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HORIZONTAL TRAJECTORIES OF ROTARY-DRILLED HOLES 

By Tobias W. ~oodman'  and Joseph cervik2 

ABSTRACT 

T h i s  Bureau of Mines r e p o r t  i n v e s t i g a t e s  t h e  h o r i z o n t a l  t r a j e c t o r y  of 
b o r e h o l e s  d r i l l e d  i n  coa lbeds  u s i n g  t h e  r o t a r y  d r i l l i n g  t echn ique .  T e s t  
h o l e s  d r i l l e d  i n  coa lbeds  showed t h a t  t h e  p a t h  of a  boreho le  i n  t h e  hor-  
i z o n t a l  p l a n e  depends on d r i l l i n g  assembly c o n f i g u r a t i o n ,  d r i l l  b i t  
r o t a t i o n ,  and coa lbed  g e o l o g i c  f e a t u r e s .  An assembly t h a t  c o n t a i n e d  a n  
18- f t  ( 5 . 5 3 )  l o n g  d r i l l  c o l l a r  and two c e n t r a l i z e r s  had t h e  b e s t  h o r i -  
z o n t a l  s t a b i l i t y  ev idenced  by t r a j e c t o r i e s  t h a t  d e v i a t e d  l e s s  t h a n  16  f t  
(4 .9  m )  f rom a  t a r g e t  a t  1 ,000 f t  (305 m). Removal of one of t h e  cen- 
t r a l i z e r s  r e s u l t e d  i n  a  l o s s  of c o n t r o l  of h o l e  t r a j e c t o r y  i n  t h e  h o r i -  
z o n t a l  p lane .  G e n e r a l l y ,  h o l e s  t ended  t o  t u r n  t o  t h e  r i g h t ,  presumably 
because  of r ight -hand r o t a t i o n  of t h e  b i t .  Dev ia t ions  from t h e  o r i g i n a l  
b e a r i n g  l i n e  were a s  much a s  200 f t  (61 m) o r  more a t  a  d e p t h  of 1 ,000  
f t  (305 m). 

- - - - - - 

l ~ i n i n ~  e n g i n e e r .  
2 ~ u p e r v i s o r y  g e o p h y s i c i s t .  
P i t t s b u r g h  Research C e n t e r ,  Bureau of Mines, P i t t s b u r g h ,  PA. 



INTRODUCTION 

The Bureau of Mines e x p e r i m e n t a t i o n  
w i t h  l o n g  h o l e  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  began i n  1970 (1).3 The 
B u r e a u ' s  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  i s  
a n  a d a p t i o n  of t h e  "packed ho le"  method 
u s e d  i n  v e r t i c a l  h o l e  d r i l l i n g  by t h e  
p e t r o l e u m  i n d u s t r y  (2). The p r imary  
o b j e c t i v e  i n  h o r i z o n t a l  d r i l l i n g  i s  t o  
m a i n t a i n  t h e  v e r t i c a l  t r a j e c t o r y  of t h e  
h o l e  w i t h i n  t h e  c o a l b e d  by v a r y i n g  t h e  
d r i l l  r o t a t i o n a l  speed  and t h r u s t  parame- 
t e r s  o r  by modify ing  t h e  d r i l l i n g  assem- 
b l y  t o  p r e v e n t  t h e  b i t  f rom e n t e r i n g  roof  
o r  f l o o r  r o c k ,  which c o u l d  t e r m i n a t e  t h e  
h o l e .  

H o r i z o n t a l  t r a j e c t o r y ,  t h e  c o u r s e  of 
t h e  h o l e  p r o j e c t e d  t o  t h e  h o r i z o n t a l  
p l a n e ,  i s  e s s e n t i a l l y  u n c o n t r o l l a b l e  i n  
h o r i z o n t a l  r o t a r y  d r i l l i n g .  However, t h e  
d e g r e e  of d e f l e c t i o n  f rom a  g i v e n  p a t h  
c a n  be l i m i t e d  somewhat by c h o i c e  of 
d r i l l i n g  assembly.  A comple te  downhole 
d r i l l i n g  assembly ,  c o n s i s t i n g  of a  b i t ,  
c e n t r a l i z e r ,  18-f t ( 5 . 5 3 )  l o n g  d r i l l  
c o l l a r ,  and a  second c e n t r a l i z e r  ( f i g .  1) (e), i s  a  r i g i d  assembly t h a t  can  be 
d e f l e c t e d  o f f  c o u r s e  b u t  does  n o t  d r i l l  
i n  a n  a r c .  Exper i ence  shows t h a t  t h i s  
assembly  i s  v e r t i c a l l y  c o n t r o l l a b l e  i n  
t h e  P i t t s b u r g h  Coalbed by a d j u s t m e n t s  t o  
b i t  r o t a t i o n a l  speed  and t h r u s t .  Because 
of  t h e s e  f a c t o r s ,  t h e  comple te  assembly  

3 ~ n d e  r l i n e d  nurnbe rs in ,  p a r e n t h e s e s  re- 
f e r  t o  i t e m s  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 .  

