
RII 8640 I 
Bureau of Mines Report of lnvestigations/l982 

Drilling a Horizontal Coalbed Methane 
Drainage System From a Directional 
Surface Borehole 

By David C. Oyler and William P. Diamond 

UNITED STATES DEPARTMENT OF THE INTERIOR 



Report of Investigations 8640 

Drilling a Horizontal Coalbed Methane 
Drainage System From a Directional 
Surface Borehole 

By David C. Oyler and William P. Diamond 

UNITED STATES DEPARTMENT OF THE INTERIOR 

James G. Watt, Secretary 

BUREAU OF MINES 
Robert C. Horton, Director 



Th is  publication has been cataloged as follows : 

Oyler,  D. C. ( D a v i d  C.) 

Drilling a horizontal coalbed methane drainage s y s t e m  from a 
direct ional  surface borehole. 

(Rcpor t  of i n v c s t i g a t i o n s  / B u r c a u  of Mincs  ; 8640) 

I n c l u d c s  b ib l iog raph ica l  r c f c r c n c c s .  

Supt. of l)ocs. no.: I  28.23:8(,40. 

1. Minc g a s c s .  2. Mcthanc.  3. C o a l  rnincs  and mining-Safcty  mca- 
s u r c s .  4. Boring. I. Diamond,  W. P. (Wil l iam P.). 11. T i t l c .  111. S c r i c s :  
Rcpor t  o f  i n v c s t i g a t i o n s  ( U n i t c d  S t a t c s .  Burcau  of Mines )  ; 8(,(,0. 



CONTENTS 
Page 

Abstract ........................................................................ ..................................................... Background and introduction ................................................................. Acknowledgments 
Drilling program ................................................................ ...................................................... General drilling plan ............................................. Site selection and preparation ............................................................... Drilling rig ........................................................ Pilot hole drilling ................. Directional drilling equipment and control techniques 

Drilling rates and bit performance .................................... ...................................................... Drilling sunmary .................................................................... Reaming ...................................................... Lost circulation 
Fishing operations .................................................... 
Reaming with a stinger assembly ....................................... 
Drilling summary ...................................................... ....................................................... Casing and cementing ........................................................ Horizontal drilling 
Horizontal hole H1 .................................................... 
Horizontal hole H2 .................................................... 
Horizontal hole H3 .................................................... 
Horizontal holes H4 and H5 ............................................ 
Reaming horizontal sump ............................................... 

Completion work and initial production rates ............................... 
Project costs ................................................................... 

Detailed cost analysis ..................................................... 
Project cost summary ....................................................... 
Estimated costs for a production directional hole .......................... 

Conclusions and recommendations ................................................. 
Horizontal drilling ...............ee.e.....e....ee......................... 
Reaming ............e..ee....................e...e........................e. 
Bits ....................................................................... 

Appendix A*--EM-19. detailed time breakdown of drilling operations .............. ................................................. Appendix B.-- Project chronology 

ILLUSTRATIONS 

Map of project site ........................................................ 
Section view of EM-19 well path ............................................ ........................................... Drilling site before preparation 
Drilling location after site preparation ................................... 
Plan view of EM-19 drilling site ........................................... 
Drilling rig ............................................................... ...................................... Dyna-Drill tool and drilling assembly ............................................................. Strata-Pax bit 
Diamond bit ................................................................ 
Mixing Dextrid-Polymer mud for pilot hole drilling ......................... 
Reaming bits ............................................................... 
Flat-faced Strata-Pax reamer and stinger ................................... 
Television camera .......................................................... 
Debris fished from EM-19 ................................................... 
Bit-crown fishing spear .................................................... 



ILLUSTRATIONS.. Continued 
Page 

.................................... Reaming stinger and diamond reaming hit ...... Plan and section views of geometry of EM-19 near the bottom of casing ... Plan view of horizontal holes and bottom hole locations of monitor holes ....................................... Two methods of following the coalbed ......................................................... Casing underreamer 
EM-19 surface installation . . . . . . . e e e e e . . e e e e e e e e e . e e e e e e e e e e . e e e e e . e e e e . e e e  

Dewatering hole EM-20 . . . . . . . . . . . . . . e . . e e e e e e e . e e e e e e e e e e . e e e e e e e e e e e e e e e e e e  ....................................... Production data from EM-19 and EM-20 ............................... Crew running the submersible pump into EM-19 .......................................... Shale and coal blown out of EM-19 

TABLES 

........................ Penetration versus drilling parameters (pilot hole) .......................... Selected penetration rates versus formation types 
Bit costs-- pilot and horizontal  hole^..............^^^^^^.^^^^^^^^^^..^^^^^ 
Bit costs--reaming . . . . . e e e . . e e e e . . . e . e . . e . e e e . e e e e e . . e . . e e e e e e . . . . e e e e e e . e e  

Horizontal distances drilled . . . . . . . . . . . . e . . e e e e e e e . e . e e e e e . e e e e e . e e e e . e e . e .  

Directional hole (EM-19) drilling  cost^..............^.^^.^^^.^..^^^^^^^^^^ ........................................ Costs for EM-19 drilling operations ........................................................ Project cost totals .............................................. Production hole time estimate .............................................. Production hole cost estimate 



D R I L L I N G  A H O R I Z O N T A L  C O A L B E D  M E T H A N E  DRAINAGE SYSTEM 
FROM A D I R E C T I O N A L  SURFACE BOREHOLE 

