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REVIEW OF HORIZONTAL DRILLING TECHNOLOGY 
FOR METHANE DRAINAGE FROM US.  COALBEDS 

b y  

Gerald L. F in  finger ' and Joseph Cerv ik  

ABSTRACT 

This  BureauofMines p u b l i c a t i o n  reviews underground methane dra inage  pro- 
grams being conducted i n  va r ious  coalbeds.  Equipmentused i n  d ra inage  programs 
s u c h a s  d r i l l s ,  undergroundpipelines,and methanemonitor ing systems i s  descr ibed.  

INTRODUCTION 

The Bureau of Mines has been conduct ing r e sea rch  i n  mine s a f e t y  s i n c e  i t s  
i n c e p t i o n  i n  1910. Because uncon t ro l l ed  r e l e a s e  of methane from a coalbed i s  
a s e r i o u s  s a f e t y  hazard i n  underground c o a l  mining, t h e  Bureau has conducted an  
e x t e n s i v e  program t o  s t udy  methods of  c o n t r o l l i n g  methane emissions.  An impor- 
t a n t  p a r t  of t h i s  program i s  t h e  work done t o  determine t h e  f e a s i b i l i t y  and 
e f f e c t  of methane dra inage  from coalbeds be fo re  mining. Previous work i nc ludes  
s t u d i e s  aimed a t  unders tanding  t h e  format ion and migra t ion  of  methane i n  coa l -  
beds ( 2 ,  8 )3  and f i e l d  t e s t  methods t o  remove methane ahead of mining (5-6 ,  9 ) .  - - 
One of-thg most e f f e c t i v e  methods of d e g a s i f i c a t i o n  has  been t h e  d r i l l i n g  of- 
smal l -d iameter  (3- t o  3-1/2-inch) d ra inage  ho l e s  h o r i z o n t a l l y  i n t o  t he  coa l -  
bed. Hor i zon t a l  h o l e s  have r e c e n t l y  been d r i l l e d  t o  l eng ths  more than 
2,000 f e e t  by Bureau personnel  and o t h e r s  (4 ,  10 ,  13) .  A l a r g e  p a r t  of t h e  - - 
Bureau ' s  r e sea rch  e f f o r t  has been d i r e c t e d  toward developing s a f e  and e f f i -  
c i e n t  t echniques  f o r  d r i l l i n g  boreholes  and conveying t h e  flow of methane t o  
t h e  su r f ace .  

Experience has shown t h a t  underground h o r i z o n t a l  boreholes  have a g r e a t  
p o t e n t i a l  f o r  producing large-volume flows of  methane. Every f o o t  d r i l l e d  i n  
t h e  coalbed from underground l o c a t i o n s  i s  p roduc t ive  and gasflows i nc rea se  a s  
h o l e  l e n g t h  i nc r ea se s .  I n  us ing  h o r i z o n t a l  boreholes ,  dewater ing pumps a r e  
n o t  necessary  because gas p r e s su re  fo r ce s  water  o u t  of  t h e  ho l e  s o  t h a t  
methane can be recovered through the  use of s imple  and inexpensive gas-water 
s e p a r a t o r s .  

1 Geologis t .  
a Sdpervisory Geophys ic i s t .  

A l l  a u t h o r s  a r e  w i th  t he  P i t t s b u r g h  Research Cente r ,  Bureau of Mines, 
P i t t s b u r g h ,  Pa. 

3 Underlined numbers i n  paren theses  r e f e r  t o  i tems i n  t h e  l i s t  of r e f e r ences  
preceding the appendix.  



UNDERGROUND DRILL EQUIPMENT* 

FIGURE 1. - Handheld a i r  dri l l .  

WhentheBureaubeganits  
hor i zon ta l  d r i l l i n g  program, 
very l i t t l e  infonnation on 
d r i l l ing techn iqueswas  a v a i l -  
able. Early f i e l d  s t u d i e s  
were conducted t o  determine 
the  proper procedures f o r  
d r i l l i n g  s h o r t  hbr i zon ta l  
boreholes ( 7 ) .  The f i r s t  
d r i l l s  used-were handheld 
( f i g .  I )  o r  pos t-mounted and 
e lec t rohydrau l i c  ( f i g .  2).  
These d r i l l s  a r e  e a s i l y  
t ranspor ted  bu t  a r e  notcapa-  
b l e  of e a s i l y  d r i l l i n g  holes  
t o  lengths  of up t o  1,000 
fee t .  Recognizing thepoten-  
t i a l  of long hor izon ta l  
drainage holes  f o r  degas i f i -  
ca t ion  of coalbeds, the  
Bureau s tudied  f a c t o r s  t h a t  
influenced b i t  t r a j e c t o r y ,  
developed methods and equip- 
ment f o r  con t ro l l ing  b i t  
t r a j e c t o r y ,  and designed, 
b u i l t ,  and t e s t e d  a longhole - 
d r i l l - u n i t  f o r  d r i l l i n g  
hor izon ta l  boreholes t o  a t  
l e a s t  1,000 f e e t .  