1O;in centralizer, 

i s  p r e f e r r e d  f o r  u s e  where p o s s i b l e  i n  
d e g a s i f i c a t i o n  d r i l l i n g  programs. Even 
minor m o d i f i c a t i o n s  t o  t h i s  assembly ,  
removal  of a  c e n t r a l i z e r  o r  u s e  of a  
s h o r t e r  c o l l a r ,  c a u s e  i t  t o  t e n d  t o  d r i l l  
i n  a n  a r c .  For  i n s t a n c e ,  removal of  t h e  
back c e n t r a l i z e r ,  though u s e f u l  i n  maneu- 
v e r i n g  t h e  b i t  i n  t h e  v e r t i c a l  p l a n e ,  
c a u s e s  t h e  back end of t h e  d r i l l  c o l l a r  
t o  move o f f  c e n t e r  and cock i n  t h e  h o l e .  
D r i l l  t h r u s t  t e n d s  t o  f o r c e  t h e  unsup- 
p o r t e d  back end of t h e  d r i l l  c o l l a r  
toward a s i d e  of t h e  ho le .  The b i t ,  
t h e n ,  b e g i n s  t o  d e f l e c t  away from t h e  
p lanned  p a t h  i n  t h e  h o r i z o n t a l  p l ane .  
Cont inued d r i l l i n g  w i t h  t h i s  o r  o t h e r  
mod i f i ed  assembly c a u s e s  d e f l e c t i o n  of 
t h e  b i t  away f rom i t s  o r i g i n a l  b e a r i n g  
l i n e .  

Dur ing  d r i l l i n g ,  t h e  h o l e  i s  r o u t i n e l y  
su rveyed  t o  measure b i t  i n c l i n a t i o n  (4 -  - 
5) .  S u b s e q u e n t l y ,  changes  a r e  made i n  - 
b i t  t h r u s t  and r o t a t i o n a l  s p e e d  t o  main- 
t a i n  b i t  t r a j e c t o r y  p a r a l l e l  t o  t h e  bed- 
d i n g  p lane .  The o b j e c t i v e  d u r i n g  d r i l -  
l i n g  i s  t o  m a i n t a i n  v e r t i c a l  c o n t r o l  of 
t h e  b i t  and p r e v e n t  roof  o r  f l o o r  i n t e r -  
c e p t i o n ,  which s lows  d r i l l i n g  and 
i n c r e a s e s  d r i l l i n g  expense .  The p a t h  of 
t h e  b i t  i n  t h e  h o r i z o n t a l  p l a n e  i s  n o t  
measured d u r i n g  d r i l l i n g  because  t h e  h o r -  
i z o n t a l  t r a j e c t o r y  of t h e  h o l e  canno t  be 
c o n t r o l l e d  u s i n g  t h e  r o t a r y  d r i l l i n g  
t echn ique .  I n  many c a s e s  where a  h o l e  i s  
d r i l l e d  t o  d r a i n  methane,  h o r i z o n t a l  
d e v i a t i o n  of t h e  h o l e  by 50  o r  more f e e t  

10- in centralizer, 
7 

4 8 - f t  NP dr i l l  collar, 
1 

I i  Bit, 32 in 

FIGURE 1.-Preferred assembly with l&ft collar. 



i s  n o t  impor tan t .  However, a l l  h o l e s  
s h o u l d  be su rveyed  a f t e r  complet ion t o  
d e t e r m i n e  t h e  h o r i z o n t a l  d e v i a t i o n  from 
t h e  programmed p a t h  and subsequen t ly  
p l o t t e d  on t h e  mine map of t h e  a rea .  The 
e x a c t  l o c a t i o n  of t h e  h o l e  i s  impor tan t  
when t h e  a r e a  i s  b e i n g  mined because ,  a s  
t h e  mining machine i s  approach ing  t h e  
h o l e ,  mining advance r a t e  must be reduced 

u n t i l  a f t e r  t h e  h o l e  is  i n t e r c e p t e d .  I f  
g r e a t e r  accuracy i s  r e q u i r e d ,  t h e  in -ho le  
motor,  which has  been t r i e d  w i t h  s u c c e s s  
i n  coalbed d r i l l i n g  ( 6 ) ,  - i s  suggested.  

