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DIRECTIONAL DRILLING FOR COALBED DEGASlFlCATlON 

Program Goals anti Progress i n  1978 

by 

D a v i d  C. Oy le r ,  1 W i l l i a m  P. D i a m ~ n d , ~  a n d  P a u l  W. J e r a n 3  

The Bureau  o f  Mines i s  c o o p e r a t i n g  w i t h  t h e  U.S. Depa r tmen t  o f  Energy  i n  
a  d i r e c t i o n a l  d e g a s i f i c a t i o n  p r o j e c t  a t  t h e  Emerald mine n e a r  Waynesburg ,  Pa. 
T h i s  p r o j e c t  i s  d e s i g n e d  t o  combine t h e  h i g h l y  s u c c e s s f u l  unde rg round  h o r i z o n -  
t a l  d e g a s i f i c a t i o n  t e c h n o l o g y  w i t h  s u r f a c e  d r i l l i n g  methods .  The o b j e c t i v e  o f  
t h i s  p rogram i s  t o  d e m o n s t r a t e  t h a t  d i r e c t i o n a l  d r i l l i n g  c a n  b e  u s e d  a s  a 
t e c h n i q u e  f o r  d e g a s i f y i n g  c o a l b e d s  a h e a d  o f  m i n i n g  t o  r e d u c e  t h e  h a z a r d s  o f  
m e t h a n e - a i r  e x p l o s i o n s  i n  c o a l  m i n e s .  

The d i r e c t i o n a l  h o l e  a t  t h e  Emera ld  mine i s  d e s i g n e d  t o  s t a r t  v e r t i c a l l y  
and  e n t e r  t h e  P i t t s b u r g h  c o a l b e d  h o r i z o n t a l l y .  A 3 - i n c h - p i l o t  h o l e  e n t e r e d  
t h e  P i t t s b u r g h  coalbecl  a t  a  v e r t i c a l  d e p t h  o f  999 f e e t ,  The h o l e  w i l l  b e  
reamed t o  8 - 3 / 4  i n c h e s  i n  d i a m e t e r ,  and  5 - 1 / 2 - i n c h  c a s i n g  w i l l  be  cemented  i n  
p l a c e .  Th ree  i n d i v i d u a l  3 - i n c h - d i a m e t e r ,  3 , 0 0 0 - f o o t  h o r i z o n t a l  g a s  c o l l e c t i o n  
h o l e s  w i l l  b e  d r i l l e d  i n t o  t h e  c o a l b e d  i n  a  " b i r d  f o o t f f  p a t t e r n .  

A  c o r e h o l e  and  v e r t i c a l  d e w a t e r i n g  h o l e  h a v e  been  comple t ed  a t  t h e  a n t i c i -  
p a t e d  c o a l b e d  i n t e r c e p t .  The d e w a t e r i n g  h o l e  was d r i l l e d  t o 1 3 0  f e e t  be low t h e  
P i t t s b u r g h  c o a l b e d ,  a  d e p t h  o f  900 f e e t ,  and 880 f e e t  o f  7-inch-OD c a s i n g  was 
cemented  i n  p l a c e .  Seven  v e r t i c a l  h o l e s  f o r  m o n i t o r i n g  t h e  e x t e n t  and  p r o g r e s s  
o f  d e g a s i f i c a t i o n  h a v e  b e e n  d r i l l e d  w i t h i n  t h e  h o r i z o n t a l  d r i l l i n g  a r e a .  

BACKGROUND AND INTRODUCTION 

S i n c e  1964 t h e  Bureau  o f  Mines h a s  corlducted a n  expanded  program o f  
r e s e a r c h  i n  c o a l b e d  d e g a s i f i c a t i o n .  T h i s  program h a s  e v o l v e d  t o  i n c l u d e  
d e g a s i f i c a t i o n  t h r o u g h  t h e  u s e  o f  h o r i z o n t a l  h o l e s  d r i l l e d  unde rg round  e i - t h e r  
i n  mines  o r  f rom s h a f t  bo t t oms  (2-&)L and s u r f a c e  v e r t i c a l  b o r e h o l e s  u s i n g  
m o d i f i e d  o i l f i e l d  t e c h n o l o g y  ( 7 - 8 ,  - - 1 0 ) .  H o r i z o n t a l  h o l e s  w e r e  found  t o  h a v e  

~ e n e r a l  e n g i n e e r .  
2 S u p e r v i s o r y  g e o l o g i s t .  

~ e o l o ~ i s  t . 
A l l  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  Mining  and  S a f e t y  R e s e a r c l ~  C e n t e r ,  Bureau 

o f  Mines ,  P i t t s b u r g h ,  Pa .  
' u 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 e m s  i n  t h e  l i s t  o f  r e f e r e n c e s  

p r e c e d i n g  t h e  a p p e n d i x .  
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g e s  of  r e l a t i v e l y  low d r i l l i n g  c o s t s  and t h e  a b i l i t y  t o  i n t e r s e c t  
c l e a t  o r  f r a c t u r e  s y s t e m ,  t h u s  i n c r e a s i n g  p e r m e a b i l i t y  t o  g a s  f low.  

i s  d r i l l i n g  r e q u i r e d  underground a c c e s s  and f a c i l i t i e s ,  which o f t e n  
i n t e r f e r e d  w i t h  t h e  mining c y c l e .  The r e q u i r e m e n t  o f  a c c e s s  t o  t h e  c o a l  o f t e n  
l i m i t e d  t h e  v a l u e  o f  t h e  d e g a s i f i c a t i o n  h o l e s  due t o  t h e  l i m i t e d  t ime  a n d / o r  
d i s t a n c e  t h e y  c o u l d  be  d r i l l e d  ahead o f  mining.  H y d r a u l i c a l l y  s t i m u l a t e d  
v e r t i c a l  h o l e s  e l i m i n a t e d  t h e  l a t t e r  p rob lems ,  b u t  had t h e  d i s a d v a n t a g e s  of  
r e q u i r i n g  l a r g e  numbers of  s u r f a c e  s i t e s ,  h i g h e r  c o s t s ,  and p r o d u c t i o n  and 
ma in tenance  problems.  

The c o n c e p t  o f  d i r e c t i o n a l l y  d r i l l e d  d e g a s i f i c a t i o n  h o l e s  was o r i g i n a l l y  
c o n s i d e r e d  by t h e  Bureau o f  Mines a s  a  means of  combining t h e  b e s t  e l e m e n t s  of  
t h e  s u r f a c e  v e r t i c a l  b o r e h o l e  and underground h o r i z o n t a l  d r i l l i n g  t e c h n i q u e s ,  
The Bureau o f  Mines d r i l l e d  a  3 - i n c h - d i a m e t e r  d i r e c t i o n a l  h o l e  i n  1973 on t h e  
p r o p e r t y  of  C o n s o l i d a t i o n  Coal  Co . ' s  B l a c k s v i l l e  No. 2 mine n e a r  J o l l y t o w n ,  
Pa . ,  a s  a  m o d i f i c a t i o n  t o  a  v e r t i c a l  h o l e  d r i l l i n g  program. The p r o j e c t  
showed t h a t  a  c i r c u l a r  a r c  d i r e c t i o n a l  h o l e  c o u l d  be  d r i l l e d  t o  r e a c h  a  c o a l -  
bed and t h a t  a  h o l e  c o u l d  be s u c c e s s f u l l y  d r i l l e d  h o r i z o n t a l l y  i n  c o a l  up t o  
450 f e e t .  Mechan ica l  d i f f i c u l t i e s  and l a t e r  a  l a c k  o f  s i t e  a c c e s s  when a  dam 
was b u i l t  n e a r  t h e  h o l e  made f u r t h e r  i n v e s t i g a t i o n  o f  t h e  g a s  d r a i n a g e  capac -  
i t y  o f  t h e  h o l e  i m p o s s i b l e  u n t i l  mid-1976. 