by 

D a v i d  C. Oyler  1 and Wi l l i am P. Diamond 2 

ABSTRACT 

T h r e e  l o n g  h o r i z o n t a l  h o l e s  were  
d r i l l e d  f rom a  d i r e c t i o n a l l y  d r i l l e d  s u r -  
f a c e  h o l e  a t  t h e  Emera ld  Mine n e a r  
Waynesburg,  Pa. The p u r p o s e  was t o  a d a p t  
t h e  t e c h n i q u e  o f  d i r e c t i o n a l  d r i l l i n g  f o r  
u s e  i n  d r a i n i n g  me thane  f rom c o a l b e d s .  A  
504-m ( 1 , 6 5 2 - f t )  l o n g ,  76-mn ( 3 - i n )  diam- 
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 ,  u s i n g  a downhole mud m o t o r ,  t o  
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  a t  a v e r t i -  
c a l  d e p t h  o f  305  m ( 1 , 0 0 0  f t ) .  The h o l e  
was reamed t o  222 nm (8-3 /4  i n )  a n d  was 
c a s e d  t o  a measu red  d e p t h  o f  486 rn 
( 1 , 5 9 5  f t ) .  Th ree  76-nn ( 3 - i n )  d i a m e t e r  
h o r i z o n t a l  d r a i n a g e  h o l e s  were  t h e n  
d r i l l e d ,  t o t a l i n g  2 ,909  n ( 9 , 5 4 4  f t )  
o f  h o r i z o n t a l  h o l e .  Improvements  i n  
d r i l l i n g  n e t h o d s  i n c r e a s e d  t h e  a v e r a g e  

d r i l l i n g  r a t e  f rom 20.4 n ( 6 7  f t )  t o  
64.9 m ( 213  f t )  p e r  day .  The c o s t  o f  
d r i l l i n g  t h e  d i r e c t i o n a l  and h o r i z o n t a l  
h o l e s  ( u s i n g  a  Governnent-owned d r i l l  
r i g )  was $ 1 , 1 6 9 , 5 3 0 ,  a  f i g u r e  i n f l a t e d  by  
i n e x p e r i e n c e  and  by d e l a y s  c a u s e d  by 
l o s t - c i r c u l a t  i o n  p rob l ems  and  f i s h i n g  
o p e r a t i o n s .  An e s t i m a t e d  t o t a l  d r i l l i n g  
c o s t  o f  $960 ,000  ( i n c l u d i n g  r e n t a l  o f  a  
d r i l l  r i g )  f o r  a n  improved  s y s t e m ,  was 
d e t e r m i n e d  by  a d e t a i l e d  c o s t  a n a l y s i s .  

I n i t i a l  g a s  a n d  w a t e r  p r o d u c t i o n  
f rom November 1979 t h r o u g h  May 1980  was 
low b e c a u s e  o f  c a v i n g  o f  t h e  h o r i z o n t a l  
h o l e s  d r i l l e d  i n  s h a l e  n e a r  t h e  b o t t o m  o f  
t h e  c a s i n g .  

BACKGROUND AND INTRODUCTION 

A  p r o j e c t  t o  d i r e c t i o n a l l y  d r i l l  a 
c o a l b e d  me thane  d r a i n a g e  s y s t e n  f r o n  t h e  
s u r f a c e  was i n i t i a t e d  by t h e  Bureau  o f  
Mines i n  1976.  D r i l l i n g  a c t i v i t i e s  began  
i n  Sep t embe r  1978 a t  t h e  Emera ld  Mine i n  
Greene  County ,  Pa. ( f i g .  1 ) .  I n  O c t o b e r  
1977 ,  t h e  c o n t r a c t  was t r a n s f e r r e d  t o  t h e  
U.S. Depar tment  o f  Ene rgy ,  w i t h  t h e  
Bureau  of  Mines c o n t i n u i n g  t e c h n i c a l  
management o f  t h e  p r o j e c t .  I n c l u d e d  i n  

I ~ e c h a n i c a l  e n g i n e e r .  
2 ~ u D e r v  i s o r y  g e o l o g i s t .  

A l l  a u t h o r s  are w i t h  t h e  P i t t s b u r g h  R e -  
s e a r c h  C e n t e r ,  Bu reau  o f  Mines,  P i t t s -  
b u r g h ,  Pa. 

t h e  n e t h a n e  d r a i n a g e  s y s t e n  was a  d i r e c -  
t i o n a l l y  d r i l l e d  a c c e s s  h o l e  f rom t h e  
s u r f a c e  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 ,  t h r e e  l o n g  h o r i z o n t a l  inethane c o l -  
l e c t i o n  h o l e s  d r i l l e d  i n  t h e  c o a l ,  a  v e r -  
t i c a l  h o l e  f o r  removing  w a t e r  from t h e  
c o a l b e d ,  and  s e v e n  v e r t i c a l  h o l e s  t o  non- 
i t o r  t h e  e f f e c t s  o f  t h e  s y s t e n  w i t h  t ime .  
The g o a l s  o f  t h e  p r o j e c t  a r e  t o  demon- 
s t r a t e  t h a t  t h e  t e c h n i q u e  o f  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  t o  d r a i n  n e t h a n e  
f r o n  c o a l b e d s  i n  a d v a n c e  of  m i n i n g ,  t o  
d e t e r m i n e  t h e  d i s t a n c e  h o r i z o n t a l  h o l e s  
c a n  b e  d r i l l e d ,  t o  o b t a i n  i n f o r m a t i o n  
t o  improve  t h e  t e c h n i q u e ,  and t o  i n -  
v e s t  i g a t e  c o a l b e d  r e s e r v o i r  mechan i c s .  
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FIGURE 1. - Map of proiect site. The path of EM-19 and the locations of dewatering hole EM-20, 
monitor holes EM-21 through EM-27, and nearby mine workings are shown. 

P rev ious  p u b l i c a t i o n s 3  have o u t l i n e d  i n  t h e  work a t  t h e  Emerald Mine and t o  make 
d e t a i l  t h e  scope and g o a l s  of t h i s  and recommendations f o r  improvements i n  
o t h e r  Bureau of Mines d i r e c t i o n a l  d r i l l -  d r i l l i n g  methods f o r  f u t u r e  systems of 
i n g  r e s e a r c h .  The purpose  of t h i s  r e p o r t  t h i s  type.  
i s  t o  d e s c r i b e  t h e  a c t u a l  performance of  

- 
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DRILLING PROGRAM 

General  D r i l l i n e  P lan  

The g e n e r a l  p l a n  f o r  d r i l l i n g  t h e  
d i r e c t i o n a l  h o l e  was t o  d r i l l  a 76-mm 
(3- in )  d iamete r  p i l o t  h o l e  i n  a c i r c u l a r  
a r c  from t h e  s u r f a c e  t o  i n t e r c e p t  t h e  
P i t t s b u r g h  coa lbed  h o r i z o n t a l l y  ( f i g .  2) .  
The h o l e  was t o  be  overreamed (over  t h e  
BQ w i r e l i n e  rod  used t o  d r i l l  t h e  p i l o t  
h o l e )  t o  222 mm (8-314-in) and then  a  
140-m (5-112-in) d i a m e t e r  c a s i n g  was t o  
b e  cemented i n  p l a c e .  Three 76-nm (3- in)  
d i a m e t e r  h o r i z o n t a l  methane d r a i n a g e  

