coalbed permeabil- 
i t y ,  and t h u s  gas  drainage.  

Per ry  ( 1 )  r epo r t ed  d r a s t i c  v a r i a t i o n s  
i n  d r i l l  Fit pene t r a t i on  r a t e s  encoun- 
t e r e d  i n  a  previous h o r i z o n t a l  methane 

l u n d e r l i n e d  numbers i n  p a r e n t h e s e s  re- 
f e r  t o  items i n  t h e  l i s t  of r e f e r e n c e s  a t  
t h e  end of  t h i s  r e p o r t .  

d ra inage  p r o j e c t  a t  t h e  Sunnyside No. 1  
Mine. D r i l l  b i t  p e n e t r a t i o n  r a t e s  var- 
i e d  between 6 and 36 in/min,  i n  ho l e s  
d r i l l e d  i n  t h e  same d i r e c t i o n  and sepa- 
r a t e d  by only 350 f t  ( f i g .  2).  Var iab le  
pene t r a t i on  r a t e s  from 6 t o  18 in/min 
were noted whi le  d r i l l i n g  t h e  f o u r  drain-  
age h o l e s  f o r  t h e  p re sen t  s tudy.  Har- 
grove g r i n d a b i l i t y  t e s t s  performed on 
c o a l  samples c o l l e c t e d  dur ing  d r i l l i n g  
i n d i c a t e d  t h a t  c o a l  hardness  remained 
cons tan t .  The observed v a r i a b i l i t y  i n  
pene t r a t i on  r a t e s  was i n d i c a t i v e  of rap- 
i d l y  changing s t r e s s  f i e l d s ,  poss ib ly  
r e l a t e d  t o  mining, which could a f f e c t  
permeabi l i ty  and thus  dra inage  e f f e c t i v e -  
ness .  Changing s t r e s s  f i e l d s  could a l s o  



FIGURE 1. - Location of Book C l i f f s  and other 
Utah coalf ields. 

be caused by r ap id ly  changing l o c a l  re- 
l i e f ,  which g r e a t l y  exceeds t h e  l o c a l  re- 
l i e f  over  most Eas t e rn  U.S. coalbeds. 

Another i n d i c a t i o n  of v a r i a b l e  reser -  
v o i r  cond i t i ons  was s e e n  i n  a previous 
Bureau d r i l l i n g  p ro j ec t .  Drainage h o l e s  
d r i l l e d  i n  t h e  No. 1 and No. 3  Mines 
( f i g .  3) showed l a r g e  d i f f e r e n c e s  i n  pro- 
d u c t i v i t y .  This could have been due t o  
s e v e r a l  f a c t o r s ,  inc luding  v a r i a b l e  gas  
con ten t ,  bleedoff  of gas  due t o  adja-  
c e n t  mine workings, ho le  d i r e c t i o n ,  ho le  
blockage, v a r i a b l e  s t r e s s  f i e l d s ,  o r  
phys i ca l  p r o p e r t i e s  of t h e  seam and c o a l ,  
such  as v a r i a b l e  permeabi l i ty .  

I n  t h i s  e a r l i e r  d e g a s i f i c a t i o n  p r o j e c t ,  
f a c e  emissions i n  t h e  No. 3  Mine were 
roughly one-eighth those  i n  t h e  No. 1 
Mine (Manshaft Dips s e c t i o n ) ,  even though 
t h e  No. 3  Mine i s  under deeper cover 
(1,800 f t  versus  1,200 f t ) .  Gas dra inage  
ho le s  i n  t h e  two mines a l s o  showed d i f -  
f e r e n t  i n i t i a l  production. Short  drain-  
age ho le s  from t h e  No. 3  Mine (180 and 
85 f t  long)  showed n e g l i g i b l e  product ion,  

Face cleat 

Hole I Hole 2 
450ft 

by mine 

b B i t  penetration rate 
36 in/min 

FIGURE 2. - Map v iew of previous methane drainage 
holes at Sunnyside Mine No. 1, Manshaft Dips section. 

PRESENT 
STUDY AREA +\ Previous Bureau 

of Mines 
Manshaft D i ~ s  . study area 

FIGURE 3. - Outl ine of Sunnyside Mines showing 
locations of past and present study areas. 

while  one hole  (95 f t  long)  from t h e  
Manshaft Dips s e c t i o n  of t h e  No. 1 Mine 
was producing 50,000 f t 3 / d .  This pos- 
s i b l y  ind ica t ed  t h e  supe r io r  r e s e r v o i r  
q u a l i t i e s  of t h e  Manshaft Dips a r e a ,  a s  
opposed t o  t h e  No. 3  Mine s tudy a rea .  