The o b j e c t i v e  of t h i s  s t u d y  i s  t o  
review and ana lyze  p a s t  Bureau h o r i z o n t a l  
d r i l l i n g  programs t o  determine t h e  degree  
t o  which t h e  v a r i o u s  d r i l l i n g  assembl ies  
d e v i a t e d  from t h e  programmed bear ing .  

DRILLING PROCEDURES 

The p r e f e r r e d  assembly ( f i g .  1 )  f o r  
d r i l l i n g  h o r i z o n t a l  h o l e s  i n  coa lbeds  
i n c l u d e s  a  b i t ,  c e n t r a l i z e r ,  18-f t 
(5 .5-m) long  189-lb (85.9-kg) d r i l l  c o l -  
l a r ,  and a n o t h e r  c e n t r a l i z e r  fo l lowed  
by f l u s h  j o i n t  BQ rod (2-3/16-in OD,  
1-13/16-in ID) (5.6-cm OD, 4.6-cm ID) i n  
10- f t  (331) l e n g t h s .  B i t  d i a m e t e r s  a r e  
3-1/2 o r  3-5/8 i n  (8.9 o r  9.2 cm) and i n -  
c l u d e  th ree -b lade  d r a g  b i t s  and t r i c o n e  
r o l l e r  b i t s  ( f i g .  2) .  The r o l l e r  b i t s  
a r e  used  mainly t o  d r i l l  t h rough  h a r d  i n -  
c l u s i o n s  o r  s h a l e y  b inders .  The d r a g  b i t  
i s  p r e f e r r e d  i n  coa lbed  d r i l l i n g  because  
t h e  c u t t i n g  b l a d e s  a r e  l o c a t e d  bo th  i n  
f r o n t  and on t h e  s i d e  of t h e  b i t ,  which 
a i d s  i n  making changes i n  v e r t i c a l  a n g l e  
e a s i e r .  The cones on t h e  r o l l e r  b i t  a r e  
o r i e n t e d  ahead of t h e  b i t  and do no t  pro- 
v i d e  a s  much s i d e - c u t t i n g  a c t i o n  a s  t h e  
d r a g  b i t .  Water i s  t h e  r e q u i r e d  d r i l l i n g  
f l u i d  s i n c e  t h e  u s e  of a i r  i s  hazardous  
when mixed w i t h  coa lbed  methane. Water 
r a t e s  of 1 5  ga l /min  (57 L/min) o r  more 
a r e  needed t o  a d e q u a t e l y  l u b r i c a t e  t h e  
p a t h  of t h e  b i t  and f l u s h  t h e  h o l e  c l e a r  
of c u t t i n g s  d u r i n g  d r i l l i n g  (4 ) .  

The purpose  of c e n t r a l i z e r s - i s  t o  keep 
t h e  assembly c e n t e r e d  i n  t h e  d r i l l  hole .  
The c e n t r a l i z e r s  a r e  1 0  i n  (25.4 cm) long  
and  3-7/16 i n  (8.7 cm) OD. D r i l l  c o l l a r s  
a r e  used t o  p rov ide  weight  and r i g i d i t y  
t o  t h e  d r i l l  s t r i n g .  Four teen-  and 18- f t  
(4.3- and 5.531) l o n g  NQ rod d r i l l  c o l -  
l a r s  were used i n  t h i s  s tudy .  NQ rod 
i s  2-11/16-in (6.8-cm) OD,  1-13/16-in 
(4.6-cm) I D  and weighs about  10.5 l b / f t  
( 1 5  kg/m)- 

I n  s t a n d a r d  p r a c t i c e ,  v e r t i c a l  a t t i t u d e  
of  t h e  assembly is  c o n t r o l l e d  by v a r y i n g  
t h e  d r i l l i n g  pa ramete r s  and /o r  removing 
one of t h e  c e n t r a l i z e r s  i f  needed. When 
t h e  v e r t i c a l  a n g l e  i s  l e s s  t h a n  2" 

(0.035 r a d )  o u t  of a l ignment  w i t h  t h e  
proposes  t r a j e c t o r y ,  e x p e r i e n c e  shows 
t h a t  s m a l l  c o r r e c t i o n s  may be o b t a i n e d  by 

0 3 - 
Scale, in 

FIGURE 2.-Drill bits. A,  Three-blade drag bit; B, tricone 
roller bid. 



18 oft NQ dri l l  collar, 

10-in centralizer, 

FIGURE 3.-Modified assembly-up drilling. 