E. J. Longyear C O . ~  designed the  Bureau's f i r s t  e l ec t rohydrau l i c  longhole 
d r i l l  equipment ( f i g s .  3-4). The d r i l l  u n i t  is  equipped with gages t o  monitor: 
b i t  r o t a t i o n a l  speed, torque,  and th rus t .  The t h r u s t  p o t e n t i a l  of t h e  d r i l l  
u n i t  is  13,000 pounds a t  2,000 p s i  hydraul ic  pressure. Feed length  is about 
11 f e e t  and the  o v e r a l l  length  of the  d r i l l  u n i t  i s  about 18  f e e t .  The power 
u n i t  ( f i g .  4) cons i s t s  of a 30-hp, 440 vac motor t h a t  d r ives  hydraul ic  pumps 
t o  opera te  the  t h r u s t  and spindle  r o t a t i o n  motors on the  d r i l l  un i t .  Using 
t h e  Longyear d r i l l ,  ho r i zon ta l  boreholes have been d r i l l e d  t o  lengths of 
2,110 f e e t  without reaching the  capaci ty  of t h e  d r i l l  u n i t  (4). - 

One disadvantage of the  Longyear d r i l l  ( f i g .  3) is i ts  18-foot length ,  
which makes it d i f f i c u l t  t o  maneuver i n  underground locat ions .  The d r i l l  
could be shortened t o  f a c i l i t a t e  underground handling, but  then the  11-foot 
feed would be sac r i f i ced .  An e lec t rohydraul ic  longhole d r i l l  t h a t  is much 

4This r epor t  includes d iscuss ion of d r i l l s  developed f o r  hor i zon ta l  d r i l l i n g  
underground. Comprehensive coverage of a l l  d r i l l s  t h a t  may be used f o r  
such purpose i s  not  intended. 

5 ~ e f e r e n c e  t o  s p e c i f i c  equipment, t r ade  names, o r  manufacturers does not  imply 
endorsement by the  Bureau of Mines. 



FIGURE 2. - Post-mounted electrohydraul ic  dr i l  I. 

FIGURE 3. - Longyear horizontal dr i l l .  

sma l l e r  and more compact than the  Longyear d r i l l  ( f i g .  5) was designed by the  
Bureau and cons t ruc ted  by Lambert D r i l l i n g  Co. Although t h e  feed length  i s  
l i m i t e d  t o  2 f e e t ,  t h e  Bureau's experience i n d i c a t e s  t h a t  b i t  c o n t r o l  dur ing  
d r i l l i n g  i s  n o t  a f f e c t e d  by f requent  i n t e r r u p t i o n s  i n  d r i l l i n g  because of t he  
s h o r t  feed length.  A p a r t i c u l a r  disadvantage of  the  Lambert d r i l l  i s  t h e  slow 
r e t r a c t i o n  a f t e r  t h e  s p i n d l e  has  been extended i t s  maximum length.  Some h o r i -  
z o n t a l  boreholes  have been d r i l l e d  t o  2,500 f e e t  wi th  no i n d i c a t i o n s  t h a t  t he  
d r i l l  had reached i t s  capac i ty  (10).  B i t  t h r u s t  p o t e n t i a l  o f  t he  d r i l l  i s  
34,000 pounds a t  2,000 p s i  hyd rau l i c  pressure .  The d r i l l  i s  equipped wi th  



* .- - 
FIGURE 4. - Longyear power unit. 

FIGURE 5. - Larnbert d r i l l  



gages t o  monitor b i t  t h r u s t ,  torque,  and r o t a t i o n a l  speed. S e t t i n g  a  d r i l l i n g  
ang le  i s  a  simple adjustment  because t h e  d r i l l  head swive ls  through 360". This 
type of d r i l l  i s  p re sen t ly  marketed by Sprague and Henwood Co,,  Scranton,  Pa. 