A second p r o j e c t  was begun i n  1974 w i t h  t h e  g o a l s  o f  d r i l l i n g  long  h o l e s  
i n  t h e  c o a l b e d ,  d r a i n i n g  l a r g e  q u a n t i t i e s  o f  g a s ,  and d e t e r m i n i n g  t h e  economic 
f e a s i b i l i t y  o f  t h e  t e c h n i q u e  on  a  p r o d u c t i o n  b a s i s .  Using t h e  J o l l y t o w n  
p r o j e c t  a s  a  model ,  a  d r i l l i n g  p l a n  was drawn u p ,  and d r i l l i n g  equipment p u r -  
c h a s e d ,  Th i s  equipment  i n c l u d e d  a  s p e c i a l l y  d e s i g n e d  d r i l l  r i g ,  BQ w i r e l i n e  
d r i l l  r o d ,  d r i l l  p i p e ,  and a  mud pump. A p i l o t  h o l e  was d r i l l e d  n e a r  Mathe r ,  
Pa . ,  i n  l a t e  1975 ( 1 ) .  The p r o j e c t  f a i l e d  t o  a c h i e v e  i t s  g o a l s  because  o f  a n  
i n s u f f i c i e n t  c o a l  t f ; ickness  t o  m a i n t a i n  t h e  h o r i z o n t a l  d r i l l i n g  t e c h n i q u e ,  b u t  
a  g r e a t  d e a l  of  u s e f u l  e x p e r i e n c e  was ga ined .  A r e v i e w  o f  t h e  Bureau of  Mines 
p a s t  d i r e c t i o n a l  d r i l l i n g  e x p e r i e n c e  i s  summarized i n  t h e  append ix .  

A t h i r d  d i r e c t i o n a l  d r i l l i n g  p r o j e c t  i s  now i n  p r o g r e s s  on  t h e  p r o p e r t y  
o f  t h e  Emerald Mines Corp. n e a r  Waynesburg, Pa ,  Th i s  p r o j e c t  i s  funded by t h e  
U.S. Department o f  Energy w i t h  t h e  Bureau o f  Mines p r o v i d i n g  r e s e a r c h  p l a n n i n g  
and t e c h n i c a l  management. The purpose  o f  t h i s  p a p e r  i s  t o  o u t l i n e  t h e  d r i l l -  
i n g  program and r e p o r t  on  t h e  p r e l i m i n a r y  accompl ishments .  
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PROGRAM OBJECTIVES 

The major  o b j e c t i v e  of  t h i s  program i s  t o  d e m o n s t r a t e  t h a t  d i r e c t i o n a l  
d r i l l i n g  c a n  be  used  a s  a  t e c h n i q u e  f o r  d e g a s i f y i n g  c o a l b e d s  ahead  o f  mining 
t o  r e d u c e  t h e  h a z a r d s  o f  m e t h a n e - a i r  e x p l o s i o n s  i n  c o a l  mines .  S p e c i f i c  
o b j e c t i v e s  o f  t h e  p r o j e c t  a r e  t o  improve t h e  t e c h n i q u e s  (and h e n c e ,  lower  t h e  
c o s t )  o f  d i r e c t i o n a l  d r i l l i n g  f o r  c o a l b e d  d e g a s i f i c a t i o n ,  and t o  d e t e r m i n e  t h e  



a c t u a l  l i m i t  o f  h o r i z o n t a l  d r i l l i n g  u s i n g  t h e  s y s t e m  d e s c r i b e d  h e r e .  Coalbed 
r e s e r v o i r  d a t a  w i l l  be  c o l l e c t e d  from s e v e n  v e r t i c a l  m o n i t o r i n g  h o l e s  w i t h i n  
t h e  p r o j e c t  a r e a  f o r  r e s e r v o i r  model ing .  The m o n i t o r i n g  d a t a  w i l l  p r o v i d e  
i n f o r m a t i o n  on t h e  p r o g r e s s  and e x t e n t  o f  d e g a s i f i c a t i o n  w i t h  t i m e ,  and w i l l  
a l l o w  t h e  a n a l y s i s  o f  t h e  e f f e c t i v e n e s s  o f  v a r i o u s  e x p e r i m e n t a l  p r o c e d u r e s  
t o  b e  performed on t h e  d e g a s i f i c a t i o n  sys t em.  

SELECTION OF SITES FOR DIRECTIONAL COALBED DEGASIFICATION SYSTEMS 

A number o f  f a c t o r s  must  be c o n s i d e r e d  i n  s e l e c t i n g  s i t e s  f o r  d i r e c t i o n a l  
d r i l l i n g  f o r  c o a l b e d  d e g a s i f i c a t i o n  i n  advance  o f  min ing .  The coa lbed  s h o u l d  
c o n t a i n  s u f f i c i e n t  q u a n t i t i e s  of  g a s  t o  r e q u i r e  d e g a s i f i c a t i o n  and be  deep  
enough t o  a l l o w  a  w e l l  p a t h  t o  r e a c h  t h e  h o r i z o n t a l  w i t h  a  r e a s o n a b l e  a n g l e  
b u i l d  r a t e  ( i n  t h e  r a n g e  o f  3" t o  6" p e r  100 f e e t  d r i l l e d  o r  a  minimum 800 t o  
900 f e e t o f  c o v e r ) .  I n  g e n e r a l ,  a  p a r t i c u l a r  c o a l b e d  c o n t a i n s  more gas  a t  
g r e a t e r  d e p t h s ;  t h e r e f o r e ,  d e p t h  o f  t h e  coa lbed  i s  a  c r i t e r i o n  common t o  b o t h  
p r e r e q u i s i t e s .  It i s  a l s o  e s s e n t i a l  t o  have  enough l e a d  t ime  t o  p e r m i t  e f f e c -  
t i v e  d e g a s i f i c a t i o n  b e f o r e  s t a r t i n g  min ing  o p e r a t i o n s .  

Geo log ic  f a c t o r s  a l s o  must  be c o n s i d e r e d .  The c o a l  s h o u l d  be c o n t i n u o u s  
o v e r  t h e  d r i l l i n g  a r e a  and be f r e e  o f  f a u l t s ,  r o l l s ,  and wan t s  s o  t h a t  h o r i z o n -  
t a l  h o l e s  may be more e a s i l y  k e p t  i n  t h e  c o a l b e d .  It would a l s o  be d e s i r a b l e  
f o r  t h e  h o r i z o n t a l  h o l e s  t o  be  d r i l l e d  p e r p e n d i c u l a r  t o  t h e  f a c e  c l e a t  t o  
maximize g a s  p r o d u c t i o n  (2).  However, s i n c e  m u l t i p l e  h o r i z o n t a l  h o l e s  a r e  t o  
b e  d r i l l e d  a t  t h e  bot tom o f  a  s i n g l e  d i r e c t i o n a l  h o l e ,  i t  would be  i m p r a c t i c a l  
o r  i m p o s s i b l e  t o  d r i l l  a l l  h o l e s  p e r p e n d i c u l a r  t o  t h e  f a c e  c l e a t .  