10-in centralizer, 
7 

BQdrill rod, 
1 I 

18-ft NQ drill collar 
2 

FIGURE 4.-Modified assembly-down drilling. 

v a r y i n g  t h e  d r i l l i n g  pa ramete r s  w i t h  no 
a l t e r a t i o n  i n  t h e  c o n f i g u r a t i o n  of t h e  
p r e f e r r e d  assembly.  Higher  t h r u s t  and 
lower  b i t  r o t a t i o n a l  speed t e n d  t o  r a i s e  
t h e  b i t ,  and lower t h r u s t  and h i g h e r  b i t  
r o t a t i o n a l  speed t e n d  t o  lower t h e  b i t .  
When t h e  v e r t i c a l  a n g l e  i s  more t h a n  2 "  
(0.035 r a d )  o u t  of a l ignment  w i t h  t h e  
p roposed  t r a j e c t o r y ,  removal of t h e  back 
c e n t r a l i z e r  cocks t h e  d r i l l  c o l l a r ,  cen- 
t r a l i z e r ,  and b i t  i n  t h e  h o l e  and t u r n s  

t h e  h o l e  upward more r a p i d l y  t h a n  t h e  use  
of d r i l l i n g  pa ramete r s  ( f i g .  3 ) .  By 
removing t h e  f r o n t  c e n t r a l i z e r  ( f i g .  4 )  
i n s t e a d ,  t h e  weight  of t h e  c o l l a r  f a l l s  
d i r e c t l y  on t h e  s i d e - c u t t i n g  b l a d e s  of 
t h e  b i t ,  and t h e  h o l e  t u r n s  downward 
e a s i l y .  These modi f i ed  a s s e m b l i e s  s h o u l d  
be used on ly  f o r  s h o r t  d i s t a n c e s  because  
of t h e  tendency t o  l o s e  c o n t r o l  of t h e  
h o r i z o n t a l  t r a j e c t o r y  of t h e  b i t .  

DATA ANALYSIS 

A d r i l l i n g  s t r a t e g y  i s  developed f o r  i s  used.  Then m o d i f i c a t i o n s  a r e  made t o  
e a c h  s i t e  o r  coalbed.  F i r s t ,  t h e  p r e -  t h i s  assembly a s  needed. I f  t h e  p re -  
f e r r e d  assembly ( f i g .  l ) ,  most r e a d i l y  f e r r e d  assembly can be used ,  d r i l l i n g  
c o n t r o l l a b l e  u s i n g  d r i l l i n g  p a r a m e t e r s ,  p roceeds  by a l t e r i n g  d r i l l i n g  p a r a m e t e r s  



t o  c o r r e c t  t h e  v e r t i c a l  a n g l e  w i t h  occa-  
s i o n a l  removal  of one of t h e  c e n t r a l i z e r s  
when l a r g e r  a d j u s t m e n t s  a r e  a d v i s a b l e .  
I f ,  however, t h e  p r e f e r r e d  assembly  can- 
n o t  c o n t r o l  t h e  v e r t i c a l  a n g l e ,  t h e n  t h e  
back c e n t r a l i z e r  may be removed and a 
3-5/8-in (9.2-cm) b i t  s u b s t i t u t e d  f o r  t h e  
3-1/2-in (8.9-cm) b i t .  The tendency of 
t h e  cocked d r i l l  c o l l a r  t o  d r i l l  upward 
i s  compensated by t h e  tendency of t h e  
l a r g e r  b i t  t o  o v e r b r e a k  t h e  c o a l  and 
d r i l l  downward. T h i s  mod i f i ed  assembly  
c a n  be c o n t r o l l e d  i n  t h e  v e r t i c a l  p l a n e  
by v a r y i n g  b i t  t h r u s t  and r o t a t i o n a l  
s p e e d  and was s u c c e s s f u l l y  used  i n  t h e  
P i t t s b u r g h  and Sunnyside  Coalbeds.  

The l o n g e s t  i n t e r v a l  d r i l l e d  w i t h  t h e  
p r e f e r r e d  assembly  ( f i g .  1 )  o c c u r r e d  a t  a  
s i t e  i n  t h e  P i t t s b u r g h  8  Coalbed ( 3 )  t h a t  
i s  r e l a t i v e l y  f l a t  and b locky  and B i m i l a r  
t o  t h e  P i t t s b u r g h  coalbed.  F i g u r e  5  
shows t h e  h o r i z o n t a l  t r a j e c t o r y  of t h e  
h o l e ,  which b e g i n s  t o  bend a b r u p t l y  t o  
t h e  l e f t  a f t e r  t h e  b i t  d r i l l e d  i n t o  a  
band of p y r i t e  a t  350 f t  (107 m). The 
b i t  neve r  r e t u r n e d  t o  i t s  o r i g i n a l  bea r -  
i n g  l i n e  though t h e  t o t a l  d e v i a t i o n  was 
n o t  ex t r eme  and t h e  assembly  was under  
c o n t r o l .  At f u l l  d e p t h  of 1 ,034  f t  (315 
m), t h e  h o l e  was o n l y  15.5 f t  (4.7 m) t o  
t h e  l e f t  of t h e  o r i g i n a l  b e a r i n g  l i n e .  