Both t h e  Longyear and Lambert d r i l l s  a r e  cr ibbed dur ing  d r i l l i n g  t o  the  
proper  he igh t  and ang le  so  t h a t  t he  h o r i z o n t a l  borehole i s  s t a r t e d  i n  a b o u t t h e  
c e n t e r  of t h e  coalbed and p a r a l l e l  t o  t h e  bedding planes.  I n  a d d i t i o n ,  t he  
d r i l l s  a r e  anchored t o  t h e  coalbed t o  prevent  backward movement of  t h e  d r i l l  
when high t h r u s t s  a r e  being app l i ed  t o  t he  b i t .  A t  t he  s tar t  of d r i l l i n g ,  a  
6-inch-diameter ho le  i s  d r i l l e d  t o  a  depth of about 22 f e e t  and a  4 - inchcas ing  
i s  then  cemented i n  t h e  hole. A gas-water s epa ra to r  t h a t  provides t h e  means 
f o r  c o n t r o l l i n g  methane dur ing  d r i l l i n g  i s  a t t ached  t o  t he  s t e e l  casing. 

Much of t h e  l abo r  involved i n  c r ibb ing  and angl ing  d r i l l s  underground 
becomes unnecessary wi th  the  d r i l l  equipment designed by Acker D r i l l  Co., I n c . ,  
and J. H. F l e t che r  and Co. ( f i g s .  6 - 7 ) ,  which a r e  s i m i l a r  t o  the  d r i l l  designed 
by Longyear. The feed frames of  t he  Acker and F le t che r  d r i l l s  can be hydrau- 
l i c a l l y  e l eva t ed  above f l o o r  l e v e l  and angled above o r  below t h e  h o r i z o n t a l  
plane au tomat ica l ly .  Gas-water s e p a r a t o r s  a r e  a l s o  a n  i n t e g r a l  p a r t  of t h e  
d r i l l s .  The d r i l l  c a r r i e r  f o r  t h e  Acker and F le t che r  d r i l l s  a r e  four-wheeled 
v e h i c l e s  and a r e  h y d r a u l i c a l l y  powered s o  t h a t  t he  equipment can be trammed. 

A l l  of t h e  preceding d r i l l s  have power u n i t s  t h a t  can be separa ted  from 
t h e  d r i l l  u n i t s  by a s  much a s  500 f e e t .  The only connect ions between t h e d r i l l  
and power u n i t s  a r e  hydrau l i c  hoses except  f o r  the  Acker and F le t che r  d r i l l s  
which have Mine Sa fe ty  and Heal th Administrat ion (MSHA) permiss ib le  i l lumina-  
t i o n .  The hydrau l i c  f l u i d  i s  c i r c u l a t e d  by a n  e l e c t r i c a l l y  dr iven  hydrau l i c  

FIGURE 6. - Acker Dr i l l  Co. dri l l .  



FIGURE 7. - J. H. Fletcher and Co. dr i l l .  

pump from the  r e s e r v o i r  on t h e  power u n i t  t o  t he  d r i l l  un i t .  Therefore ,  t h e  
d r i l l s  can be used i n  r e t u r n  airways while  t he  power u n i t  remains i n  f r e s h  
air. The Acker, F l e t c h e r ,  and Lambert d r i l l s  a r e  equipped wi th  hyd rau l i c  
chucks t h a t  g r e a t l y  reduce t h e  t i m e  o f  chucking and pipe p u l l i n g  opera t ions .  

Longyear, I n c . ,  designed a  second e l e c t r o h y d r a u l i c  d r i l l  w i th  t h e  d r i l l  
and permiss ib le  power u n i t  mounted on t h e  same frame ( f i g .  8).  Because t he  
d r i l l  u n i t  cannot be separa ted  from t h e  power u n i t ,  i ts  use  i s  l imi t ed  t o  
i n t ake  a i r  and face  a r e a s  except i n  S t a t e s  where permiss ib le  equipment can be 
opera ted  i n  r e t u r n  airways. The d r i l l  i s  a  sma l l e r  ve r s ion  of t h e  f i r s t  d r i l l  
Longyear designed ( f i g .  3 ) ;  feed length  i s  only 6 f e e t  compared wi th  t he  
11-foot  l eng th  o f  t h e  f i r s t  d r i l l .  The d r i l l  i s  equipped wi th  a hydrau l i c  
chuck and gages t o  monitor b i t  t h r u s t ,  to rque ,  and r o t a t i o n a l  speed. 



FIGURE 8. - Longyear Dr i l l  Co. dr i l l .  