HORIZONTDL DISTDNCE, f l  

h o l e s  ( f i g .  1)  were t h e n  t o  be d r i l l e d ,  
each  up t o  915 m (3 ,000 f t )  i n  l e n g t h  
fann ing  o u t  from t h e  bottom o f  cas ing .  A 
v e r t i c a l  h o l e  was t o  b e  d r i l l e d  nea r  t h e  
coa lbed  i n t e r c e p t  p o i n t  and equipped w i t h  
a  downhole p lunger  pump f o r  dewater ing.  
The v e r t i c a l  h o l e  would be h y d r a u l i c a l l y  
s t i m u l a t e d  t o  c r e a t e  a  h i g h e r  permeabil-  
i t y  p a t h  f o r  water  t o  f low from t h e  h o r i -  
z o n t a l  h o l e  i n t o  t h e  v e r t i c a l  ho le .  I n  
a d d i t i o n ,  seven v e r t i c a l  h o l e s  were 
planned f o r  moni to r ing  t h e  p r o g r e s s  of  
methane d r a i n a g e  by o b s e r v i n g  t h e  changes  
i n  t h e  h e i g h t  of a  s t a t i c  water  column 
o v e r  t h e  coa lbed  i n  e a c h  h o l e .  

4 W I I I I , / I I I I  
1.100 l p a 0  900 so0 700 MK) 500 400 Xa 200 100 0 

S i t e  S e l e c t i o n  and P r e p a r a t i o n  

4 0 0  - The pr imary requ i rement  of  a d i r e c -  
t i o n a l  d r i l l i n g  s i t e  i s  f o r  s u f f i c i e n t  
d e p t h  o f  cover  o v e r  t h e  t a r g e t  coa lbed  t o  
nake t h e  r e q u i r e d  1.57-rad (90') t u r n  

I c 5  m - m n r r t m  
t o  e n t e r  t h e  coa lbed  h o r i z o n t a l l y .  A t  

YJ rr rroq rm t h e  r a t e  of a n g l e  b u i l d  d e s i r e d  f o r  
C ma T L ~ Y  r h k  

5 shah llmlm t h e  d i r e c t i o n a l  h o l e ,  0.34 rad/100m 
- "  $ (6'1 100 f t ) ,  t h e  r e q u i r e d  d i s t a n c e  was 

290 m (950 f t ) .  The d r i l l i n g  s i t e  
s e l e c t e d  w a s  a t  t h e  t o p  o f  t h e  h i g h e s t  
r i d g e  i n  t h e  a r e a  t o  o b t a i n  t h e  r e q u i r e d  

- 600  d e p t h  of  cover.  The l o c a l  s t r u c t u r e  of 
t h e  coa lbed  w a s  a l s o  downdip i n  t h e  

-500 
d i r e c t i o n  of d r i l l i n g  which added a n o t h e r  

- 4 0 0  6 m (20  f t )  t o  t h e  e f f e c t i v e  v e r t i c a l  
d i s t a n c e .  The a c t u a l  v e r t i c a l  d i s t a n c e  
t o  t h e  coa lbed ,  determined when w e l l  EM- 

p o s s i b l e  t o  s tart  d r i l l i n g  w i t h  t h e  r i g ' s  
FIGURE 2. - Section view of EM-19 well path. m a s t  v e r t i c a l  ( a  d e f i n i t e  advantage dur- 

Geologic column at left is from a  i n g  d r i l l i n g  and f o r  s e r v i c i n g  t h e  w e l l )  
corehole near well EM-20. and l e f t  a n  a d d i t i o n a l  15 m (50 f t )  t o  be  

53 I 1 I I 1 
Z W  20 ( f i g .  1 )  w a s  d r i l l e d ,  was approxi-  

350 300 250 230 l y l  100 5 0  0 

H ~ m ~ A L  mViwE. rn mate ly  305 m (1,000 f t ) .  Th i s  made i t  



d r i l l e d  v e r t i c a l l y  b e f o r e  beginning t o  
d e v i a t e  t h e  ho le .  P a r t  of  t h i s  d i s t a n c e  
was used t o  s e t  conduc to r  p ipe  i n  t h e  
h o l e .  

Two a d d i t i o n a l  r equ i rements  of t h e  
s i t e  were a  l o c a t i o n  t h a t  would a l l o w  a  
v e r t i c a l  h o l e  t o  be l o c a t e d  a t  t h e  c o a l -  
bed i n t e r c e p t  p o i n t ,  and a  s i t e  s i t u a t e d  
such  t h a t  t h e  h o r i z o n t a l  h o l e s  would be 
f a r  ahead of mining,  bu t  i f  p o s s i b l e  
s t i l l  l o c a t e d  where t h e  h o l e  would have a  
measurable  e f f e c t  on methane emiss ions  i n  
t h e  mine. These requ i rements  g r e a t l y  
r e s t r i c t e d  t h e  number of a v a i l a b l e  s i t e s  
and t h e  a l l o w a b l e  d r i l l i n g  d i r e c t i o n s  f o r  
t h e  s i t e  chosen,  bu t  t h e  s i t e  met a l l  
t h r e e  requirements .  The EM-19 s i t e  was 
l o c a t e d  s o  t h a t  when on p roduc t ion  i t  
would s h i e l d  t h e  Emerald mine from 
m i g r a t i n g  g a s  ( f i g .  l ) ,  b u t  t h e  h o r i -  
z o n t a l  h o l e s  w e r e  no t  w i t h i n  t h e  a r e a  of 
f u t u r e  mine development. T h i s  meant t h a t  
t h e  methane d r a i n a g e  l i f e  of EM-19 could  
be  as much a s  10 t o  40 yea rs .  