Dewater ing  o f  a  coa lbed  i s  e s s e n t i a l  f o r  e f f i c i e n t  and e f f e c t i v e  d e g a s i -  
f i c a t i o n .  A v e r t i c a l  d e w a t e r i n g  h o l e  i s  p r e s e n t l y  c o n s i d e r e d  t h e  b e s t  method 
t o  accompl i sh  t h i s  t a s k  i n  a  d i r e c t i o n a l l y  d r i l l e d  d e g a s i f i c a t i o n  sys tem.  The 
recommended l o c a t i o n  f o r  a  d e w a t e r i n g  h o l e  i s  j u s t  beyond t h e  c o a l  i n t e r c e p t  
p o i n t  o f  t h e  d i r e c t i o n a l  h o l e .  F o r  a  c i r c u l a r  a r c  d i r e c t i o n a l  h o l e ,  t h i s  
p o i n t  i s  a b o u t  t h e  same d i s t a n c e  from t h e  s u r f a c e  l o c a t i o n  o f  t h e  d i r e c t i o n a l  
h o l e  a s  t h e  v e r t i c a l  d i s t a n c e  t o  t h e  c o a l b e d .  F o r  example,  i f  t h e  v e r t i c a l  
d i s t a n c e  t o  t h e  c o a l  i s  1 ,000 f e e t ,  t h e  c o a l  i n t e r c e p t  and t h e  d e w a t e r i n g  h o l e  
s h o u l d  be  a p p r o x i m a t e l y  1 , 0 0 0  f e e t  away, S e l e c t i o n  o f  s i t e s  f o r  t h e  two h o l e s  
must  be  p lanned a s  a  u n i t  s i n c e  t h e  s e l e c t i o n  o f  one  s i t e  w i l l  g r e a t l y  con- 
s t r a i n  s e l e c t i o n  o f  t h e  o t h e r .  

DRILLING PROGRAM 

D i r e c t i o n a l  Hole 

The g e n e r a l  d r i l l i n g  p l a n  was t o  d r i l l  a  3 - inch-d iamete r  p i l o t  h o l e  on  a  
c i r c u l a r  a r c  s t a r t i n g  v e r t i c a l  a t  t h e  s u r f a c e  and i n t e r c e p t i n g  t h e  P i t t s b u r g h  
c o a l b e d  h o r i z o n t a l l y  a t  a  v e r t i c a l  d e p t h  o f  999 f e e t  (EM-19, f i g .  1 ) .  The 
h o l e  w i l l  be reamed t o  a  d i a m e t e r  o f  8-314 i n c h e s  a f t e r  t h e  coa lbed  h a s  been  
i n t e r c e p t e d  on a n  a c c e p t a b l e  d r i l l  p a t h ,  Befo re  s t a r t i n g  t h e  h o r i z o n t a l  
p o r t i o n  o f  t h e  d r i l l i n g ,  5-112-inch-OD c a s i n g  w i l l  be  cemented i n  t h e  d i r e c -  
t i o n a l  h o l e .  Three  h o r i z o n t a l  h o l e s  ( f i g ,  2 )  f o r  gas  d r a i n a g e  w i l l  t h e n  be 
d r i l l e d  i n  t h e  c o a l b e d ,  e a c h  t o  a  p lanned h o r i z o n t a l  e x t e n t  o f  3 ,000  f e e t .  
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FIGURE 1 .  - Section view of  proposed slant-hole well  path with geologic column. 
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FIGURE 2. - Plan view of d r i l l  s i tes and proposed slant- and horizontal-hole wel l  paths. 

The p i l o t  h o l e  was d r i l l e d  u s i n g  a 2-3/8-inch-diameter ~~na- rill" 
( f i g .  3 )  and a 3- inch-diameter  C h r i s t e n s e n  d r i l l  b i t  c o n s t r u c t e d  of whole 
s t o n e  d r i l l  b o r t z  (diamonds) and General  E l e c t r i c  S t r a t a  Paxs. The d r i l l  
p i p e  was BQ w i r e l i n e  d r i l l  rod.  The h o l e  was s t a r t e d  v e r t i c a l l y  f o r  
approximately  50 f e e t  b e f o r e  beg inn ing  a n  a n g l e  b u i l d  up of approximately  
6.0" p e r  100 f e e t  o f  d r i l l e d  dep th .  

Cont ro l  o f  t h e  p i l o t  h o l e  was accomplished by t h e  u s e  o f  45- and 
30-minute b e n t  hous ings  (wi th  o r  w i t h o u t  s t a n d o f f  r i n g s )  on t h e  Dyna-Dril l  
( f i g .  3 ) .  Azimuth was c o n t r o l l e d  by r o t a t i o n  of t h e  t o o l  f a c e .  D r i l l i n g  

5 ~ e f e r e n c e  t o  s p e c i f i c  equipment,  t r a d e  names, o r  manufac tu re r s  does  n o t  imply 
endorsement by t h e  Bureau o f  Mines. 



- Nonmagnetic 

drill rod 

p a r a m e t e r s ,  i n c l u d i n g  pump p r e s s u r e ,  mud 
volume pumped, p e n e t r a t i o n  r a t e s ,  and 
pul ldown p r e s s u r e ,  a r e  r e c o r d e d  u s i n g  a  
geo lograph .  These d a t a  w i l l  be  used  t o  
d e t e r m i n e  t h e  optimum d r i l l i n g  param- 
e t e r s  f o r  maximum p e n e t r a t i o n  r a t e  w i t h  
a c c e p t a b l e  d i r e c t i o n a l  c o n t r o l .  

D i r e c t i o n a l  s u r v e y i n g  of  t h e  p i l o t  - Muleshoe subassembly 
h o l e  and Dyna-Dr i l l  o r i e n t i n g  was p e r -  
formed u s i n g  m a g n e t i c  s i n g l e s h o t  e q u i p -  
ment and a  muleshoe  o r i e n t i n g  s u b .  A 
nonmagnetic s t a i n l e s s  s t e e 1  Dyna-Dr i l l  
and 80 f e e t  o f  s t a i n l e s s  s t e e l  d r i l l  rod  
were  used  t o  minimize  t h e  e f f e c t s  of  t h e  
d r i l l  s t r i n g  on az imuth  r e a d i n g s .  Sur -  
v e y i n g  was done a t  e i t h e r  10- o r  2 0 - f o o t  

7 Motor assembly 

Bent-housing and 
connecting-rod assembly I t- 

i n t e r v a l s  (each j o i n t  o r  e v e r y  o t h e r  
j o i n t ) ,  and c a l c u l a t i o n s  were  made u s i n g  
a n g l e  a v e r a g i n g  and r a d i u s - o f - c u r v a t u r e  
methods.  F r e q u e n t  w e l l  p r o j e c t i o n s  were  
made t o  d e t e r m i n e  whe the r  t h e  h o l e  was 
t o o  f a r  o f f  c o u r s e .  Once t h e  h o l e  was 
n e a r  t h e  c o a l b e d ,  a n  e f f o r t  was made f o  
g u i d e  i t s  p a t h  toward t h e  v e r t i c a l  
d e w a t e r i n g  h o l e .  