Other d r i l l s  t h a t  can be used t o  d r i l l  h o r i z o n t a l  boreholes  a r e  manufac- 
t u red  i n  Europe and marketed i n  t h e  United S t a t e s .  These d r i l l s  a r e  e l e c t r o -  
hydraul ic ,  smal le r  and l i g h t e r  than  t h e  preceding f i v e  d r i l l s ,  and gene ra l ly  
are mounted on posts .  I n  Europe, t hese  d r i l l s  a r e  used t o  d r i l l  methane 
drainage ho le s  i n t o  strata above t h e  mined coalbed. The Victor  Minotaur d r i l l  
( f i g .  9) marketed by Dowty Corp. , Pi t t sbu rgh ,  Pa. , t h e  Boyles Bros. Model HNH 
d r i l l  ( f i g .  10) marketed by Dresser  I n d u s t r i e s ,  Inc. ,  Da l l a s ,  Tex. , and the  
At l a s  Copco Diamec 250 d r i l l  ( f i g .  11) marketed by Chris tensen Diamond 
Products ,  S a l t  Lake C i ty ,  Utah, a r e  s i m i l a r  i n  cons t ruc t ion .  Each has  a d r i l l  
head t h a t  i s  mounted on a feed frame. The feed l eng th  ranges from 2.5 f e e t  
f o r  t h e  Vic tor  d r i l l  t o  5 f e e t  f o r  t h e  At l a s  Copco and t o  7 f e e t  f o r  the  
Boyles '  d r i l l .  The A t l a s  Copco d r i l l  w i l l  probably r e q u i r e  modi f ica t ion  
be fo re  i t  can be used r o u t i n e l y  f o r  d r i l l i n g  i n  coalbeds because t h e  t h r u s t  
and r o t a t i o n  cannot be c o n t r o l l e d  independently; such c o n t r o l  i s  e s s e n t i a l  
f o r  change i n  b i t  i nc l ina t ion .  For e a s e  i n  underground maneuvering, each o f  
t h e s e  d r i l l s  can be f i t t e d  wi th  a x l e s  and wheels. 









Horizonta l  d r i l l i n g  technology has  been developed by t h e  Bureau t o  t he  
po in t  where l eng ths  of 1,000 f e e t  a r e  e a s i l y  a t t a i n e d  (12).  I n  some cases ,  
ho l e s  have been d r i l l e d  t o  2,100 f e e t ,  bu t  wi th  d i f f i c u E y  (4) .  Surveying 
t o  determine b i t  ang le  i s  an  important  p a r t  of h o r i z o n t a l  d rT l l i ng .  Bore- 
ho l e s  should be surveyed a t  l e a s t  every 20 f e e t  t o  determine b i t  i n c l i n a t i o n .  
I f  t h e  b i t  begins  t o  d e v i a t e  from i t s  programmed t r a j e c t o r y ,  b i t  t h r u s t  and 
r o t a t i o n a l  speed must be changed t o  keep t h e  b i t  w i th in  t h e  coalbed. B i t  
i n c l i n a t i o n  can be determined us ing  commercially a v a i l a b l e  pumpdown equipment 
such a s  t h e  s ing l e - sho t  instruments  by Sperry Sun and Eastman Well Surveying 
Co. An in-hole  c a b l e l e s s  surveying u n i t  i s  being developed by Ensco under 
c o n t r a c t  with t he  Bureau. 

DRAINAGE AND CONTROL TECHNOLOGIES 

Drainage of t h e  l a r g e  volumes of methane produced from h o r i z o n t a l  ho l e s  
r e q u i r e s  underground p i p e l i n e s  t o  t r a n s p o r t  methane t o  t h e  sur face .  Under- 
ground methane p i p e l i n e s  f o r  gob gas have been used by t h e  coa l  mining 
indus t ry  i n  Germany s i n c e  1943 (1) .  A f t e r  World War 11, increased  product ion 
due t o  mechanization, and mining-of deeper and g a s s i e r  coalbeds,  n e c e s s i t a t e d  
methane dra inage  throughout European c o a l f i e l d s ,  where i t  now i s  a f u l l y  
i n t e g r a t e d  p a r t  of longwall  mining (3) .  - 