The s u r f a c e  l o c a t i o n  requ i rements  
were f o r  good a c c e s s  r o a d s ,  s e c u r i t y  from 
vandal ism,  nearby e l e c t r i c a l  power, s u f -  
f i c i e n t  s i t e  a r e a  f o r  a l l  equipment,  a  
nea rby  source  of w a t e r ,  and a  nearby 
p i p e l i n e  f o r  g a s  s a l e s  once p roduc t ion  
began. Since  t h e  s i t e  chosen was on mine 
p r o p e r t y  and was l o c a t e d  n e a r  a n  e x i s t i n g  
road ,  s e c u r i t y ,  s i t e  a c c e s s ,  and a c c e s s  
t o  power were e a s i l y  ar ranged.  Water f o r  
mixing d r i l l i n g  f l u i d s  (mud) had t o  be 
hauled from h y d r a n t s  a b o u t  300 m 
(1 ,000 f t )  away, bu t  o r i g i n a l l y  t h i s  was 
no t  c o n s i d e r e d  a  s e r i o u s  problem. The 
l a c k  of a  conven ien t  wa te r  supp ly  was t o  
be expec ted  on a h i l l t o p  s i t e .  For- 
t u n a t e l y  a  g a s l i n e  passed w i t h i n  60 m 
(200 f t )  of t h e  s i t e ,  s i m p l i f y i n g  t h e  g a s  
p i p i n g  requ i rements .  The Emerald Mines 
Corp. a l s o  c l e a r e d  a  s i t e  l a r g e  enough 
f o r  a l l  d r i l l i n g  and complet ion a c t i v i -  
t i e s  ( f i g s .  3-4). 

The s i t e  p r e p a r a t i o n  c o n s i s t e d  
of  c l e a r i n g  t h e  t r e e s  from a n  a r e a  

FIGURE 3. - Drilling si te before preparation. Photograph taken March 1978, view is east. 



FIGURE 4. - Dr i l l ing  location after s i te preparation. Mud pi ts  in  foreground. Photograph taken 
August 1978, view i s  northwest. 

approx imate ly  120 m (400 f t )  by 45 n  
(150  f t ) .  A d i v i d e d  mud p i t  26 m ( 8 5  i t )  
l o n g ,  6 m wide (20  f t ) ,  and 2 m ( 6  f t )  
deep was then  dug. The s i t e  was t h e n  
covered by about  30 cm ( 1  f t )  of  c rushed  
s t o n e  which was r o l l e d  and compacted. 
F i g u r e  4 shows t h e  s i t e  i n  August 1978 
s h o r t l y  a f t e r  t h e  p r e p a r a t i o n  work was 
completed.  A p l a n  view of t h e  s i t e ,  
a f t e r  t h e  d r i l l i n g  equipment was s e t  up 
i n  November 1978, i s  shown i n  f i g u r e  5. 

A n a j o r  d i f f i c u l t y  w i t h  t h e  EM-19 
d r i l l i n g  s i t e ,  which w i l l  be  d i s c u s s e d  i n  
n o r e  d e t a i l  i n  t h e  " P i l o t  Hole D r i l l i n g "  
and "Reaming" s e c t i o n s ,  was t h e  r i d g e t o p  
l o c a t i o n  which pu t  t h e  s i t e  above t h e  
l o c a l  w a t e r  t a b l e .  S e v e r a l  f r a c t u r e d  and 
s o l u t i o n  channeled l i m e s t o n e s  became 
s e v e r e  l o s t  c i r c u l a t i o n  zones  t h a t  c r e a t -  
ed n a j o r  d i f f i c u l t i e s  i n  d r i l l i n g  u n t i l  
t h e  h o l e  was f i n a l l y  cased .  
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FIGURE 5. - Plan v iew  of EM-19 dri l l ing site. 

D r i l l i n g  Rig ----- 

The d r i l l i n g  r i g  used t o  d r i l l  t h e  
d i r e c t i o n a l  h o l e  was a  Reed Tool Co. 
e x p l o r a t o r y  rig4 ( f i g .  6) .  The r Lg i s  
h y d r a u l i c a l l y  o p e r a t e d ,  and powered by a  
Cummins model NT-855-P380, 283-kW (380- 
hp)  d i e s e l  eng ine .  The r i g  has  two h o i s t  
c y l i n d e r s  g i v i n g  i t  a  311-kN (70,000-lb) 
h o i s t  c a p a c i t y ,  and a  10.5-m (35- f t )  
s t r o k e .  It was o r i g i n a l l y  purchased i n  
1974 f o r  t h e  Bureau of Mine's Mather 
d i r e c t i o n a l  h o l e  p r o j e c t  . 5  

The pr imary requ i rements  f o r  t h e  
d r i l l i n g  r i g  were a  10.5-n ( 3 5 - f t )  

--- 
4 ~ 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 not  imply 
endorsement by t h e  Bureau of Mines. 

' ~ h i r d  work c i t e d  in f o o t n o t e  3.  

s t r o k e ,  a n  a b i l i t y  t o  f i n e l y  a d j u s t  t h e  
d r i l l  p i p e  f e e d  r a t e  and h i t  weight ,  and 
a  "pulldown" c a p a c i t y  ( t h e  a b i l i t y  t o  put  
a d d i t i o n a l  weight on t h e  b i t ) .  The p u l l -  
down c a p a c i t y  i s  n e c e s s a r y  t o  push c a s i n g  
through t i g h t  s p o t s .  The s t r o k e  l e n g t h  
i s  r e q u i r e d  t o  hand le  c a s i n g  and d r i l l  
p i p e  f o r  reaming. The f i n e  feed  c a p a c i t y  
i s  needed when runn ing  downhole motors t o  
p reven t  s t a l l i n g  and damaging t h e  t o o l s .  
Two o t h e r  d e s i r a b l e  f e a t u r e s ,  which t h e  
Reed r i g  d i d  n o t  have,  were tongs  and 
b reakou t  t o o l s  f o r  hand l ing  l a r g e  d r i l l  
p i p e  and a  wide d r i l l  t a b l e  t o  a l l o w  e a s y  
h a n d l i n g  of b i t s  and subs  g r e a t e r  t h a n  
305 mrn (12 i n )  i n  d iamete r .  Th i s  made i t  
d i f f i c u l t  t o  ream and c a s e  t h e  h o l e  t o  
s h u t  o f f  t h e  l o s t - c i r c u l a t i o n  zones n e a r  
t h e  s u r f a c e .  