Many c o a l b e d s  show a  marked d i f f e r e n c e  
i n  t h e  d r i l l i n g  c h a r a c t e r i s t i c s  i n  t h e  
u p p e r  and lower  benches and may d i f f e r  
r e g i o n a l l y  a s  w e l l .  The u p p e r  p o r t i o n  
may c o n t a i n  bands of p y r i t e  compared w i t h  
t h e  lower  h a l f ,  which is  r e l a t i v e l y  f r e e  
of i m p u r i t i e s  and,  hence ,  s o f t e r  and 
e a s i e r  t o  p e n e t r a t e  d u r i n g  d r i l l i n g .  As 
e v i d e n c e d  by p e n e t r a t i o n  r a t e s  u s i n g  com- 
p a r a b l e  d r i l l i n g  p a r a m e t e r s ,  t h e  P i t t s -  
burgh Coalbed n e a r  F a i r v i e w ,  WV (A), was 
found t o  be much h a r d e r  t o  d r i l l  t h a n  a t  
Mar ianna ,  PA ( 7 ) ,  l o c a t e d  30 miles ( 4 8  
km) n o r t h ,  a p p a r e n t l y  owing t o  t h e  d i f -  
f e r e n c e  i n  ove rburden  t h i c k n e s s .  As a  
r e s u l t ,  t h e  p r e f e r r e d  assembly  ( f i g .  I ) ,  
which was ve ry  e f f e c t i v e  a t  t h e  F a i r v i e w  
s i t e ,  was n o t  v e r t i c a l l y  c o n t r o l l a b l e  a t  
t h e  Marianna s i t e .  It r e p e a t e d l y  a r c e d  
t o  t h e  bottom. The p r e f e r r e d  assembly  
was t h e n  modi f i ed  by u s i n g  a  3-5/8-in 
(9.2-cm) b i t  and removing t h e  back cen- 
t r a l i z e r  ( f i g .  3 ) .  The p e n e t r a t i o n  r a t e  
of t h e  mod i f i ed  assembly  was abou t  t w i c e  
t h a t  e x p e r i e n c e d  u s i n g  t h e  p r e f e r r e d  
assembly.  F i g u r e  6  shows t h a t  t h e  a c t u a l  
h o r i z o n t a l  t r a j e c t o r y  of t h e  h o l e  a r c e d  
t o  t h e  r i g h t .  The d e v i a t i o n  of t h e  h o l e  
a t  1 ,000  f t  (305  m) f rom t h e  o r i g i n a l  
b e a r i n g  l i n e  was 50  f t  (15.2 m) b u t  
a t  2 ,000 f t  (610 m) measured a l o n g  t h e  
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FIGURE 5.-Horizontal trajectory of hole, Pittsburgh 8 Coalbed. 
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FIGURE 6.-Horizontal trajectory of hole, Pittsburgh Coalbed. 

HORIZONTAL DEPTH,ft 
FIGURE 7.-Vertical trajectory of hole, Beckley Coalbed. 

r i g i n a l  b e a r i n g  l i n e ,  t h e  d e v i a t i o n  was 
bout 160 f t  (49  m). A t  t h e  f i n a l  d e p t h  
f  about  2 ,500 f t  (762 m), t h e  d e v i a t i o n  

f rom t h e  o r i g i n a l  b e a r i n g  l i n e  was about  
270 f t  (82 m ) .  I n i t i a l l y ,  t h e  h o l e  was 
d r i l l e d  t o  about  340 f t  (104 m) w i t h  t h e  
p r e f e r r e d  assembly f i g  1  F i g u r e  6 
shows t h a t  t h e r e  was very l i t t l e  hor izon-  
t a l  d e v i a t i o n  of t h e  h o l e  d u r i n g  t h i s  
d r i l l i n g  i n t e r v a l .  Dev ia t ion  began 
s h o r t l y  a f t e r  t h e  p r e f e r r e d  assembly,  
which was unab le  t o  c o n t r o l  v e r t i c a l  
a n g l e ,  was r e p l a c e d  by t h e  modif ied  
assembly i n  t h e  d r i l l  s t r i n g .  