I n  a  later s tudy a t  t h e  No. 1 Mine, 
Manshaft Dips s e c t i o n ,  two d e g a s i f i c a t i o n  
ho le s ,  one d r i l l e d  a t  20' o f f  f a c e  c l e a t  
d i r e c t i o n  (430 f t  long)  and one d r i l l e d  
perpendicular  t o  f a c e  c l e a t  (450 f t  long)  
( f i g .  2 ) ,  produced 160,000 and 127,000 



f t 3 / d ,  r e s p e c t i v e l y .  These two h o l e s  reasons  f o r  t h e  extreme d i s p a r i t i e s  i n  
were on produc t ion  9 months and produced gas  p roduc t ion  from d ra inage  ho l e s  i n  t h e  
over  35 m i l l i o n  f t 3  of methane. The NO. 1 and NO. 3  Mines a r e  no t  known. 

STUDY AREA 

The methane d ra inage  s i t e  i n  t h e  Sunny- 
s i d e  NO. 1 Mine, Sunnyside,  UT, was i n  
t h e  Manshaf t Dips s e c t i o n  ( f i g .  3 ) .  P r i -  
o r  t o  t h e  s t a r t  of t h i s  p r o j e c t ,  t h e  Man- 
s h a f t  Dips s e c t i o n  had been c losed  t o  
mining f o r  15 months because of exces s ive  
methane emiss ions .  

The methane d ra inage  p l a n  was t o  com- 
p l e t e  f o u r  h o r i z o n t a l  h o l e s  from t h e  out-  
s i d e  e n t r i e s  of t h e  s e c t i o n .  Each ho r i -  
z o n t a l  h o l e  was t o  be d r i l l e d  t o  a  dep th  

of a t  l e a s t  1,000 f t  (305 m). Two h o l e s  
were d r i l l e d  perpendicu la r  t o  f a c e  c l e a t  
and two h o l e s  were d r i l l e d  p a r a l l e l  t o  
f a c e  c l e a t  ( f i g .  4 ) .  The d i r e c t i o n  of 
t h e  f a c e  c l e a t  i s  approximately perpen- 
d i c u l a r  t o  t h e  d i r e c t i o n  of mining ad- 
vance of t h e  Manshaft Dips s e c t i o n .  The 
Manshaft Dips s e c t i o n  s lopes  downward 
a t  about  5" i n  t h e  d i r c e t i o n  of s e c t i o n  
advance. 

LEGEND - Pipeline - Intake air 
Return air 

-#- Regulator *, Curtain direction 
==.=it= Stopping 

MANSHAFT DIPS 

Vertical borehole 

100 200 

Scale, f t 

FIGURE 4. - Map v iew of Manshaft D i ps  sect ion showing hor izontal  hole locations. 



DRILLING PROCEDURE AND RESULTS 

A r o t a r y  d r i l l i n g  technique  developed 
by t h e  Bureau i n  E a s t e r n  U.S. coalbeds 
was a l s o  s u c c e s s f u l  i n  t h e  Sunnyside 
Coalbed ( 4 ) .  Each h o l e  was d r i l l e d  w i t h  
3.5-in-diam d rag  o r  diamond b i t s  powered 
by a n  e l e c t r o h y d r a u l i c  d r i l l  u n i t .  The 
f o u r  h o l e s  were d r i l l e d  t o  dep ths  of 780, 
1,680, 1,315, and 1,047 f t ,  r e s p e c t i v e l y .  
(The f i r s t  h o l e  t e rmina ted  prematurely  
when i t  i n t e r s e c t e d  a n  e n t r y . )  

The r e s u l t s  of t h i s  d r i l l i n g  p r o j e c t  
a r e  p r e sen t ed  i n  t h e  nex t  two s e c t i o n s .  
Subsequent s e c t i o n s  d i s c u s s  phys i ca l  
p r o p e r t i e s  t h a t  a f f e c t  methane d r a inage  
p o t e n t i a l .  Then, g e n e r a l  p r o j e c t i o n s  a r e  
made concerning t h e  p o t e n t i a l  f o r  fu- 
t u r e  methane d r a inage  from t h e  Sunnyside 
Coalbed. 