FIGURE 6. - Dr i l l ing  rig. Note survey tool and wireline hoist in right foreground. Photograph 
taken during p i  lot hole dr i l l ing operation, November 1978. 

P i l o t  Hole D r i l l i n g  - ------ - 

The d i r e c t i o n a l  h o l e  was begun by 
r o t a r y  d r i l l i n g  a  3 1 8 m  (12-1/2-in) 
d i a m e t e r  v e r t i c a l  s u r f a c e  h o l e  t o  t h e  top  
o f  bedrock and i n s t a l l i n g  3.7 m (12 f t )  
o f  267-mn (10-112-in) d iamete r  conductor  
p ipe .  A 159-mm (6-114-in) d iamete r  t r i-  
cone rock b i t  was t h e n  used t o  r o t a r y  
d r i l l  t h e  h o l e  t o  15 m (50 f t )  where 
d i r e c t i o n a l  d r i l l i n g  was t o  begin.  

D i r e c t i o n a l  D r i l l i n g  Equipment 
and C o n t r o l  Techniques 

The d i r e c t i o n a l  d r i l l i n g  was done 
u s i n g  a  60-mm (2-318-in) d iamete r  Dyna- 
D r i l l  t o o l ,  a  76-mm (3- in )  d iamete r  b i t ,  
and 56-mn (2-3/ 16-in) 0.d. BQ w i r e l i n e  
d r i l l  rod (3.3-m ( 1 0 - f t )  j o i n t s ) .  The 

Dyna-Drill ( f i g .  7 )  i s  a  p o s i t i v e  d i s -  
placement motor w i t h  a  h e l i c a l  d r i v e  
s h a f t  t h a t  r o t a t e s  when f l u i d  i s  pumped 
through t h e  t o o l .  R o t a t i o n  of t h e  d r i v e  
s h a f t  i s  t r a n s m i t t e d  through u n i v e r s a l  
j o i n t s  t o  t h e  s h a f t  of a  h i t  sub. Sea led  
b e a r i n g s  s u p p o r t  t h e  s h a f t  of t h e  b i t  
sub. The hous ing  of  t h i s  sub i s  a l s o  
b e n t  a t  a  s m a l l  a n g l e  t o  p rov ide  d i r e c -  
t i o n a l  c o n t r o l .  Both t h e  u n i v e r s a l  
j o i n t s  and b e a r i n g s  a r e  expendable  i t ems ,  
t y p i c a l l y  r e q u i r i n g  replacement  a t  50- 
t o  100-h i n t e r v a l s .  D r i l l i n g  f l u i d  was 
s u p p l i e d  t o  t h e  t o o l  hy two FWI 5P-200A 
q u i n t u p l e x  pumps. 

The Dyna-Drill w i l l  b u i l d  a n g l e  a t  a 
r a t e  roughly  p r o p o r t i o n a l  t o  t h e  s i z e  of 
t h e  bend of  t h e  housing.  The r a t e  i s  
a l s o  a f f e c t e d  t o  some e x t e n t  by t h e  type  
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Motor assembly 

of  f o r m a t i o n  d r i l l e d ,  t h e  h o l e  i n c l i n a -  
t i o n ,  t h e  o r i e n t a t i o n  o f  t h e  bend,  and 

t h e  weight  on t h e  b i t .  During t h e  Mather 
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  , 6  t h e  r a t e  
of  a n g l e  b u i l d  was c o n t r o l l e d  p r i m a r i l y  
by weight  on t h e  b i t  a s  de te rmined  by  t h e  
pump p r e s s u r e .  (As b i t  weight  i n c r e a s e s ,  
t h e  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  
wa te r  c o u r s e s  of t h e  b i t  i n c r e a s e s . )  
Changes i n  weight  on t h e  b i t  a l s o  a f f e c t  
t h e  p e n e t r a t i o n .  When r a p i d  a n g l e  b u i l d  
r a t e s  a r e  d e s i r e d ,  b i t  weight  c a n  be h i g h  
and p e n e t r a t i o n  i s  s a t i s f a c t o r y .  But 
when t h e  a n g l e  b u i l d  r a t e  must be r e -  
duced,  t h e n  t h e  b i t  weight  must be 
d e c r e a s e d  and t h e  p e n e t r a t i o n  d e c r e a s e s .  

To e l i m i n a t e  t h e  l o s s  o f  p e n e t r a t i o n  
c a u s e d  by d e c r e a s e d  b i t  w e i g h t ,  t h e  p i l o t  
h o l e  a t  t h e  Emerald Mine was c o n t r o l l e d  
p r i m a r i l y  by changing b e n t  hous ings .  
Four a s s e m b l i e s  were used .  I n  o r d e r  of 
i n c r e a s i n g  b u i l d  r a t e  c a p a b i l i t y  they  
were a  0.0087-rad (30-min) b e n t  h o u s i n g ,  
a  0.013-rad (45-nin)  h o u s i n g ,  and b o t h  of 
t h e s e  h o u s i n g s  w i t h  s t a n d o f f  r i n g s  added.  
The v a l u e s  of t h e  a n g l e s  a r e  nominal  v a l -  
ues .  The t r u e  bend o f  a  p a r t i c u l a r  hous- 
i n g  o f t e n  v a r i e d  from i t s  s t a t e d  a n g l e .  
By u s i n g  d i f f e r e n t  bends  i n s t e a d  o f  va ry -  
i n g  t h e  b i t  we igh t ,  i t  was p o s s i b l e  t o  
u s e  t h e  most e f f i c i e n t  b i t  w e i g h t s  (mea- 
s u r e d  by t h e  pump p r e s s u r e s )  and f l o w  
r a t e s  th rough  t h e  Dyna-Dril l  t o  o b t a i n  
t h e  maximum p e n e t r a t i o n  r a t e  ( i t  a l s o  
made i t  p o s s i b l e  t o  c o r r e l a t e  p e n e t r a t i o n  
r a t e s  t o  f o r m a t i o n  t y p e s ) .  