D r i l l i n g  d i f f i c u l t i e s  were exper ienced  
i n  t h e  Beckley Coalbed because  of t h e  
s o f t ,  f r i a b l e  n a t u r e  of t h e  coa lbed ,  
p a r t i c u l a r l y  i n  t h e  lower p o r t i o n ,  which 
d r i l l e d  d i f f e r e n t l y  t h a n  t h e  top  p o r t i o n ,  
and s e v e r e  u n d u l a t i o n s  of t h e  coa lbed ,  
which were unknown and made l o c a t i o n  of 
t h e  b i t  d i f f i c u l t  t o  i n t e r p r e t .  Even 
when p r o p e r l y  i n t e r p r e t e d ,  t h e  h o l e  
t r a j e c t o r y  cou ld  not  be a l t e r e d  r a p i d l y  
enough t o  fo l low t h e  coalbed.  F i g u r e  7 
shows t h e  v e r t i c a l  t r a j e c t o r y  of a  h o l e  
d r i l l e d  from t h e  bottom of a  v e n t i l a t i o n  
s h a f t  a t  Maple Meadow Mine ( 8 )  and why 



d i f f i c u l t i e s  i n  i n t e r p r e t a t i o n  o c c u r r e d .  
The h o l e  was s t a r t e d  and d r i l l e d  t o  8 0  f t  
(24  m) w i t h  t h e  mod i f i ed  assembly  ( f  i g .  
3 ) ,  which i s  cocked upward i n  t h e  
h o l e  a b o u t  1" (0.02 r a d ) .  The s m a l l e r  
3-112-in (8.9-cm) b i t  was chosen  o v e r  t h e  
3-518-in (9.2-cm) b i t  because  of t h e  ex-  
t r eme  s o f t n e s s  and f r i a b l e  n a t u r e  of t h e  
coa lbed .  The assembly  d i d  n o t  o v e r b r e a k  
a s  e x p e c t e d ,  p e r h a p s  because  of t h e  small 
b i t ,  and  a b o u t  a  2" (0.035 r a d )  upward 
v e r t i c a l  a n g l e  q u i c k l y  deve loped  t h a t  
c o u l d  n o t  be d e c r e a s e d  u s i n g  d r i l l i n g  
p a r a m e t e r s .  The back c e n t r a l i z e r  was 
r e i n s t a l l e d  s o  t h a t  d r i l l i n g  p a r a m e t e r s  
would be  more e f f e c t i v e  i n  c o n t r o l l i n g  
v e r t i c a l  t r a j e c t o r y .  The p r e f e r r e d  
a s sembly  ( f i g .  1 )  l e v e l e d  t h e  h o l e  n e a r  
t h e  r o o f ,  which i t  g r a z e d  o c c a s i o n a l l y  
be tween 240 and 370 f t  ( 7 3  and 113 m) be- 
f o r e  h i t t i n g  p y r i t e  b a l l s  a t  a b o u t  390 f t  
(119  m). D r i l l i n g  was c o n t i n u e d  u n t i l  
t h e  b i t  h i t  t h e  c l a y  f l o o r  a t  685 f t  (209  
m). The e x i s t e n c e  of t h e  u n d u l a t i o n  be- 
yond 400 f t  (122 m) was unknown. F i g u r e  
8  shows t h a t  t h e  h o l e  d e v i a t e d  a b o u t  2  f t  
(0 .6  m) a t  t h e  300-ft  (91.5-m) dep th .  An 
a b r u p t  change i n  d e v i a t i o n  o c c u r r e d  a f t e r  
a f t e r  t h e  roof  rock  was i n t e r c e p t e d  by 
t h e  b i t  a t  a round  t h a t  depth .  Conse- 
q u e n t l y  t h e  h o l e  t u r n e d  1 8  f t  (5 .5  m) i n  

t h e  n e x t  385 f t  (118 m) of  d r i l l i n g .  
Thus ,  t h e  t o t a l  d e v i a t i o n  of t h e  h o l e  was 
a b o u t  20  f t  (6.1 m) a t  a  d e p t h  of 685 f t  
(209 m). T h i s  example i l l u s t r a t e s  t h e  
impac t  of h a r d  i n c l u s i o n s  on  h o l e  t r a j e c -  
t o r y .  V e r t i c a l  a n g l e  i n  t h i s  c a s e  was 
n o t  a f f e c t e d .  F i g u r e  7  shows t h a t  t h e  
v e r t i c a l  a n g l e  remained h o r i z o n t a l  a f t e r  
t h e  b i t  i n t e r c e p t e d  t h e  roof  rock .  