GAS FLOWS FROM INDIVIDUAL HOLES 

The gas  f low from t h e  f o u r  h o r i z o n t a l  
h o l e s  was measured by monitor ing pres- 
s u r e  d i f f e r e n t i a l s  on 2-in-diam v e n t u r i  
mete rs  and conve r t i ng  t h e  read ings  t o  
f low rates. Hole produc t ion  was e s t i -  
mated by c o l l e c t i n g  a  s e r i e s  of s p o t  
r ead ings  and prepar ing  graphs over  t h e  
l i f e  of t h e  p r o j e c t .  Gas f lows between 
r ead ings  were assumed t o  be a t  l e v e l s  
determined by drawing a  s t r a i g h t  l i n e  be- 
tween consecu t ive  readings.  This  same 
procedure had been used s u c c e s s f u l l y  i n  
t h e  E a s t e r n  U.S. coalbeds.  The gas  pro- 
d u c t i o n  d a t a  i n  t a b l e  1  a r e  based on t h e  
assumption t h a t  p roduc t ion  from t h e  ho r i -  
z o n t a l  h o l e s  was u n i n t e r r u p t e d  between 
t h e  s p o t  read ings .  

Table  1  g i v e s  t h e  i n i t i a l ,  s t a b i l i z e d ,  
and t o t a l  p roduc t ion ,  a s  w e l l  a s  t h e  pro- 
d u c t i o n  l i f e  f o r  e ach  of t h e  h o r i z o n t a l  
ho l e s .  I n i t i a l  f lows from h o l e s  3  and 4  

were cons iderab ly  h ighe r  than  t hose  from 
h o l e s  1  and 2. This  was t o  be expec ted ,  
s i n c e  h o l e s  3  and 4  were d r i l l e d  perpen- 
d i c u l a r  t o  t h e  f a c e  c l e a t ,  whereas h o l e s  
1  and 2  were more o r  l e s s  p a r a l l e l  t o  t h e  
f a c e  c l e a t  ( f i g .  4) .  The g r e a t e s t  pro- 
duc t i on  can be expected from ho l e s  
d r i l l e d  perpendicu la r  t o  t h e  d i r e c t i o n  of 
t h e  f a c e  c l e a t ,  s i n c e  h o l e s  s o  o r i e n t e d  
a r e  most l i k e l y  t o  i n t e r s e c t  f a c e  c l e a t s ,  
which can conduct methane gas .  Also,  
h o l e  1  was i nadve r t en t l y  d r i l l e d  i n t o  a  
s e t  of b l eede r  e n t r i e s  and had a  low 
f low r a t e  because of i t s  r e l a t i v e l y  sma l l  
d r a inage  a r ea .  To unders tand t h e  impor- 
t a n c e  of c l e a t  d i r e c t i o n  w i th  r e s p e c t  
t o  ga s  p roduc t ion  i n  t h e  Sunnyside Coal- 
bed, h o l e  dep th  must a l s o  be considered.  
Using t h e  h o l e  dep th ,  t h e  gas  flow pe r  
l i n e a r  f o o t  of h o r i z o n t a l  ho l e  can be 
determined. 

Holes 1  and 2  ( p a r a l l e l  t o  t h e  f a c e  
c l e a t )  had i n i t i a l  gas  f lows of 64 and 
107 ( f t 3 / d ) / f t ,  r e spec t i ve ly .  Holes 3  
and 4  (pe rpend icu l a r  t o  t h e  f a c e  c l e a t )  
had i n i t i a l  ga s  flows of 258 and 229 
( f t 3 / d ) / f t ,  r e spec t i ve ly .  Thus, f a c e  
c l e a t  d i r e c t i o n  was determined t o  be an  
impor tan t  cons ide ra t i on  i n  planning a  
h o r i z o n t a l  methane dra inage  program i n  
t h e  Sunnyside Coalbed, a s  had a l s o  been 
t h e  c a s e  i n  t h e  Eas te rn  U.S. coalbeds.  