To minimize t h e  number of t r i p s  
made t o  change b e n t  hous ings ,  t h e  
d i r e c t i o n a l  d r i l l i n g  e n g i n e e r  c o n t i n u a l l y  
made p r o j e c t i o n s  of  t h e  w e l l  pa th .  I n  
t h i s  way i t  was p o s s i b l e  t o  de te rmine  t h e  
e f f e c t  a  p a r t i c u l a r  assembly  would have 
on t h e  w e l l  p a t h  and t o  p l a n  t h e  u s e  of  
f u t u r e  hous ings  t o  make c o r r e c t i o n s  t o  
b r i n g  t h e  h o l e  back  on c o u r s e .  For exam- 
p l e ,  i f  one assembly  b u i l t  a n g l e  a t  
0.40 r ad /100  rn (7'/100 f t )  i t  might be 
used  f o r  30 m (100 f t )  and t h e n  a  hous ing  
t h a t  gave a  lower  b u i l d  r a t e  would b e  
used  t o  b r i n g  t h e  h o l e  back  on  l i n e ,  o r  

' ~ h i r d  work c i t e d  i n  footnote 3 .  



s l i g h t l y  below i t .  The h i g h - b u i l d  hous- 
i n g  would t h e n  b e  p u t  back  on and t h e  cy- 
c l e  begun a g a i n .  

The a c t u a l  p o s i t i o n  of  t h e  h o l e  and 
t h e  d i r e c t i o n  of  t h e  bend were de te rmined  
by  t h e  use  o f  a  sma l l -d i amete r  magne t i c  
s i n g l e s h o t  s u r v e y i n g  t o o l .  T h i s  t o o l  i s  
r u n  on  a  w i r e l i n e  and c o n t a i n s  a  c o n p a s s  
on  a  p i v o t  and a  camera t o  a l l o w  t h e  a z i -  
muth o f  a  r e f e r e n c e  p o i n t  i n  t h e  t o o l  and 
t h e  t o o l  i n c l i n a t i o n  t o  be r eco rded  on 
f i l m .  A sllbassembly i n  t h e  d r i l l  s t r i n g  
w i t h  a  p i n  i n  i t  and a  cam on t h e  s u r v e y  
t o o l  (known a s  a  muleshoe)  f o r c e s  t h e  
s u r v e y  t o o l  t o  l i n e  up i n  t h e  same r e l a -  
t i v e  o r i e n t a t i o n  w i t h  t h e  d r i l l  s t r i n g  on 
e a c h  su rvey .  T h i s  makes i t  p o s s i b l e  t o  
u s e  t h e  s u r v e y  t o o l  t o  a l i n e  t h e  b e n t  
hous ing  i n  t h e  d e s i r e d  d i r e c t i o n .  
Because t h e  s i n g l e s h o t  t o o l  h a s  a com- 
p a s s ,  i t  must be  used  w i t h  nonmagnetic 
d r i l l  p ipe .  The bot tom 24 m ( 8 0  f t )  o f  
BQ r o d  was made of nonmagnetic s t a i n -  
l e s s  s t e e l  a s  were t h e  h o u s i n g s  of  t h e  
Dyna-Dri l l s .  

The o u t p u t  of  t h e  s i n g l e s h o t  t o o l  i s  
( 1 )  a  r e a d i n g  of  t h e  w e l l  p a t h  az imuth ,  
( 2 )  t h e  h o l e  i n c l i n a t i o n ,  and ( 3 )  t h e  
az imuth  of t h e  d r i l l  s t r i n g  r e f e r e n c e  
p o i n t .  Given t h e  p o s i t i o n  of  t h e  p r e v i -  
o u s  s u r v e y  p o i n t ,  t h e  new n e a s u r e d  d e p t h ,  
and i t e m s  1  and 2, t h e  h o l e  p o s i t i o n  c a n  
b e  de te rmined  t r i g o n o m e t r i c a l l y .  The 
s u r v e y  p o s i t i o n s  i n  EM-19 were computed 
by  t h e  radius-of  - c u r v a t u r e  method. The 
d r i l l  s t r i n g  r e f e r e n c e  i n f o r m a t i o n  a l l o w s  
t h e  d r i l l  s t r i n g  t o  b e  p r o p e r l y  o r i e n t e d  
t o  keep t h e  h o l e  a l o n g  t h e  p rope r  w e l l  
pa th .  

During t h e  c o u r s e  of d r i l l i n g  t h e  
d i r e c t i o n a l  d r i l l i n g  e n g i n e e r  de te rmined  
t h e  c h a r a c t e r i s t i c s  of  e a c h  b e n t  hous ing  
assembly  i n  a n  a t t e m p t  t o  f i n d  one t h a t  
would g i v e  a s  c l o s e  t o  a  0.34-rad/100 m 
(6'1 100 f t )  b u i l d  r a t e  a s  p o s s i b l e .  I n  

g e n e r a l ,  i t  was found t h a t  no assembly  
gave  t h i s  a n g l e - b u i l d  r a t e ,  s o  t h e  occa-  
s i o n a l  chang ing  of  h o u s i n g s  was r e q u i r e d .  
However, i t  was o f t e n  p o s s i b l e  t o  program 
t h e  d r i l l i n g  so  t h a t  hous ings  were 
changed when a  b e a r i n g  package o r  u n i v e r -  
s a l  j o i n t  had r eached  t h e  end of i t s  
u s e f u l  l i f e  o r  when a  p i p e  t r i p  was 
r e q u i r e d  f o r  sonie o t h e r  r eason .  T h i s  
c o n s t a n t  p r e p l a n n i n g  of  t h e  d r i l l i n g ,  t h e  
use  o f  gradual .  h o l e  c o r r e c t i o n s ,  and t h e  
method of  a l l o w i n g  e a c h  hous iqg  t o  b u i l d  
a n g l e  a t  i t s  n a t u r a l  r a t e  a c t u a l l y  r e -  
duced t h e  "dog legs"  ( s h a r p  a n g l e  changes )  
i n  EM-19 compared t o  d i r e c t i o n a l  h o l e s  
d r i l l e d  p r e v i o u s l y .  Of t h e  16 p i p e  t r i p s  
made d u r i n g  p i l o t  h o l e  d r i l l i n g ,  4 were 
made because  of  l o s t  c i r c u l a t i o n ,  5 be- 
c a u s e  of  Dyna-Dril l  f a i l u r e s ,  and 
2  because  of  f a i l u r e s  of  o t h e r  equipment.  
The r e n a i n i n g  f i v e  t r i p s  were made e x c l u -  
s i v e l y  t o  change b e n t  hous ings .  However, 
a  t o t a l  of  10 changes  of hous ings  were 
made, s o  t h a t  t h e  hous ing  changes  were 
doubled  up w i t h  o t h e r  o p e r a t i o n s  a b o u t  
one-hal f  of  t h e  t ime.  