I n  t h e  Mary Lee Coalbed i n  Alabama, 
d r i l l i n g  w i t h  t h e  p r e f e r r e d  assembly  
( f i g .  1 )  was abandoned because  t h e  h o l e s  
squeezed  and c o l l a p s e d ,  which l o c k e d  t h e  
assembly  i n  p l a c e .  An a l t e r n a t i v e  assem- 
b l y  c o n s i s t i n g  of a  3- in  (7.6-cm) b i t  and 
BQ r o d  was used  i n  t h i s  c o a l b e d  ( f i g .  9 )  
(9) because ,  i n  many c a s e s ,  t h i s  assembly  
c o u l d  be  r o t a t e d  and backed o u t  of  
t h e  h o l e  when c o l l a p s e  o c c u r r e d .  F i g u r e  
1 0  shows t h a t  t h i s  assembly  a r c e d  t o  
t h e  r i g h t ,  and  a t  a  d e p t h  of  1 , 0 0 0  f t  
(305  m), t h e  h o l e  d e v i a t e d  o v e r  200 f t  
( 6 1  m) f rom t h e  o r i g i n a l  b e a r i n g  l i n e .  
The f i r s t  120 f t  (37  m) was d r i l l e d  w i t h  
t h e  p r e f e r r e d  a s sembly  ( f i g .  l ) ,  and  f i g -  
u r e  1 0  shows t h a t  v e r y  l i t t l e  h o r i z o n t a l  
d e v i a t i o n  o c c u r r e d  d u r i n g  t h e  d r i l l i n g  
i n t e r v a l .  A t t e m p t s  t o  c o n t r o l  t h e  t ra-  
j e c t o r y  i n  t h e  v e r t i c a l  p l a n e  w i t h  t h e  
m o d i f i e d  a s sembly  by a d j u s t i n g  b i t  t h r u s t  
and  r o t a t i o n a l  s p e e d  were u n s u c c e s s f u l .  
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FIGURE 8.-Horizontal trajectory of hole, Beckley Coalbed. 
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FIGURE 10.-Horizontal trajectory of hole, Mary Lee Coalbed. 
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FIGURE 11.-Vertical trajectory of hole, Mary Lee Coalbed. 



F i g u r e  11 shows t h a t  t h e  b i t  dropped t o  
t h e  bottom of t h e  coa lbed  and fo l lowed  
t h e  bottom, which was m c h  h a r d e r  t h a n  
t h e  s o f t  coal .  

The 18-f t  ( 5 . 5 3 )  d r i l l  c o l l a r  used i n  
t h e  p r e f e r r e d  assembly ( f i g .  1 )  i s  d i f f i -  
c u l t  t o  hand le  underground because  of i t s  
l e n g t h  and weight.  S h o r t e r  d r i l l  c o l l a r s  
a r e  e a s i e r  t o  hand le  but  t h e i r  e f f e c t  on 
h o l e  t r a j e c t o r y  was unknown. T e s t s  i n  
t h e  Beckley Coalbed u s i n g  t h e  p r e f e r r e d  
assembly conf igured  w i t h  a 14-f t  (4.3-m) 
c o l l a r  ( f i g .  12)  showed t h a t  t h e  h o l e  
t u r n e d  t o  t h e  r i g h t .  A t  1 ,000  f t  (305 m) 

measured a l o n g  t h e  p r o j e c t i o n  of t h e  
o r i g i n a l  b e a r i n g  l i n e ,  t h e  h o l e  had 
d e v i a t e d  320 f t  (98 m) t o  t h e  r i g h t ,  and 
a t  1 ,600  f t  (488 m), t h e  h o l e  t r a j e c t o r y  
was p e r p e n d i c u l a r  t o  t h e  o r i g i n a l  b e a r i n g  
l i n e  ( f i g .  13). Attempts t o  c o n t r o l  t h e  
v e r t i c a l  t r a j e c t o r y  of t h e  d r i l l i n g  
assembly by v a r y i n g  t h e  d r i l l  b i t  t h r u s t  
and r o t a t i o n a l  speed were i n e f f e c t i v e .  
The assembly dropped t o  t h e  bottom of t h e  
coa lbed ,  d e f l e c t e d  o f f  f l o o r  rock ,  and 
d r i l l e d  a l o n g  t h e  i n t e r f a c e  w h i l e  s t a y -  
i n g  i n  t h e  coalbed.  The t o t a l  l e n g t h  of 
t h e  h o l e  d r i l l e d  was 4,034 f t  (1 ,230 m). 

BQ dri l l rod ,, ,-10-in centmlizers, I 
3 7 

Bit, 3 2  in 
2 E - i n  OD 3 ~ - i n  OD 1 

14-ft NQ dr i l l  collar, / 

FIGURE 12.-Preferred assembly with 14-lt collar. 
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FIGURE 13.-Horizontal trajectory of hole, Beckley Coal Mine. 
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FIGURE 14.-Lower Sunnyside Coalbed (Utah) study. 