The mud sys t em used was a  low 
s o l i d s ,  polymer mud. Two t y p e s  of  
polymer were  u s e d ,  one t o  p r e v e n t  f l u i d  
l o s s  and t h e  o t h e r  t o  p r o v i d e  g e l  
s t r e n g t h  and a i d  i n  removal  o f  d r i l l  c u t -  
t i n g s .  T h i s  s y s t e m ,  used  t h r o u g h o u t  a l l  
d r i l l i n g  on  t h e  Mather h o l e ,  k e p t  t h e  
h o l e  open w i t h o u t  problems f o r  4  months,  

n The d i r e c t i o n a l  h o l e  w i l l  be reamed -- t o  8 - 3 / 4  i n c h e s  by r u n n i n g  t h e  BQ d r i l l  
Bearing and drive rod  i n  t h e  comple ted  p i l o t  h o l e  and 

shaft assembly d r i l l i n g  o v e r  i t  w i t h  a  reaming b i t .  
Th i s  p r o c e d u r e  w i l l  i n s u r e  t h a t  t h e  ream- 

Rotating-bit subassembly i n g  b i t  does  n o t  l e a v e  t h e  p i l o t  h o l e  
d r i l l  p a t h .  

Diamond plug bit 
Immedia te ly  a f t e r  t h e  reaming i s  

FIGURE 3. - Dyna-Dr i l l  tool  assembly.  comple ted ,  a  s t r i n g  o f  5-112-inch-OD 
K-55 c a s i n g ,  4.95- t o  4 .8 - inch  I D ,  w i l l  

be  run  and cemented i n  t h e  h o l e  from bot tom t o  s u r f a c e .  I t  i s  p l anned  t h a t  
t h e  bot tom of t h e  c a s i n g  w i l l  ex tend  a p p r o x i m a t e l y  50  f e e t  h o r i z o n t a l l y  i n t o  
t h e  c o a l b e d .  



The e n t i r e  mud s y s t e m ,  i n c l u d i n g  a l l  mud i n  t h e  h o l e ,  w i l l  be  changed 
a f t e r  cement ing ,  and c l e a r  w a t e r  w i l l  be  used  on t h e  h o r i z o n t a l  h o l e s .  Th i s  
w i l l  be  done t o  p r e v e n t  l o s s  of coa lbed  p e r m e a b i l i t y ,  which migh t  t a k e  p l a c e  
i f  a d d i t i v e s  were  used t h a t  cou ld  p l u g  o r  b l o c k  f r a c t u r e  open ings .  

The 2 -3 /8 - inch  Dyna-Dr i l l  and BQ d r i l l  rod  w i l l  be used  t o  d r i l l  t h e  
3 - inch-d iamete r  h o r i z o n t a l  h o l e s  i n  t h e  c o a l b e d .  A f t e r  t h e  f i r s t  h o l e  (H-1) 
i s  d r i l l e d  t o  t h e  maximum l e n g t h  c o n s i d e r e d  e i t h e r  economica l ly  o r  p h y s i c a l l y  
f e a s i b l e ,  h o l e s  H-2 and H - 3  w i l l  be  s i d e t r a c k e d  i n  t h e  d i r e c t i o n s  shown on 
f i g u r e  2.  

The s u r f a c e  f a c i l i t y  of t h e  completed h o l e  w i l l  i n c l u d e  a  we l lhead  f o r  
s e r v i c i n g  t h e  w e l l ,  gas  f l o w  measur ing  equipment ,  w a t e r  s e p a r a t o r ,  f l a r e  s t a c k ,  
f l ame  a r r e s t o r ,  and g a s l i n e  s h u t o f f  v a l v e s .  A l l  o f  t h e  equipment w i l l  be  
i n s t a l l e d  i n  a  p r o t e c t i v e  w e l l h o u s e .  

R e s u l t s  o f  D r i l l i n g  Core and Dewater ing Holes a t  A n t i c i p a t e d  Coalbed I n t e r c e p t  

Befo re  d r i l l i n g  began on t h e  d i r e c t i o n a l  h o l e ,  a  c o r e h o l e  (EM-78-1, 
f i g .  2)  was d r i l l e d  n e a r  t h e  a n t i c i p a t e d  coa lbed  i n t e r c e p t .  The c o r e h o l e  was 
used  t o  c o n f i r m  t h e  p r e s e n c e ,  t h i c k n e s s ,  and e l e v a t i o n  of  t h e  c o a l b e d ,  and t o  
p r o v i d e  s t r a t i g r a p h i c  i n f o r m a t i o n  f o r  c o r r e l a t i o n  t o  t h e  d i r e c t i o n a l  h o l e ,  
Samples o f  t h e  Washington,  Waynesburg, Sewick ley ,  and P i t t s b u r g h  c o a l b e d s  were 
o b t a i n e d  f o r  gas  c o n t e n t  e v a l u a t i o n  by t h e  d i r e c t  method (6 ,  - 9 ) .  A s t r a t i -  
g r a p h i c  column o f  t h i s  c o r e h o l e  i s  shown on f i g u r e  1. 

Exper ience  a t  t h e  J o l l y t o w n  s i t e  i n d i c a t e d  t h a t  c o n v e n t i o n a l  s u c k e r - r o d  
water-pumping equipment w i l l  n o t  f u n c t i o n  p r o p e r l y  i n  a  h o r i z o n t a l  p o s i t i o n .  
The e f f i c i e n t  p r o d u c t i o n  of  g a s  from c o a l b e d s  i s  dependent  upon t h e  d e w a t e r i n g  
o f  t h e  c o a l .  A v e r t i c a l  dewate r  h o l e  (EM-20, f i g .  2)  was d r i l l e d  n e a r  t h e  
a n t i c i p a t e d  i n t e r c e p t  of  t h e  coa lbed  and a d j a c e n t  t o  t h e  c o r e h o l e  (EM-78-1). 
A s c h e m a t i c  of t h i s  h o l e  i s  shown i n  f i g u r e  4 .  The d e w a t e r i n g  h o l e  was 
d r i l l e d  a s  a  " s t r a i g h t "  h o l e ,  b u t  a  m u l t i s h o t  d i r e c t i o n a l  s u r v e y  of  t h e  h o l e  
showed t h a t  t h e  w e l l  p a t h  d e v i a t e d  c o n s i d e r a b l y  ( f i g .  5 ) .  The d e v i a t i o n  
p r o b a b l y  o c c u r r e d  because  t h e  d r i l l  p i p e  was n o t  a d e q u a t e l y  s t a b i l i z e d ,  b u t  
t h e  d e v i a t i o n  i s  n o t  e x p e c t e d  t o  cause  any problems.  