Most underground methane p i p e l i n e s  i n  t h e  United S t a t e s  a r e  experimental  
and use both s t e e l  and p l a s t i c  l i n e s .  Because of t h e  r i s k  of  damage from roof 
f a l l s  and bottom heaving, i t  i s  important  t o  i nc lude  a means of s h u t t i n g  o f f  
t he  flow of  methane from the  dra inage  ho l e  t o  prevent  methane from escaping 
from a damaged o r  f a u l t y  p ipe l ine .  Automatic shu t - in  of each h o r i z o n t a l  ho l e  
i s  accomplished by means of  a spr ing-loaded b a l l  va lve  (normally closed)  t h a t  
i s  he ld  open wi th  55 p s i g  of compressed a i r  ( f i g .  12) suppl ied  by a smal l  
compressor ( 1  cfm, 50 ps ig) .  Compressed a i r  i s  piped t o  t h e  pneumatic va lve  
f o r  each ho le  through b r i t t l e  polyvinyl  c h l o r i d e  (PVC) pipe s t rapped  t o  t h e  
top  of  t h e  p i p e l i n e  a long  i t s  e n t i r e  length  ( f i g .  13) .  Methane sens ing  and 
c o n t r o l  systems, which a r e  commercially a v a i l a b l e ,  ven t  t h e  compressed a i r  
l i n e  and consequently c l o s e  t h e  pneumatic va lves  should abnormal methane con- 
c e n t r a t i o n s  be de tec ted .  The pneumatic va lves  c l o s e  au toma t i ca l l y  when a 
sensor  malfunct ions,  when an e l e c t r i c a l  l i n e  t o  a sensor  i s  c u t  o r  broken, o r  
when the  PVC pipe i s  broken by a roof f a l l .  Requirements f o r  underground 
methane p i p e l i n e s  w i l l  vary depending upon the  type of pipe,  t h e  l o c a t i o n  of 
t h e  p i p e l i n e ,  and the  amount of  methane gas t ranspor ted .  Guidel ines  f o r  
i n s t a l l a t i o n ,  maintenance, and s a f e  ope ra t i on  of  underground p i p e l i n e s  have 
been developed by the  Bureau (16) - and MSHA (15) .  - 





FIGURE 13. - Steel pipeline, 3i4-inch PVC pipe, sensor head. 



EXPERIENCE WITH HORIZONTAL DRILLING 

Since  t he  c h a r a c t e r i s t i c s  of d i f f e r e n t  coalbeds vary ,  t h e  parameters used 
f o r  h o r i z o n t a l  d r i l l i n g  may a l s o  vary. Therefore ,  using h o r i z o n t a l  boreholes ,  
t h e  Bureau i s  conducting f i e l d  demonstrations i n  coopera t ion  wi th  ope ra to r s  of 
mines l oca t ed  i n  a r e a s  no t  p rev ious ly  degas i f  ied.  

Over t he  p a s t 5 y e a r s ,  i n d u s t r y  i n t e r e s t  i n  methane dra inage  has  grown and 
i s  expected t o  a c c e l e r a t e  i n  t h e  next  5  yea r s  with t h e  development of horizon-  
t a l  d r i l l i n g  technology, longhole d r i l l  equipment, methane sens ing .and  c o n t r o l  
systems,  and gu ide l ines  f o r  i n s t a l l i n g ,  main ta in ing ,  and ope ra t i ng  underground 
p ipe l ines .  I n  a d d i t i o n ,  t he  demonstrat ion p r o j e c t s  have shown t h a t  l a r g e  
volumes of methane can be removed from coalbeds with up t o  70 pc t  reduc t ion  of 
methane flows a s  t he  degas i f i ed  zone i s  mined (5 ,  10,  13).  - - -  

Pi t t sbu rgh  Coalbed, Pa. and W. Va. 

Much of the  i n i t i a l  d e g a s i f i c a t i o n  work by t h e  BureauofMines on d e g a s i f i -  
c a t i o n  of coalbeds was done i n t h e  P i t t sbu rgh  coalbed. The most r ecen t  p r o j e c t  
was t he  d r i l l i n g  of four  long,  h o r i z o n t a l  boreholes  i n t o  v i r g i n  coa l  i n B e t h l e -  
hem Mines Corp. ' s  Marianna No. 58 mine. The t o t a l  l eng th  of t h e  ho l e s  d r i l l e d  
was about  5,700 f e e t ;  one h o l e  was 2,500 f e e t  long. A f t e r  500 days,  more than 
100 MMcf of methane had been removed frcxn t h e  coalbed, Prel iminary r e s u l t s  
i n d i c a t e  t h a t  methane emissions from t h e  f ace  a r e a  were reduced by 80 pct. 
Bethlehem Mines Corp. i s  c u r r e n t l y  i n v e s t i g a t i n g  the  p o s s i b i l i t y  of applying 
methane dra inage  t o  o the r  mines us ing  s i m i l a r  techniques.  