Coalbed d i p  a p p e a r s  t o  be a n  i m p o r t a n t  t h e  maximum d i p  of t h e  coa lbed  ( f i g .  14).  
f a c t o r  a f f e c t i n g  t h e  h o r i z o n t a l  t r a j e c -  A l l  h o l e s  were d r i l l e d  w i t h  t h e  mod i f i ed  
t o r y  of h o l e s  i n  coa lbeds .  S t u d i e s  i n  assembly  ( f i g s .  3-4). Hole 1, which was 
t h e  lower  Sunnyside  Coalbed where t h e  d i p  d r i l l e d  a l o n g  t h e  s t r i k e ,  t u r n e d  t o  t h e  
i s  5' (0.09 r a d )  showed t h a t  t h e  h o r i z o n -  r i g h t  a s  would be e x p e c t e d  when u s i n g  t h e  
t a l  t r a j e c t o r y  of t h e  h o l e s  t u r n e d  toward  modi f i ed  assembly.  

SUMMARY AND CONCLUSIONS 

A n a l y s i s  of t h e  h o r i z o n t a l  t r a j e c t o r y  
o f  h o l e s  d r i l l e d  i n  c o a l b e d s  showed t h a t  
t h e  s t a n d a r d  assembly ( f i g .  I ) ,  which i n -  
c l u d e s  a n  18-ft  (5.5-m) d r i l l  c o l l a r  and 
two c e n t r a l i z e r s ,  had t h e  b e s t  h o r i z o n t a l  
s t a b i l i t y  and missed a  t a r g e t  a t  1 ,000  f t  
( 3 0 5  m) by o n l y  15.5 f t  (4.7 m). 

I n  c o a l b e d s  where t h e  s t a n d a r d  assembly  
( f i g .  1 )  i s  modi f i ed  by removal  of t h e  
r e a r  c e n t r a l i z e r  t o  m a i n t a i n  c o n t r o l  of 
t h e  b i t  i n  t h e  v e r t i c a l  p l a n e ,  h o r i z o n t a l  
c o n t r o l  of t h e  h o l e  t r a j e c t o r y  i s  l o s t  
a n d  t h e  b i t  t e n d s  t o  a r c  t o  t h e  r i g h t .  
A t  a d e p t h  of 1 ,000  f t  (305 m), t h e  d e v i -  
a t i o n  was a s  much a s  50 f t  (15.2 m) and 
was 160 f t  (49  m) a t  t h e  2,000-f t (610-m) 

dep th .  Thus,  once  a  h o l e  b e g i n s  t o  a r c ,  
t h e  d e v i a t i o n  becomes more s e v e r e  w i t h  
depth .  

S h o r t  d r i l l  c o l l a r s ,  though e a s i e r  t o  
h a n d l e  i n  a n  underground env i ronment ,  d i d  
n o t  m a i n t a i n  c o n t r o l  of  h o l e  t r a j e c t o r y  
i n  t h e  h o r i z o n t a l  p l ane .  D e v i a t i o n s  a s  
much a s  350 f t  (107 m) o c c u r r e d  when h o l e  
d e p t h  measured a l o n g  t h e  o r i g i n a l  b e a r i n g  
l i n e  was 1 ,000  f t  (305 m). A t  1 , 6 0 0  f t  
(488 m) t h e  t r a j e c t o r y  of t h e  h o l e  i n  t h e  
h o r i z o n t a l  p l a n e  was a t  a  r i g h t  a n g l e  t o  
t h e  o r i g i n a l  b e a r i n g  l i n e .  

Holes  d r i l l e d  w i t h o u t  a  d r i l l  c o l l a r  
d e v i a t e d  o v e r  200 f t  ( 6 1  m) f rom t h e  
o r i g i n a l  b e a r i n g  l i n e  a t  a  d e p t h  of abou t  



1 ,000  f t  (305 m). I n  g e n e r a l ,  most h o l e s  i n  any d i r e c t i o n .  I n  d i p p i n g  c o a l b e d s ,  
t ended  t o  d r i l l  t o  t h e  r i g h t ,  presumably t h e  h o r i z o n t a l  t r a j e c t o r y  of h o l e s  
because  of t h e  r ight-hand r o t a t i o n  of t h e  a p p e a r s  t o  t u r n  toward t h e  d i r e c t i o n  of 
b i t .  Hard i n c l u s i o n s  i n  t h e  coa lbed ,  maximum dip .  
such  a s  p y r i t e  b a l l s ,  can d e f l e c t  a b i t  
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