The d e w a t e r i n g  h o l e  was d r i l l e d  17-1 /2  i n c h e s  i n  d i a m e t e r  t o  a dep th  of  
16  f e e t  and 16- inch-d iamete r  c o n d u c t o r  p i p e  was s e t ,  A 14-3/4-Filch-diameter  
h o l e  was t h e n  r o t a r y  d r i l l e d  u s i n g  foam, t o  a  d e p t h  of  215 f e e t  rr'riere 203 f e e t  
o f  10-3/4-inch-OD c a s i n g  was cemented i n  p l a c e ,  This  i n t e r m e d i a t e  c a s i n g  was 
s e t  t o  s e a l  o f f  l o s t  c i r c u l a t i o n  zones  encoun te red  i n  t h e  c o r e h o l e  a t  t h e  same 
s i t e .  The c a s i n g  was cemented u s i n g  t h i x i o t r o p i c  cement t o  p r e v e n t  l o s i n g  a  
l a r g e  volume of  cement t o  t h e  l o s t  c i r c u l a t i o n  zones ,  A 25 -pe rcen t  o v e r r u n  
was s p e c i f i e d  on t h e  cement volume t o  i n s u r e  s e a l i n g  o f f  t h e  l o s t  c i r c u l a t i o n  
zones and t o  p r o v i d e  an  a d e q u a t e  bond on t h e  c a s i n g .  There was o n l y  minimal 
c i r c u l a t i o n  of  cement t o  t h e  s u r f a c e ,  i n d i c a t i n g  t h a t  t h e  l o s t  c i r c u l a t i o n  
zones  had t aken  cement. The cement job  proved t o  be s u c c e s s f u l  i n  t h a t  t h e  
l o s t  c i r c u l a t i o n  problems were  e l i m i n a t e d .  F u l l  r e t u r n s  o f  cement were  
o b t a i n e d  when t h e  7 - inch  pr imary c a s i n g  was l a t e r  s e t ,  f u r t h e r  i n d i c a t i n g  a  
s u c c e s s f u l  cementing p rocedure  on t h e  i n t e r m e d i a t e  c a s i n g .  



MONITOR HOLES 
EM- 21 through 27 DEWATERING HOLE 

These holes may also be EM - 20 
completed using tubing 

17-112- in-diam surface 
rods and a plunger pump hole 17 f t  deep with 

16-in-diam conductor 
pipe to o 16-ft depth 
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Float shoe and plug 

FIGURE 4. - Schematic diagram o f  completed dewater ing ho le  and proposed monitor- - 
ing holes. 

The h o l e  was t h e n  r o t a r y  d r i l l e d  t o  approx imate ly  135 f e e t  below t h e  
P i t t s b u r g h  coalbed u s i n g  one 9-518-inch-diameter b i t  and one 9-112-inch- 
d i a m e t e r  b i t .  Before  s e t t i n g  t h e  f i n a l  s t r i n g  o f  c a s i n g ,  a  s u i t e  of geophys- 
i c a l  l o g s  ( i n c l u d i n g  d e n s i t y ,  n e u t r o n ,  and garmna r a y )  were r u n  t o  de te rmine  
t h e  e x a c t  measured dep th  of t h e  coa lbed .  This was n e c e s s a r y  f o r  t h e  p r o p e r  
p o s i t i o n i n g  of t h e  c a s i n g  c o l l a r s  and c e n t r a l i z e r s  above and below t h e  coalbed.  

A c a l i p e r  l o g  was r u n  t o  c a l c u l a t e  t h e  volume of  cement needed t o  s e t  t h e  
c a s i n g  and t o  de te rmine  t h e  w e l l  b o r e  d iamete r  a d j a c e n t  t o  t h e  coalbed.  If 
t h e  h o l e  had been e x c e s s i v e l y  washed o u t  i n  t h e  coa lbed ,  t h e  cementing 



Nor 

FIGURE 5. - Section and plon v iews of actual dewatering 
hole d r i l l  path. 

DEWATERING HOLE 
EM-20 

Surfoce elevation 1,122.03 feet  

Section view Section view 

t e c h n i q u e  f o r  t h e  c a s i n g  
would have  r e q u i r e d  s p e c i a l  
equipment  t o  keep t h e  cement 
o u t  o f  t h e  c o a l b e d  i n t e r v a l .  
Knowing t h e  t h i c k n e s s  o f  
cement between t h e  c a s i n g  
and t h e  c o a l b e d  i s  i m p o r t a n t  
because  t h e  " s l o t t i n g "  t o o l  
t o  be  used  t o  p r o v i d e  com- 
m u n i c a t i o n s  between t h e  c a s -  
i n g  and t h e  f o r m a t i o n  c a n  
o n l y  p e n e t r a t e  a p p r o x i m a t e l y  
12 i n c h e s  o f  c a s i n g  and 
cement.  The c a l i p e r  l o g  
i n d i c a t e d  t h a t  t h e  coa lbed  
was n o t  "washed o u t  ," and 
a  c o n v e n t i o n a l  cement ing  
t e c h n i q u e  was used .  Th ix io -  
t r o p i c  cement was used  t o  
keep  i n f i l t r a t i o n  o f  cement 
i n t o  t h e  c o a l b e d  and t h e  
accompanying l o s s  o f  permea- 
b i l i t y  t o  a minimum. E i g h t  
hundred  and e i g h t y  f e e t  o f  
7-inch-OD, K-55, s h o r t  
t h r e a d  and c o u p l i n g ,  
2 0 - l b / f t  c a s i n g  was used  
w i t h  a  "cement shoe" on t h e  
bottom. Cased h o l e  geophys- 
i c a l  l o g s ,  i n c l u d i n g  a n  
u n c a l i b r a t e d  gamma r a y  and 
c o l l a r  l o g ,  were r u n  t o  con- 
f i r m  t h e  p o s i t i o n  o f  t h e  
c a s i n g  c o l l a r s  and t o r e c h e c k  
t h e  measured d e p t h  o f  t h e  
P i t t s b u r g h  coa lbed .  

t h South West 
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Water l e v e l  and p r e s s u r e -  
m o n i t o r i n g  equipment  w i l l  be  
i n s t a l l e d  on t h e  h o l e  and 
d a t a  c o l l e c t e d  u n t i l  t h e  
d i r e c t i o n a l  h o l e  h a s  e n t e r e d  
t h e  c o a l b e d  and c a s i n g  h a s  
been i n s t a l l e d .  Befo re  s t a r t -  
i n g  t h e  h o r i z o n t a l  d r i l l i n g ,  

East 

100 

200 

t h e  c o a l b e d  i n  t h e  v e r t i c a l  h o l e  w i l l  b e  h y d r a u l i c a l l y  s t i m u l a t e d  through p r e -  
v i o u s l y  c u t  s l o t s .  The s t i m u l a t i o n  p r o c e d u r e  i s  d e s i g n e d  t o  i n s u r e  t h e  e f f i -  
c i e n c y  o f  t h e  d e w a t e r i n g  p r o c e s s  and enhance  t h e  d e g a s i f i c a t i o n  o f  t h e  coa lbed  
by i n c r e a s i n g  t h e  f o r m a t i o n  p e r m e a b i l i t y  (7-8,  - - 1 0 ) .  