Eas t e rn  Associated Coal Corp. i s  experimenting i n  t he  Federa l  No. 2  mine 
with a  tunnel-boring machine t h a t  i s  d r i v i n g  an  e n t r y  6,000 f e e t  i n t o  v i r g i n  
coal .  Although t h e  advance r a t e  of t he  tunne l  has  been slow and consequently 
methane problems have been minimal, h o r i z o n t a l  d ra inage  ho l e s  a r e  being 
d r i l l e d  i n  advance of t h e  machine t o  c o n t r o l  methane flows a t  t he  f a c e  of t h e  
tunnel .  Boreholes a r e  d r i l l e d  t o  about  1 ,000 f e e t  wi th  a  Longyear e l e c t r c -  
h y d r a u l i c  d r i l l  ( f i g ,  8). Longyear designed t h e  d r i l l  f o r  d r i l l i n g  i n  l i m i t e d  
space and,  consequent ly ,  t h e  d r i l l  and power u n i t s  a r e  mounted i n  l i n e  on a 
s i n g l e  frame. The feed l eng th  i s  about  6  f e e t  and t h e  t o t a l  l eng th  of t he  
d r i l l  u n i t  i s  about  12 f e e t ,  D r i l l i n g  i s  conducted on i n t a k e  a i r  only. 

Consol ida t ion  Coal Co. (Consol) has experimented wi th  both r o t a r y  and non- 
r o t a r y  h o r i z o n t a l  d r i l l i n g  techniques.  While t he  Bureau uses  only a  r o t a t i n g  
d r i l l  s t r i n g  ( 4 ) ,  Consol developed a  non ro t a t i ng  d r i l l  s t r i n g  wi th  a  downhole 
d r i l l  motor and  a  patented d e f l e c t i o n  device.  Consol c la ims t h i s  technique 
provides  more p o s i t i v e  c o n t r o l  of borehole  dev ia t i on ,  both v e r t i c a l l y  and 
l a t e r a l l y  and t h a t  i t  appears  t o  be f a s t e r  a l though somewhat more d i f f i c u l t  t o  
opera te .  The company has  designed and developed a  mobile h o r i z o n t a l  d r i l l  r i g  
and a  borehole  survey instrument  (14).  The survey instrument  no t  only measures 
t h e  p i t c h  and r o l l  of t h e  b i t ,  b u t a l s o  t he  azimuth of t h e  borehole  and t h e  
t h i cknes s  of t h e  coalbed ahead of  mining (14).  The d r i l l i n g  system h a s d r i l l e d  
more t han  20,000 f e e t  of h o r i z o n t a l  borehoGs t o  reduce methane f ace  emissions 
i n  advancing sec t ions .  Hor izonta l  boreholes  1,000 f e e t  long a r e  r o u t i n e l y  com- 
p l e t ed  i n  e i g h t  working s h i f t s  inc lud ing  se tup  time. The g r e a t e s t  e f f e c t  of 



boreholes  d r i l l e d  i n  advance of  mining i s  i n  f ace  a r e a s ,  where up t o  68 pc t  
d e c l i n e  i n  methane concent ra t ions  i s  repor ted .  Methane flows i n  t h e  r e t u r n s  
lwere reduced by 50 pc t  (14) .  - 

Lykes Resources,  I nc . ,  i s  planning an  ex t ens ive  methane drainage program 
a t  the  newly opened Emerald mine l oca t ed  i n  Waynesburg, Pa. Underground 
d e g a s i f i c a t i o n  w i l l  be conducted wi th  Acker D r i l l i n g  Co. ' s  "Big John" d r i l l  
( f i g .  6). Methane from the  h o r i z o n t a l  ho les  w i l l  be t r anspo r t ed  t o  t h e  su r f ace  
us ing  a  polyethylene p ipe l ine .  D r i l l i n g  techniques w i l l  be s i m i l a r  t o  those  
developed by t h e  Bureau i n  e a r l i e r  s t ud i e s .  

1 Sunnyside Coalbed, Utah 

Kaiser  S t e e l  Corp. i s  c u r r e n t l y  working wi th  t h e  Bureau of Mines on 
degas i fy ing  a n  a r e a  o f  coa l  a t  i t s  Sunnyside No. 1 mine t h a t  w i l l  no t  be mined 
f o r  2 o r  3 years .  Two h o r i z o n t a l  boreholes  (9) 500 f e e t  long have removed 
60 MMcf of  methane over  a 16-month period. ~ c r e a u  personnel w i l l  begin t h e  
d r i l l i n g  of t h r e e  long h o r i z o n t a l  boreholes  a t  t h e  end of 1979. The methane 
w i l l  be c a r r i e d  through a  p i p e l i n e  t o  t h e  su r f ace  where i t  w i l l  be burned,in 
t h e  mine 's  coa l  c l ean ing  plant .  Kaiser  S t e e l  Corp. i s  planning t o  cont inue 
t h e  d r i l l i n g  program i f  r e s u l t s  a r e  success fu l .  

Becklev Coalbed. W. Va .  