F igure  5  shows t h e  gas  p roduc t ion  from 
t h e  i n d i v i d u a l  h o l e s  thoughout t h e  l i f e  
of t h e  p r o j e c t .  The g e n e r a l  shape of t h e  
curves  is  s i m i l a r  t o  t h a t  of p roduc t ion  
curves  from h o r i z o n t a l  methane d ra inage  
h o l e s  d r i l l e d  i n  Eas te rn  U.S. coalbeds.  
The c o n s t i t u e n t s  of t h e  coalbed gas  
d r a ined  from t h e  h o r i z o n t a l  ho l e s  are 
shown i n  t a b l e  2. The gas  from t h e  Sun- 
nys ide  Coalbed was comparable t o  s e l e c t e d  

TABLE 1. - Gas produc t ion  d a t a  f o r  t h e  
f o u r  h o r i z o n t a l  h o l e s  

Hole 

1  ........ 
2 ........ 
3 ........ 
4 ........ 

Product ion,  
lo3 f t 3 / d  

Product ion 
l i f e ,  days 

640 
670 
7  00 
600 

I n i t i a l  
50 

180 
340 
240 

T o t a l  
product ion,  

lo6 f t 3  
5.4 

82.0 
145.0 
69.0 

S t a b i l i z e d  
10 

120 
200 
110 



Eastern U.S. coalbed gases, and was suit- 
able for commercial utilization. How- 
ever, since no commercial gas pipeline 
was available, the gas was vented to the 
atmosphere. 

OVERALL REDUCTION OF METHANE EMISSIONS 

One objective of the methane drainage 
study at the Sunnyside No. 1 Mine was 

Hole I 
KEY 

o Actufdreadnp 
- Roduclion (es asauned - reedhps) ---- KrormperlodofpFoductiar 

i l t e rmm 

to reduce the amount of methane being 
emitted into the Manshaft Dips section. 
Ventilation surveys of the section were 
conducted before and after drilling to 
determine the quantity of methane enter- 
ing the section. Air velocities were 
measured with vane-type anemometers, and 
methane levels were determined in the 
laboratory from bottle samples. 
The total volume of methane emitted in 

the Manshaft Dips section prior to hori- 
zontal drilling was 248 ft3/min. At the, 
completion of the drilling study, methane 
emissions in the section had decreased to 
about 60 ft3/min, showing that the hori- 
zontal holes were capturing about 188 
ft3/min, or approximately 78 pct of the 
predrilling emissions. By comparison, 
degasification had reduced methane emis- 
sions by up to 70 pct in Eastern U.S. 
coalbeds by degasification (5). 
Figure 6 shows the methane levels be- 

fore and after drilling, as well as the 
effect on methane levels of interrupting 
production from the horizontal holes. 
When the holes were shut down, methane 
emissions in the Manshaft Dips section 
returned to about the predrilling level. 
In the three holes that were deeper than 
1,000 ft, methane that was trapped beyond 
1,000 ft was allowed to flow through the 

50i 100 200 300 400 500 600 700 800 900 O 

TIME, days 

F I G U R E  5. - Gas production from horizontal holes 

a t  Manshaft Dips section. 

Predrilling All holes All holes 
completed shut in 
EVENT 

FIGURE 6. - Methane emissions during key events 

at Manshaft Dips section. 



TABLE 2. - Comparison of c o n s t i t u e n t s  of coalbed g a s  
from s e l e c t e d  coa lbeds ,  pe rcen t  

............... Methane (CH4) 
Ethane ( C 2 H 6 ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . . .  
Propane (c3H8).............. 
Butane ( C 4 H 1 0 ) 0 0 0 0 0 0 0 0 0 0 0 0 u  
Carbon d ioxide  (C02) ........ 
Nitrogen (N2) ............... 
Oxygen (02) ................. 

Sunnyside P i t t sbu rgh  Pocahontas 
No. 3 

97.07 
1.25 

.0011 

.0001 
020 

2.79 
16 

borehole  t o  t h e  va lve  without  r e s t r i c -  by an  underground p i p e l i n e  and emissions 
t i o n .  With a  minimal p r e s s u r e ,  methane i n  t h e  s e c t i o n  decreased. This empha- 
bypassed t h e  shut - in  va lve  by f lowing s i z e s  t h e  importance of main ta in ing  con- 
through t h e  n a t u r a l  f r a c t u r e  system t inuous  gas  product ion from t h e  h o l e s  t o  
( c l e a t )  of t h e  coalbed and i n t o  t h e  mine ensure  t h a t  methane concen t r a t i ons  i n  t h e  
workings. However, once t h e  ho l e s  were s e c t i o n  remain a t  t h e  lowest  p o s s i b l e  
back on product ion ,  methane was captured l e v e l s .  