The EM-19 p i l o t  h o l e  was d r i l l e d  
w i t h o u t  s i d e t r a c k s  o r  p lugbacks  b e i n g  r e -  
q u i r e d  by t h e  h o l e  go ing  o f f  cour se .  
There was o n l y  one s e c t i o n  of  h o l e  w i t h  
s e v e r e  dog legs .  T h i s  took p l a c e  from 
330 t o  355 m (1,085-1,165 f t )  measured 
d e p t h  (MD) ( f i g .  2 )  and was caused  by t h e  
backof f  and r o t a t i o n  of  a j o i n t  of  t h e  BQ 
d r i l l  p i p e  above t h e  Dyna-Dri l l ,  which 
r o t a t e d  t h e  Dyna-Dril l  t o o l  f a c e .  T h i s  
p o r t i o n  of  t h e  h o l e  was d r i l l e d  o f f  
c o u r s e  between 331 and 3 4 3 m  (1,065- 
1,125 f t )  MD and t h e  s u b s e q u e n t l y  r e -  
q u i r e d  s h a r p  w e l l  p a t h  c o r r e c t i o n  caused  
t h e  dog leg  s e c t i o n  t o  c o n t i n u e  t o  355 m 
(1 ,165  f t )  MD. The d o g l e g s  i n  t h i s  s e c -  
t i o n  r a n  f r o n  0.57 t o  0.80 r ad /100  m 
(10"-14'/100 f t ) .  F o r t u n a t e l y ,  no prob- 
lems were e n c o u n t e r e d  e i t h e r  i n  r e a n i n g  
t h e  h o l e  o r  i n  runn ing  c a s i n g  th rough  
t h i s  s e c t i o n  of  t h e  h o l e .  



FIGURE 8. - Strata-Pax bit, 76-mm (3-in), type 128181. Bit length 15 cm (5.9 in). 

D r i l l i n g  Ra tes  and B i t  Performance 

Because of  t h e  c o n t r o l  t e c h n i q u e s  
used,  i t  was p o s s i b l e  t o  de te rmine  and 
t h e n  s t a y  a t  t h e  optimum f low r a t e  and 
pump p r e s s u r e  through t h e  Dyna-Drill t o o l  
t o  g i v e  t h e  maximum d r i l l i n g  r a t e .  Ear ly  
i n  t h e  d r i l l i n g  o p e r a t i o n  i t  was found 
t h a t  t h e  5. 5-m3/h (24-gal lmin)  and 3,500- 
kPa ( k i l o p a s c a l )  (500- lb / in2g)  v a l u e s  
recommended by t h e  Dyna-Drill e n g i n e e r s  
were not  t h e  most e f f i c i e n t .  Table 1  
shows t h e  d i f f e r e n c e s  i n  p e n e t r a t i o n  
caused  by v a r y i n g  p r e s s u r e  and f low r a t e s  
th rough  t h e  t o o l .  Th i s  t a b l e  a l s o  con- 
p a r e s  t h e  performance c h a r a c t e r i s t i c s  of 
t h e  two t y p e s  of b i t s  used t o  d r i l l  t h e  
p i l o t  hole .  The f i r s t  S t ra ta -Pax  b i t  
( a  b i t  u s i n g  t u n g s t e n  c a r b i d e  d i s k s  i m -  
p regna ted  w i t h  diamond d u s t ) ,  ( f i g .  8 )  

averaged 40.5 min/m (12.3  m i n l f t )  between 
15 and 135 m (50-442 f t )  MD, with  f low 
r a t e s  v a r y i n g  g r e a t l y  from 5.5 t o  13 m3/h 
(24-57 g a l l r n i n ) ,  and pump p r e s s u r e s  vary-  
i n g  from 2,750 t o  4,800 kPa (400-700 l b /  
i n 2 g ) .  The most common f low r a t e  d u r i n g  
t h i s  p e r i o d  was 9.1 m3/h (40 g a l /  min) 
and t h e  most common p r e s s u r e  was 3 ,450 t o  
4,100 kPa (500-600 1 b / i n 2 g ) .  From 135 t o  
162 m (422 t o  530 f t )  MD t h e  pa ramete r s  
were h e l d  r e l a t i v e l y  c o n s t a n t  a t  
3,450 kPa (500 l b / i m 2 g ) ,  and 5.5 t o  
7.5 m3/h (24-33 ( g a l / m i n ) .  Th i s  gave t h e  
lowes t  p e n e t r a t i o n  r a t e s  exper ienced  i n  
a l l  of t h e  p i l o t  h o l e  d r i l l i n g .  The 
v a l u e s  of 9.5 n3/h (42 g a l / n i n )  and 3,450 
t o  8 ,900 kPa (500  t o  900 ~ b / i n ~ ~ )  were 
f i n a l l y  dec ided  .upon a s  be ing  t h e  most 
e f f i c i e n t .  
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FIGURE 9. - Diamond bit. Type 147496, 76-mm (3-in) diameter. 