A r ecen t  d r i l l i n g  program was conducted by t h e  Bureau of Mines and t h e  
Maple Mining Co. a t  t h e  Maple Meadow mine i n  t h e  Beckley coalbed i n  southern  
West Vi rg in ia .  E ight  h o l e s ,  w i th  a t o t a l  l eng th  of 4,850 f e e t ,  were r e c e n t l y  
d r i l l e d  from t h e  bottom of  a 24-foot-diameter v e n t i l a t i o n  s h a f t  t h a t  was sunk 
3 yea r s  i n  advance of  mining. Resu l t s  from the  p r o j e c t  a r e  no t  y e t  a v a i l a b l e  
s i n c e  t he  d r i l l i n g  w a s  on ly  r e c e n t l y  completed, a l though methane dra inage  
r a t e s  a r e  low because t h e  s h a f t  bottom i s  l oca t ed  i n  a  s y n c l i n a l  a r e a  t h a t  i s  
d ra in ing  water  from a l a r g e  a r e a  of t h e  coalbed. 

Mary Lee and "Blue Creek1' Coalbeds, Ala. 

J i m  Walter Resources,  Inc.  , is  p re sen t ly  working wi th  t h e  Bureau of  Mines 
on i n v e s t i g a t i n g  longhole  d r i l l i n g  t o  i n t e r c e p t  methane flows i n  t h e  Mary Lee 
and "Blue Creek1' coalbeds.  Severa l  s h o r t  ho l e s  were d r i l l e d  i n  mines No. 3 
and 4 ,  l oca t ed  near  Birmingham, Ala. The coalbed i s  h igh ly  f r a c t u r e d ,  and may 
be  under l o c a l  s t r e s s  r e s u l t i n g  i n  ho l e s  caving immediately a f t e r  d r i l l i n g .  
Attempts a r e  now be ing  made t o  guide long h o r i z o n t a l  boreholes  i n t o  s p e c i f i c  
he igh t s  of t h e  upper o r  lower po r t i on  of t h e  coalbed. A succes s fu l  h o l e ,  
1,000 f e e t  deep, has  r e c e n t l y  been d r i l l e d  i n  t h e  lower po r t i on  of t h e  coalbed 
wi th  a  r e s u l t i n g  i n i t i a l  methane flow o f  200,000 cfd.  I f  f u r t h e r  t e s t s  a r e  
succes s fu l ,  t h e  mine p lans  t o  i n i t i a t e  i t s  own d r i l l i n g  program. The mine 
ope ra to r s  are r eques t i ng  approval  t o  use a  polyethylene p i p e l i n e  t o  t r a n s p o r t  
t h e  methane t o  t h e  v e r t i c a l  d r i l l  ho l e  f o r  subsequent s a l e  o r  u t i l i z a t i o n .  An 
Acker "Big Johnf1 d r i l l  u n i t  w i l l  be  used f o r  t h e  d r i l l i n g  program. 

United S t a t e s  S t e e l  Corp. has  been d r i l l i n g  h o r i z o n t a l  boreholes  t o  i n t e r -  
cep t  methane flows a t  t h e  Oak Grove mine near  Birmingham, Ala. ,  s i n c e  1976. 



F i f t e e n  ho le s  have been d r i l l e d  i n  t h e  Blue Creek coalbed;  t h e  l onges t  ho l e  i s  
1,040 f e e t .  D r i l l i n g  r a t e s  have ranged from 15 t o  115 f e e t  per 5-hour s h i f t .  
The d r i l l  u n i t  used i s  a Joy face- type t h a t  was modified by Acker D r i l l  Co. 
Control  of t he  b i t  path i s  s i m i l a r  t o  t he  method developed by t h e  Bureau of 
Mines. 

The gas dra ined  by t h e  ho l e s  i s  t r anspo r t ed  t o  t h e  su r f ace  through a 
s t e e l  p ipe l ine .  Gas flows have been r epo r t ed  a s  high a s  100,000 c fd  from a 
1,000-foot  hole .  

Pocahontas No. 3 Coalbed. Va. 

Pre l iminary  t e s t s  have been conducted i n  t h e  Pocahontas No. 3 coalbed by 
I s l and  Creek Coal Co. a t  the  V i rg in i a  Pocahontas No. 5 mine t o  determine t h e  
e f f e c t i v e n e s s  of methane dra inage  techniques i n  advance of mining. Hor izonta l  
boreholes  were d r i l l e d  t o  depths  of 500 f e e t  i n t o  v i r g i n  coa l .  A s  mining 
advanced i n t o  t he  degas i f i ed  zone, t e s t s  i n d i c a t e d s u b s t a n t i a l l y l e s s q u a n t i t i e s  
of methane than i n  o t h e r  a r e a s  of the mine. The company has  purchased an 
Acker d r i l l  u n i t  and has  s u c c e s s f u l l y  d r i l l e d  s e v e r a l  h o r i z o n t a l  boreholes  t o  
depths  of over 1,000 f e e t  i n  approximately seven s h i f t s ,  n o t  count ing se tup  
time. The methane produced from t h e  h o r i z o n t a l  boreholes  i s  t r anspo r t ed  t o  
t h e  s u r f a c e  through an  underground p l a s t i c  p i p e l i n e  (17).  - 

Hartshorne Coalbed. Okla. 