Ki t tanning  

95.47 
ND 
ND 
ND 

010 
3.97 

.47 

~ t u / f t ~ . .  ................... I 984 1 989 

PHYSICAL PROPERTIES OF SUNNYSIDE COALBED 

1,005 1 966 

Seve ra l  phys i ca l  p r o p e r t i e s  of coal- 
beds a f f e c t  t h e i r  d ra inage  p o t e n t i a l .  
These i nc lude  gas  con ten t  and in-seam 
permeabi l i ty .  

ND Not de tec ted .  

GAS CONTENT 

According t o  t h e  Utah Geological  and 
Mineral  Survey, Book C l i f f s  gas  con ten t s  
range from 0.0 t o  10.0 cm3Ig ( 6 ) .  Howev- 
e r ,  tests performed i n  t h i s  s tudy  on t h e  
Sunnyside Coalbed were inconclus ive  be- 
cause  of t h e  smal l  number of d a t a  p o i n t s  
obtained.  S imi l a r  t e s t s  on t h e  P i t t s -  
burgh Coalbed have shown t h e  gas  conten t  
t h e r e  t o  be 6 cm3Ig. 

One f a c t o r  i n f luenc ing  t h e  gas  conten t  
of c o a l  seams i s  depth  of cover. It has  
been c l e a r l y  shown t h a t  ga s  con ten t  in -  
c r e a s e s  w i th  i nc reas ing  depth of cover 
(I). The rugged canyon t e r r a i n  of e a s t -  
e r n  Utah, w i th  i t s  deep canyons and r a p i d  
r e l i e f  changes,  could e x p l a i n  changes i n  
gas  con ten t  over  s h o r t  d i s t ances .  

PERMEABILITY AND GEOLOGY 

I n  g e n e r a l ,  coalbed permeabi l i ty  ap- 
pea r s  t o  depend on s e v e r a l  f a c t o r s ,  t h e  

most important  probably being c l e a t  de- 
velopment. Well-developed c l e a t  wi th  
good permeabi l i ty  provides  e f f e c t i v e  con- 
d u i t s  f o r  t r a n s p o r t i n g  gas .  Consequent- 
l y ,  t h e  most e f f i c i e n t  and product ive  
h o r i z o n t a l  methane dra inage  ho l e s  a r e  
d r i l l e d  perpendicu la r  t o  t h e  d i r e c t i o n  
of t h e  f a c e  c l e a t  s o  a s  t o  i n t e r s e c t  t h e  
g r e a t e s t  number of f a c e  c l e a t s  per  u n i t  
of h o l e  length .  Good c l e a t  development 
i nc ludes  wel l -def ined,  cont inuous,  open 
f r a c t u r e s  and dense c l e a t  spacing. The 
upper Sunnyside Coalbed (No. 1  Mine), 
where t h e  dra inage  h o l e s  were d r i l l e d ,  i s  
cha rac t e r i zed  by long s p l i n t e r y  f r a c t u r e s  
of r i b  and p i l l a r  t h a t  provide e x c e l l e n t  
permeabi l i ty  d e s p i t e  poor c l e a t  develop- 
ment (8 ) .  Theissen and Sprunk (8) re- 
p o r t e d  t h a t  t h e  lower Sunnyside Coalbed 
(No. 3  Mine) has  poorly developed c l e a t .  
Since i t  a l s o  l a c k s  t h e  long  s p l i n t e r y  
f r a c t u r e s  of t h e  upper Sunnyside, t h e  
lower Sunnyside e x h i b i t s  r e l a t i v e l y  low 
permeabi l i ty .  