- 300 

Scale 

15 30 meters 
--t---J, 
0 50 100 feet 

- 400 
t r 

i 
+ a 
W 
a 

- 500 

- 300 

- 400 
C ). 

I + 
n 
W 
a 

- 500 
Plan view 

N 

600 

- 700 

- 800 

W E 

- 870 

- 700 

,Pittsburgh 
S coal bed 

- 800 



A down-hole p l u n g e r  pump c a p a b l e  o f  p roduc ing  up t o  120 b b l / d a y  w i l l  
i n i t i a l l y  be  i n s t a l l e d  on t h e  d e w a t e r i n g  h o l e .  The pump w i l l  be  r u n  by  a 
7.5-hp motor  u s i n g  t h r e e - p h a s e , 4 4 0 - ~ 0 l t  power. The motor  and pumping u n i t  
a r e  c a p a b l e  o f  pumping o v e r  250 b b l / d a y  w i t h  l a r g e r  down-hole pumps i f  g r e a t e r  
w a t e r  volumes a r e  e n c o u n t e r e d  t h a n  a n t i c i p a t e d .  

Dewater ing  i s  n o t  s c h e d u l e d  t o  b e g i n  u n t i l  t h e  h o r i z o n t a l  d r i l l i n g  p o r -  
t i o n  o f  t h e  p r o j e c t  i s  comple ted .  I f  t h e  c o a l b e d  i s  dewa te red  b e f o r e  h o r i z o n -  
t a l  d r i l l i n g ,  t h e  d r i l l i n g  f l u i d  and c u t t i n g s  c o u l d  r e d u c e  t h e  p e r m e a b i l i t y  
o f  t h e  c o a l b e d .  

S i n c e  t h e  d e w a t e r i n g  h o l e  s h o u l d  behave  a s  a  c o n v e n t i o n a l  v e r t i c a l  d e g a s i -  
f i c a t i o n  w e l l  and produce  g a s  a s  d e w a t e r i n g  p r o c e e d s ,  i t  h a s  been  e n g i n e e r e d  
t o  produce  and m o n i t o r  b o t h  g a s  and w a t e r .  The s u r f a c e  f a c i l i t y  ( f i g .  6 )  w i l l  
a l s o  i n c l u d e  a  f l a r e  s t a c k  w i t h  a  f l ame  a r r e s t o r  t o  s a f e l y  v e n t  gas  and a  
p r o t e c t i v e  e n c l o s u r e  f o r  t h e  w e l l h e a d  equipment .  A 40- by 15- by 4 - f o o t - d e e p  
h o l d i n g  pond w i l l  be  l o c a t e d  n e a r  t h e  h o l e  f o r  d i s p o s a l  and t r e a t m e n t  o f  t h e  
produced w a t e r ,  

V e r t i c a l   oni it or inn Holes  

Seven v e r t i c a l  b o r e h o l e s  have  been d r i l l e d  t o  t h e  P i t t s b u r g h  c o a l b e d  i n  
t h e  a r e a  t o  b e  d e g a s i f i e d  by t h e  d i r e c t i o n a l  h o l e .  These h o l e s  (EM-21 th rough  
EM-27, f i g .  2) w i l l  b e  used  p r i m a r i l y  t o  m o n i t o r  t h e  c o a l b e d  f o r m a t i o n  p r e s -  
s u r e s  by o b s e r v i n g  changes  i n  w a t e r  l e v e l  i n  e a c h  h o l e .  A l ower ing  o f  t h e  

To 
t disposa I 

KEY 
A Pumping unit G Water separator tank 
B Valves H Filter and water meter 
C Tubing head I Gas meter 
D Stuffing box J Meter house 
E Waterline K Flame arrestor and f lare stack 
F Gasline 

FIGURE 6. - Schematic diagram of proposed surface f a c i l i t y  a t  dewater ing hole. 

pit 



w a t e r  column h e i g h t  i n  a  h o l e  w i l l  i n d i c a t e  t h e  l o s s  o f  f o r m a t i o n  p r e s s u r e  
caused by removal of w a t e r  and gas  from t h e  d e w a t e r i n g  and d i r e c t i o n a l  h o l e s .  
I f  t h e  d i r e c t i o n a l  h o l e  i s  su r rounded  by h o l e s  equipped w i t h  con t inuous  r e c o r d -  
i n g  w a t e r  l e v e l  d e v i c e s ,  bo th  t h e  d e g r e e  and a r e a l  e x t e n t  o f  d e g a s i f i c a t i o n  
c a n  b e  moni to red .  The h o l e s  w i l l  a l s o  be  completed f o r  t h e  p r o d u c t i o n  and 
measurement o f  g a s  and w a t e r .  Th i s  w i l l  a l l o w  s h o r t  p e r i o d s  o f  p r o d u c t i o n  s o  
t h a t  f o r m a t i o n  e v a l u a t i o n  t e s t s  can  b e  conducted .  The h o l e s  can  a l s o  b e  used 
f o r  g e n e r a l  coa lbed  d e w a t e r i n g  shou ld  t h e  prime d e w a t e r i n g  h o l e  prove inade-  
q u a t e .  However, t h e s e  h o l e s  shou ld  n o t  be used f o r  p r o d u c t i o n  s i n c e  any 
long- te rm p r o d u c t i o n  from t h e s e  h o l e s  would make i t  d i f f i c u l t  t o  d e t e r m i n e  t h e  
e f f e c t i v e n e s s  of  t h e  d i r e c t i o n a l  h o l e ,  and f l u i d  l e v e l s  canno t  be  used t o  
d e t e r m i n e  f o r m a t i o n  p r e s s u r e s  i n  p roduc ing  h o l e s .  

The m o n i t o r i n g  h o l e s  were  d r i l l e d  u s i n g  c a b l e  t o o l  and r o t a r y  d r i l l  r i g s ,  
A 6-114-inch h o l e  was d r i l l e d  t o  j u s t  above t h e  P i t t s b u r g h  c o a l b e d ,  and a  
s t r i n g  of  4-112-inch c a s i n g  cemented i n  p l a c e  ( f i g .  4 ) .  A c o r i n g  r i g  w i l l  
d r i l l  o u t  t h e  cement p l u g ,  and c o r e s  o f  t h e  P i t t s b u r g h  coa lbed  w i l l  be  t a k e n  

i n  each h o l e  s o  t h a t  t h e  

KEY 
A Casing 
B Recorder 

gas  c o n t e n t  o f  t h e  c o a l  may 
b e  de te rmined .  Approxi-  
m a t e l y  100 f e e t  o f  h o l e  w i l l  
be  d r i l l e d  below t h e  coa lbed  
t o  b e  used a s  a  sump a s  i n  
t h e  main d e w a t e r i n g  h o l e .  