S ince  1975 Ker-McGee Corp. has been d r i l l i n g  long h o r i z o n t a l  boreholes  a t  
t h e  Choctaw mine i n  S t i g l e r ,  Okla., t o  d r a i n  methane from t h e  Hartshorne coa l -  
bed. Boreholes have been d r i l l e d  succes s fu l ly  t o  3,000 f e e t  using in-hole  
motors. Approximately 20 h o r i z o n t a l  boreholes  have a l r e a d y  been completed and 
an  a d d i t i o n a l  20 ho l e s  a r e  being planned. Cumulative gas flow r a t e s  as h igh  
a s  2 MMcf per  day have been reported.  

l1Bf1 Seam. Colo. 

Mid-Continent Coal and Coke Corp. i s  removing methane from gob a r e a s  o f  
an  advancing longwall  i n  t h e  Dutch Creek mine loca t ed  a t  Carbondale, Colo. ,  
by d r i l l i n g  ho l e s  i n t o  ove r ly ing  s t r a t a  (11).  The 2-inch-diameter boreholes  
a r e  d r i l l e d  t o  150 f e e t  on 50-foot  c e n t e r r  An EDECO minihydrac d r i l l  i s  
used t o  d r i l l  the  ho l e s  a t  an  i n c l i n a t i o n  of 60". The gas i s  t r anspo r t ed  t o  
t h e  s u r f a c e  through a 6 ,000-foot  p ipe l ine .  Vacuum i s  app l i ed  t o  t he  boreholes  
by Nash vacuum pumps t h a t  a r e  l oca t ed  on the  sur face .  This method of  methane 
dra inage  i s  pa t t e rned  a f t e r  methods used i n  Great  B r i t a i n  and Europe where 
advancing longwall  mining i s  common. 

SUMMARY 

The Bureau of Mines has  shown through f i e l d  demonstrat ions t h a t  horizon-  
t a l  boreholes  d r i l l e d  i n t o  t h e  coalbed a r e  an  e f f e c t i v e  method of i n t e r c e p t i n g  
methane flows. As a r e s u l t  of r e sea rch  and development e f f o r t s  by t h e  Bureau 
and i n d u s t r y ,  equipment f o r  d r i l l i n g  from underground l o c a t i o n s  i s  now a v a i l -  
a b l e  from commercial sources .  D r i l l i n g  long h o r i z o n t a l  boreholes  can now be 



accomplished in most coalbeds. The equipment needed to safely transport the 
methane to the surface is also commercially available. Publications by the 
Bureau are cited that discuss how to drill horizontally in coalbeds and how 
to safely handle the methane. 

As deeper coalbeds are mined, the need for advance methane drainage will 
become a necessity instead of an option. Proper planning in the early stages, 
long before the mine is opened, will result not only in a safer work environ- 
ment, but in a potentially more profitable operation by reducing ventilation 
costs and increasing production. 
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APPENDIX. --DRILL UNITS 

1. Acker D r i l l  

Acker D r i l l  Co., Inc.  
Box 830 
Scranton,  Pa. 18501 

2. Atlas Copco D r i l l  

Chr i s tensen  Diamond Products  
P.O. Box 41136 
2215 D i s t r i b u t o r ' s  D r .  
Park F l e t che r  
Ind i anapo l i s ,  Ind. 46241 

3. Dresser  D r i l l  

Dresser  I n d u s t r i e s ,  Inc.  
P. 0. Box 1879 
Columbus, Ohio 43216 

4. Longyear D r i l l  

Longyear Co. 
925 Delaware S t . ,  S.E. 
Minneapolis,  Minn. 55414 

5. F l e t c h e r  D r i l l  

J. H. F l e t che r  and Co. 
P.O. Box 2143 
Huntington, W. Va. 25722 

6. Lambert D r i l l  

Sprague and Henwood, Inc.  
221 West Olive St .  
Scranton,  Pa. 18501 

7. Vic tor  D r i l l  

Dowty Corp. 
Progress  St .  
Cranberry I n d u s t r i a l  Park 
Ze l ienople ,  Pa. 16063 
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