The Utah Geologic and Mineral Survey 
i n v e s t i g a t e d  t h e  p o s s i b i l i t y  of a  discon- 
t i n u i t y  between t h e  No. 1  and No. 3  Mines 
(5). I f  t h e  coalbed were i n t e r r u p t e d  
by d i s c o n t i n u i t y ,  such a s  f a u l t i n g  o r  



paleochannel washouts, t h e  gas system 
could be separa ted  i n t o  sma l l e r  r e se r -  
v o i r s  w i th  d i f f e r e n t  p r o p e r t i e s .  Figure 
7 i s  a  diagram of t h e  Sunnyside ope ra t ion  
i n  t h e  Book C l i f f s ,  showing both t h e  
No. 1 and No. 3 Mines. This  diagram 
shows t h a t  t h e  Sunnyside Coalbed p e r s i s t s  
throughout t h e  two-mine a r e a .  Also obvi- 
ous i s  t h e  v a r i a b l e  n a t u r e  of t h e  coal- 
bed. Although considered one u n i t ,  t h e  
coalbed commonly s p l i t s  i n t o  two main $7 
benches separa ted  by a s  much a s  75 f t .  
Usually a s soc i a t ed  above and below t h e  
main benches a r e  two t o  t h r e e  t h i n  r i d e r  7 
coa l s .  

Schiebner (9) mapped a  s ing le-en t ry  
longwall  development w i th in  1,500 f t  of 
t h e  s tudy a rea .  By d r i l l i n g  coreholes  i n  
t h e  roof and f l o o r ,  s e v e r a l  c r o s s  sec- 
t i o n s  were cons t ruc ted  which showed t h e  

- - Mlne boundary 
lower bench and a s s o c i a t e d  r i d e r s .  These 

,- Coal outcrop 
coalbeds a r e  w i th in  s e v e r a l  f e e t  of t h e  
a c t i v e l y  mined coalbed, and i t  is  known 
t h a t  they  c o n t r i b u t e  methane t o  t h e  mine 
atmosphere. Gas has been seen  bubbling 
through s t and ing  water  a t  t h e  bottom of FIGURE 7. - Fence diagram of Sunnyside Coalbed 

a n  exhaust  s h a f t  i n  t h e  No. 1 Mine ( 2 ) .  In the Sunnyside No. 1 and No. 3 Mines. 

Gas is  a l s o  commonly emi t ted  dur ing  rzof  
b o l t i n g  opera t ions .  Other c o n t r i b u t o r s  has e i t h e r  migrated from coalbeds o r  
of  methane a r e  t h i c k  sandstone u n i t s  i n  has  been generated i n  p l ace  by o rgan ic  
t h e  roof and f l o o r  t h a t  s t o r e  gas  t h a t  i nc lus ions .  

PROJECTIONS FOR POTENTIAL OF FUTURE GAS DRAINAGE AT SUNNYSIDE 

Some genera l  s ta tements  can be made 
about  r e s e r v o i r  cond i t i ons  t o  be an t i c -  
i p a t e d  a s  mining progresses  under deeper  
cover. Gas content  should i n c r e a s e  due 
t o  t h e  i n c r e a s e  i n  conf in ing  p re s su res  
(which prevents  gas  escape) .  Mine emis- 
s i o n s  should inc rease  due t o  increased  
gas  content  and increased  conf in ing  
pressure .  The time needed t o  degas i fy  
c o a l  i n  advance of mining should a l s o  
increase .  S tud ie s  have shown t h a t  i n i -  
t i a l  gas  f lows from deeply buried coal- 
beds have been lower than  i n i t i a l  f lows 
from shal lower beds (10) because t h e  - 
g r e a t e r  conf in ing  p re s su res  reduce 
permeabil i ty .  

Mine emissions w i l l  be g r e a t e s t  i n  t h e  
a r e a s  where both s p l i t s  a r e  combined and 
mined a s  one seam. Scheibner no te s  t h a t  
when both s p l i t s  a r e  combined they  r e t a i n  
t h e i r  i nd iv idua l  c h a r a c t e r i s t i c s  (?), 
t h a t  i s ,  t h e  upper s p l i t  is  f r a c t u r e d  

and t h e  lower s p l i t  i s  not .  I n  d r i l l i n g  
dra inage  h o l e s ,  it may be adv i sab le  t o  
confine d r i l l i n g  t o  t h e  upper s p l i t  a s  
much as poss ib l e  i n  o rde r  t o  r e a l i z e  op- 
timum drainage.  