Each h o l e  w i l l  be  
" ' j e t t e d "  u s i n g  t h e  same 
equipment t h a t  i s  t o  be  used 
t o  " s l o t "  t h e  c a s i n g  i n  t h e  
d e w a t e r i n g  h o l e .  This  t e c h -  
n i q u e  performed i n  t h e  open 
h o l e  w i l l  remove t h e  c o a l  
exposed t o  d r i l l i n g  f l u i d s  
h e l p i n g  t o  minimize  l o s s  of  
p e r m e a b i l i t y  and p r e s s u r e  
d r o p s  ( s k i n  damage) caused 
by p lugg ing  o f  t h e  f r a c t u r e  
sys tem ( c l e a t )  n e a r  t h e  w e l l  
b o r e .  Each moni to r  h o l e  
w i l l  be  completed w i t h  s u r -  
f a c e  equipment s i m i l a r  t o  
t h a t  i n  t h e  d e w a t e r i n g  h o l e  
( f i g .  6 ) ;  i n  a d d i t i o n ,  a  
w a t e r - l e v e l - s e n s i n g  d e v i c e  

C Keck water- level-sensing device w i t h  a con t inuous  d a t a  
r e c o r d e r  ( f i g .  7 )  w i l l  be  

D Batteries to power Keck device i n s t a l l e d  on each h o l e .  The 
h o l e s  w i l l  p robab ly  n o t  be  

E Platform and insulated housing s t i m u l a t e d  h y d r a u l i c a l l y  
FIGURE 7. - Schematic diagram of water- leve l -sens ing u n l e s s  they  a r e  e v e n t u a l l y  

dev ice to be ins ta l  led  on monitor ing holes.  used  f o r  s u s t a i n e d  g a s  
a n d / o r  w a t e r  p r o d u c t i o n .  



SUMMARY 

Work was begun i n  September 1978 on a  p r o j e c t  t o  d r i l l  a  d i r e c t i o n a l  
coa lbed  d e g a s i f i c a t i o n  h o l e  a t  Emerald Mine n e a r  Waynesburg, Pa, A 3 - i n c h -  
d i a m e t e r  c i r c u l a r  a r c  p i l o t  h o l e  was d r i l l e d  t o  i n t e r c e p t  t h e  P i t t s b u r g h  
c o a l b e d  h o r i z o n t a l l y  a t  a  v e r t i c a l  d e p t h  o f  999 f e e t .  The h o l e  w i l l  b e  reamed 
t o  8-314 i n c h e s  i n  d i a m e t e r  s o  t h a t  5-112-inch-OD c a s i n g  can  be  cemented i n  
p l a c e .  A v e r t i c a l  d e w a t e r i n g  h o l e  and a  c o r e h o l e  have  been comple ted  a t  t h e  
c o a l b e d  i n t e r c e p t  p o i n t  o f  t h e  d i r e c t i o n a l  h o l e .  Seven v e r t i c a l  m o n i t o r  h o l e s  
have  been  d r i l l e d  and cased  i n  t h e  h o r i z o n t a l  d r i l l i n g  a r e a ,  and t h e  h o l e s  
w i l l  b e  equipped t o  measure c o a l b e d  p r e s s u r e s ,  
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APPENDIX.--JOLLYTOWN AND MATHER SLANT HOLE HISTORIES 

The Bureau of  Mines d r i l l e d  t h e  f i r s t  d i r e c t i o n a l  h o l e  i n t o  a  coa lbed  i n  
1973 on t h e  p r o p e r t y  of  C o n s o l i d a t i o n  Coal Co. ' s  B l a c k v i l l e  No, 2  mine n e a r  
J o l l y t o w n ,  Pa. The 3- inch h o l e  was s t a r t e d  a t  a  20' a n g l e  a t  t h e  s u r f a c e  and 
i n t e r c e p t e d  t h e  P i t t s b u r g h  coa lbed  a t  a  v e r t i c a l  d e p t h  of  776 f e e t .  The 
a c t u a l  d r i l l e d  d i s t a n c e  a l o n g  t h e  c i r c u l a r  a r c  t o  t h e  coa lbed  i n t e r c e p t  was 
approx imate ly  1,310 f e e t .  

The o r i g i n a l  h o l e  was d r i l l e d  u s i n g  a  Joy 22 d r i l l  r i g ,  BQ w i r e l i n e  r o d ,  
and a  1-314-inch Dyna-Dr i l l  t o o l  f o r  d i r e c t i o n a l  c o n t r o l ,  H o r i z o n t a l  d r i l l i n g  
i n  t h e  coa lbed  a t  J o l l y t o w n  reached  414 f e e t .  A t  t h i s  dep th  i t  became imposs i -  
b l e  t o  p u l l  t h e  d r i l l  s t r i n g ,  and a  d e c i s i o n  was made t o  e s t a b l i s h  p r o d u c t i o n  
by " p e r f o r a t i n g "  t h e  414 f e e t  of  p i p e  i n  t h e  c o a l b e d ,  The e f f i c i e n t  produc-  
t i o n  o f  gas  from coa lbeds  i s  dependent  upon s e v e r a l  f a c t o r s  i n c l u d i n g  dewate r -  
i n g  of  t h e  c o a l .  Gas f l o w  r a t e s  a s  h i g h  a s  25 t o  30 Mcfd were r e p o r t e d  
immediate ly  a f t e r  t h e  h o l e  was swabbed t o  remove w a t e r .  A r a p i d  i n f l u x  o f  
f o r m a t i o n  w a t e r  k i l l e d  t h e  gas  f low w i t h i n  15 t o  20 m i n u t e s ,  A down-hole 
s u c k e r - r o d  pump was i n s t a l l e d  a t  a  d e p t h  of  1 ,310 f e e t  f o r  con t inuous  produc-  
t i o n  of  w a t e r .  The w a t e r  f low r a t e  began a t  14 b b l / d a y  and d e c l i n e d  t o  
7  b b l / d a y  a f t e r  s e v e r a l  weeks.  Gas p r o d u c t i o n  d u r i n g  t h i s  t e s t i n g  phase  
ranged from 1,200 t o  3,800 c f d .  

The BQ rod  i n  t h e  J o l l y t o w n  h o l e  was overreamed t o  a  d e p t h  of  a p p r o x i -  
m a t e l y  1 ,000 f e e t ,  and t h e  o l d  p i p e  was removed. A s t r i n g  of 4-112-inch c a s -  
i n g  was t h e n  i n s t a l l e d  t o  a l l o w  t h e  u s e  of l a r g e r  down-hole pumps and p r o v i d e  
a  l e s s  r e s t r i c t e d  gas  f low.  Two a d d i t i o n a l  h o l e s  were  d r i l l e d  i n t o  t h e  c o a l -  
bed from t h e  bottom of  t h e  c a s i n g .  The maximum h o r i z o n t a l  p e n e t r a t i o n  of t h e  
c o a l b e d  by t h e s e  h o l e s  was approx imate ly  400 f e e t  due t o  t h e  low p u l l i n g  
c a p a c i t y  of  t h e  r i g .  S h o r t l y  a f t e r  t h i s  phase  of  d r i l l i n g ,  t h e  c o a l  company 
began c o n s t r u c t i o n  of a  h o l d i n g  pond a d j a c e n t  t o  t h e  d r i l l  s i t e ,  n e c e s s i t a t i n g  
a  shutdown of  r e s e a r c h  a c t i v i t i e s  f o r  approx imate ly  2  y e a r s .  

The Jo l ly town h o l e  was c leaned  o u t  i n  e a r l y  1976,  and a  down-hole s u c k e r  
r o d  pump was i n s t a l l e d  a t  a  d e p t h  of  1 ,410 f e e t .  Water p r o d u c t i o n  was 3-112 
b b l / d a y  i n i t i a l l y ,  d e c l i n i n g  t o  l e s s  t h a n  one-ha l f  b b l l d a y  i n  approx imate ly  
2  months.  The "water" produced was i n  many i n s t a n c e s  a  b l a c k  muddy s l u d g e .  
Gas p r o d u c t i o n  ranged from l e s s  t h a n  1 ,000 c f d  up t o  3,100 c f d .  Var ious  
r e m e d i e s ,  i n c l u d i n g  moving t h e  pump p r o g r e s s i v e l y  up t h e  h o l e  t o  p o s i t i o n  i t  
i n  l e s s  h o r i z o n t a l  a t t i t u d e s ,  f a i l e d  t o  improve t h e  p r o d u c t i o n  o f  w a t e r  and 
g a s .  The h o l e  was abandoned i n  l a t e  1976, 

The J o l l y t o w n  h o l e  proved t h a t  a  d i r e c t i o n a l  w e l l  p a t h  cou ld  be s t a r t e d  
n e a r  v e r t i c a l  a t  t h e  s u r f a c e  and c o n t r o l l e d  t o  i n t e r c e p t  a  s p e c i f i c  s m a l l  
t a r g e t  i n  a  compara t ive ly  s h o r t  v e r t i c a l  d i s t a n c e ,  The e x p e r i e n c e  i n  a t t e m p t -  
i n g  t o  e s t a b l i s h  p r o d u c t i o n  through t h e  s l a n t  h o l e  i n d i c a t e d  t h a t  c o n v e n t i o n a l  
sucker - rod  water-pumping equipment would n o t  f u n c t i o n  p r o p e r l y  i n  a  h o r i z o n t a l  
a t t i t u d e  and t h a t  o t h e r  methods of  dewate r ing  would be needed,  The problem of 
keep ing  t h e  h o l e  and pump f r e e  from p a r t i c u l a t e  m a t t e r  was though t  t o  r e s u l t  
from t h e  c a s i n g  be ing  s e t  t o o  h i g h ,  l e a v i n g  approx imate ly  300 f e e t  of  open 
h o l e  exposed between t h e  bot tom of  t h e  c a s i n g  and t h e  t o p  of t h e  coa lbed .  



I n  t h e  f a l l  of  1975,  t h e  Bureau of Mines began a  second d i r e c t i o n a l  
d r i l l i n g  p r o j e c t  (1 ) .  This  h o l e ,  a t  Mather ,  Pa. ,  was t o  d e g a s i f y  t h e  Upper 
F r e e p o r t  coalbed in  advance o f  mining.  Due t o  t h e  problem of p u l l i n g  p i p e  a t  
t h e  J o l l y t o w n  s i t e ,  a  l a r g e r  d r i l l  r i g  w i t h  g r e a t e r  p u l l i n g  c a p a c i t y  was used ,  
The r i g  was complete ly  h y d r a u l i c  t o  a i d  i n  p r o v i d i n g  a  smooth feed  of  d r i l l  
p i p e  w h i l e  u s i n g  t h e  Dyna-Dri l l .  A newly developed 2-318-inch Dyna-Dri l l  was 
used i n  p l a c e  o f  t h e  1-314-inch t o o l  used a t  J o l l y t o w n .  

The g e n e r a l  d r i l l i n g  p l a n  inc luded  a  3- inch-diameter  p i l o t  h o l e  d r i l l e d  
on a  1 ,500- foo t  w e l l  p a t h  t o  i n t e r s e c t  t h e  coalbed a t  a  v e r t i c a l  dep th  of  
930 f e e t ,  A f t e r  t h e  i n t e r c e p t  of  t h e  c o a l b e d ,  t h e  h o l e  was t o  be reamed t o  
8-314 i n c h e s ,  and 5-112-inch c a s i n g  was t o  be i n s t a l l e d .  Three h o r i z o n t a l  gas  
c o l l e c t i o n  h o l e s  up t o  3,500 f e e t  long were t h e n  t o  be d r i l l e d  i n t o  t h e  
coa lbed .  

The p i l o t  h o l e  was completed t o  t h e  coalbed i n t e r c e p t  p o i n t ,  b u t  n o t  w i t h -  
o u t  many d i f f i c u l t i e s .  Most of  t h e  problems encoun te red  were mechanical  o r  
invo lved  d i r e c t i o n a l  c o n t r o l .  Mechanical  problems i n c l u d e d  r i g ,  Dyna-Dr i l l ,  
and mud pump breakdowns, Problems i n  m a i n t a i n i n g  t h e  p roper  w e l l  p a t h  
r e q u i r e d  t h r e e  p lug backs and r e d r i l l i n g  p r i o r  t o  t h e  f i r s t  i n t e r c e p t  of  t h e  
coa lbed .  

The f i r s t  p e n e t r a t i o n  of  t h e  Upper F r e e p o r t  h o r i z o n  a t  Mather encountered 
o n l y  0.5 f o o t  of  c o a l .  Approximately 1,500 f e e t  o f  e x p l o r a t o r y  h o r i z o n t a l  
d r i l l i n g  a f t e r  t h e  i n i t i a l  coa lbed  i n t e r c e p t  and f i v e  a d d i t i o n a l  p e n e t r a t i o n s  
o f  t h e  coa lbed  h o r i z o n  cou ld  n o t  l o c a t e  s u f f i c ' i e n t  con t inuous  t h i c k n e s s  of  
c o a l  t o  c o n t i n u e  t h e  p r o j e c t .  Seven c o r e h o l e s  i n  t h e  v i c i n i t y  of  t h e  d r i l l  
s i t e  i n d i c a t e d  5.9 t o  8 , 5  f e e t  of  Upper F r e e p o r t  c o a l .  The f i r s t  p e n e t r a t i o n  
of  t h e  coa lbed  was o n l y  750 f e e t  from a  c o r e h o l e  t h a t  i n d i c a t e d  6.75 f e e t  of  
c o a l .  

The Mather p r o j e c t  confirmed t h e  f e a s i b i l i t y  of  d r i l l i n g  a  d i r e c t i o n a l  
h o l e  t o  a  predetermined t a r g e t .  The 2-3/8-inch Dyna-Dri l l  was developed i n t o  
a  u s a b l e  t o o l ,  and c o n s i d e r a b l e  e x p e r i e n c e  was ga ined  i n  d i r e c t i o n a l  c o n t r o l  
o f  t h e  h o l e ,  e s p e c i a l l y  i n  t h e  h o r i z o n t a l  phase o f  t h e  d r i l l i n g .  The p r o j e c t  
a l s o  sugges ted  t h e  need f o r  more complete  g e o l o g i c  e v a l u a t i o n  of  d r i l l  s i t e s ,  
t o  i n c l u d e  t h e  d r i l l i n g  of  a  c o r e h o l e  a t  t h e  proposed i n i t i a l  coalbed i n t e r -  
c e p t .  The c o r e h o l e  would conf i rm t h e  t h i c k n e s s  and e x a c t  e l e v a t i o n  of t h e  
c o a l  f o r  a c c u r a t e  d r i l l  p a t h  p r o j e c t i o n s .  
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