I n  eva lua t ing  t h e  e f f e c t i v e n e s s  of t h e  
four-hole dra inage  p a t t e r n  a t  Sunnyside 
( f i g .  4 ) ,  it was s t a t e d  t h a t  t h e  dra inage  
ho le s  reduced f a c e  emissions by 78 pc t .  
Table 3 g ives  drainage c h a r a c t e r i s t i c s  
f o r  s e v e r a l  e a s t e r n  .coalbeds (7 ) .  The - 
i n i t i a l  gas  flow ( p e r  l i n e a r  f o o t  of 
hole)  from t h e  Sunnyside Coalbed compared 
favorably  w i t h  t h e  i n i t i a l  flows from t h e  
P i t t sbu rgh ,  Pocahontas No. 3 ,  and Mary 
Lee Coalbeds. Although comparison be- 
tween e a s t e r n  and western c o a l f i e l d s  
based on i n i t i a l  flow per  f o o t  of h o l e  
can be somewhat u s e f u l ,  s p e c i f i c  s i t e  
eva lua t ion  i s  necessary t o  properly eval-  
u a t e  gas  dra inage  p o t e n t i a l s .  



TABLE 3. - Comparison of d r a i n a g e  c h a r a c t e r i s t i c s  of s e l e c t e d  c o a l b e d s  

SUMMARY AND CONCLUSIONS 

H o r i z o n t a l  g a s  d r a i n a g e  h o l e s  have been 
shown t o  be as e f f e c t i v e  i n  r e d u c i n g  ex- 
c e s s i v e  methane e m i s s i o n s  i n  Utah ' s  Sun- 
n y s i d e  Coalbed as t h e y  have been i n  many 
E a s t e r n  U.S. coa lbeds .  Four d r a i n a g e  
h o l e s  w i t h  a n  a g g r e g a t e  l e n g t h  of 4,822 
f  t produced i n  e x c e s s  of 300 m i l l i o n  f  t3 
of  commercia l -qual i ty  g a s  from t h e  Man- 
s h a f t  Dips s e c t i o n  of t h e  Sunnyside No. 1  

Overburden..........................ft.. 
Gas p r e s s u r e .  .................. . l b / i n 2 . .  . Gas c o n t e n t . .  .................. .f t3 /s t .  
I n i t i a l  g a s  f low ............ ( f t 3 / d ) / f t . .  

p r o p e r t i e s  such  as g a s  p r o d u c t i o n ,  d r i l l  
p e n e t r a t i o n  r a t e ,  f r a c t u r e  development,  
and g a s  c o n t e n t  i n d i c a t e  changing physi-  
c a l  p r o p e r t i e s  i n  t h e  same s p l i t  of t h e  
Sunnyside seam, a s  w e l l  as d i f f e r e n c e s  
between t h e  upper  and lower s p l i t s .  
While b o t h  s p l i t s  e x h i b i t  l i t t l e  o r  no 
c l e a t  development,  t h e  upper s p l i t  i s  
v e r t i c a l l y  broken by i r r e g u l a r  f r a c t u r e s .  

NA Not a v a i l a b l e .  

Pocahontas 
No. 3  
1,600 

650 
430 
170 

P i t t s b u r g h  

500-900 
275 
218 
250 

Mine, Methane e m i s s i o n s  i n  t h e  s e c t i o n  T h i s  s p l i t  may have t h e  most p o t e n t i a l  
d e c r e a s e d  by abou t  78 p c t  a f t e r  t h e  h o r i -  f o r  development of t h e  c o a l  methane re -  
z o n t a l  h o l e s  were completed. I n  p r e v i o u s  source .  The p o t e n t i a l  f o r  methane re- 
Bureau s t u d i e s ,  methane e m i s s i o n s  had s o u r c e  development a t  any p a r t i c u l a r  s i t e  
n e v e r  been reduced by more t h a n  70 p c t .  depends on p h y s i c a l  p r o p e r t i e s  such  as 

P r e v i o u s  s t u d i e s  a t  t h e  K a i s e r  S t e e l  g a s  c o n t e n t ,  p e r m e a b i l i t y ,  seam p r e s s u r e ,  
Mines i n  t h e  Sunnyside Coalbed i n d i c a t e d  water s a t u r a t i o n ,  and g e o l o g i c  s t r u c t u r e ,  
d i f f e r e n c e s  i n  r e s e r v o i r  c o n d i t i o n s  be- which a l l  p l a y  a  r o l e  i n  t h e  f i n a l  pro- 
tween t h e  No. 1  and No. 3  Mines. Varying d u c t i o n  of g a s  from a d r a i n a g e  h o l e .  

Mary Lee 

2,100 
830 
512 
200 
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