It should be  noted t h a t  t h e  use of 
f low r a t e s  h i g h e r  t h a n  f o r  which t h e  t o o l  
was des igned r e s u l t s  i n  a cor responding  
i n c r e a s e  i n  t h e  s t r e s s e s  on t h e  b e a r i n g s ,  
u n i v e r s a l  j o i n t s ,  and s h a f t s .  This means 
t h a t  f a i l u r e  and replacement  of t h e s e  
components w i l l  happen n o r e  o f t e n .  It 
was f e l t  t h a t  dur ing  p i l o t  h o l e  d r i l l i n g  
t h e  t imesaving f r o n  i n c r e a s e d  penetra-  
t i o n  made t h e s e  c o s t s  a c c e p t a b l e .  How- 
e v e r ,  d u r i n g  h o r i z o n t a l  d r i l l i n g  i n  c o a l ,  
where a p ipe  t r i p  o f t e n  took a s  long a s  
12 hours ,  and where t h e  t o o l  could  d r i l l  
n e a r l y  a s  f a s t  (0.15-0.6 m/min o r  0.5- 
2.0 f t / m i n )  a t  5.5 m3/h (24  g a l l m i n ) ,  as 
a t  11 m3/h (48  g a l l m i n ) ,  t h i s  l o s s  of 
t o o l  l i f e  w a s  no t  c o n s i d e r e d  a c c e p t a b l e .  

It can  be  seen  from t a b l e  2  t h a t  t h e  
Stra ta-Pax b i t s  g e n e r a l l y  d r i l l e d  more 
e f f e c t i v e l y  i n  s o f t  fo rmat ions  ( s h a l e s )  

than  diamond b i t s .  The diamond b i t s  
( f i g .  9) d r i l l e d  b e t t e r  i n  t h e  ha rd  f o r -  
mat ions  such a s  l i m e s t o n e s  and sandstone.  
O v e r a l l ,  t h e  e f f i c i e n c y  of t h e  two b i t  
types  w a s  comparable and t h e  cho ice  of 
one over  t h e  o t h e r  would b a s i c a l l y  be a 
m a t t e r  of c o s t .  Table  3  shows t h e  d i s -  
t a n c e s  d r i l l e d  and n e t  c o s t  f o r  each o f  
t h e  76-m (3- in)  d i a m e t e r  h i t s  used i n  
b o t h  p i l o t  and h o r i z o n t a l  d r i l l i n g .  The 
average per  meter c o s t  of a  St ra ta-Pax 
b i t  i n  p i l o t  h o l e  d r i l l i n g  was roughly 
$6.50 ( $ 1 . 9 8 / f t ) .  The diamond b i t  c o s t  
per meter cannot  be  determined e x a c t l y  
bu t  i t  would h e  between $2.00 and $6.50 
($0.61-$1.98/ft). Th i s  i n d i c a t e s  t h a t  
diamond b i t s  were more econonica l  ( s imi -  
l a r  r e s u l t s  can be seen when comparing 
t h e  b i t s  i n  h o r i z o n t a l  d r i l l i n g  i n  
c o a l ) .  



TABLE 2. - S e l e c t e d  p e n e t r a t i o n  r a t e s  v e r s u s  f o r m a t i o n  t y p e s  

TABLE 3. - B i t  c o s t s - - p i l o t  and h o r i z o n t a l  h o l e s  

d a t e  

STRATA-PAX. TYPE 128181. SN-8S46823 

a--- - - -- 
D r i l l i n g  

-- r a t e  - 
min/m min/ f  t 
112.9 34.4 

23.6 7.2 
26.2 8.0 
17.1 5.2 
24.3 7.4 
17.7 5.4 
35.4 10.8 
24.6 7.5 
18.7 5.7 
3.3 1.0 

--- - 
B i t  t y p e  

. 
S t r a t a - P a x  1 

Do.. . . . . . . 
Do.. . . . . . . 
Do... . . . . .  

Diamond.. . . . 
Do... . . . . .  
Do.. . . . . . . 
Do... . . . . .  

S t r a t a - P a x  2 
Do........ - 

- - -- 
D i s t a n c e  

on  b i t  

4- 

November 19781  1,929.501  one 1 1,929.501 - '15- 312 1 ---- '50- 1 , 023r-197T--97316.56T-i.98 -- 
STRATA-PAX, TYPE 128181, SN-8S55183 

--- - - -- -- - - 
E s t i m a t e d  pump 

-- p r e s s u r e s  ---- 
k Pa ~ b / i n ~ ~  

3,406-" 500 
4,100-4,800 600-700 
4,100-4,800 600-700 
4,100-4,800 600-700 

6 ,200  900 
6 ,200  900 

4,500-4,800 650-700 
4,500-4,800 650-700 
4,500-4,800 650-700 
3,400-4,500 500-650 

-- - -- - - -- --- - - - -- 
Measured d e p t h  

-m 
27.4 
69.5 
75.3 

199.3 
5.2 

33.5 
42.7 
49.4 
46.3 
91.1 

- - - - --- - - - -- -- -- 

- -- -- --- 

Format i o n  

---.-A- 

Cement. 
Sha l e .  
Limestone.  
Sands tone .  
Sha l e .  
Limestone.  
Sha le .  
Limestone.  
Sha l e .  
Coal .  - 

ra 

. - -- - - -- 
36.6- 39.6 
78.6- 80.5 
84.4- 86 .3  

208.5-210.3 
317.0-320.0 
345.3-347.5 
354.5-355.7 
361.2-364.2 
437.4-439.5 
482.2-485.2 

f t  
90 

228 
247 
654 

17 
110 
140 
162 
152 
299 

-- 
f t 

---- 
120- 130 
258- 264 
277- 283 
684- 690 

1,040-1,050 
1,133-1,140 
1,163-1,167 
1,185-1,195 
1,435-1,442 
1,582-1,592 

l1,283-1,652 
'1,597-1,872 
'2,392-3,362 

1 ,847 .25  

----. 

DIAMOND 3-INCH SHALLOW CONE, TYPE 147496, SN-8S54001 

'391- 504 
"87- 571 
"29-1,025 

------- 

I J a n u a r y  1979. 1,376.98 

- ------a 

'312- 391 
2571- 802 
'674- 729 

'1 ,023-1,283 
'1,872-2,632 
'2,212-2,392 

644.06 

=OND   INCH DEEP C O N E T Y P  1474g4, S N - ~ S ~ ~ O O O - -  

732.92 

( 4 )  931.08 

---- 

495.92 

- DIAMOND 3-INCH SHALLOWCONE TYPE 20-186-037s ~ ~ - 9 ~ 5 2 E 3  
August  1979.. 1 ,737.45 978.37 757.08 3827- 833  32,712-2,732 1 ,992  

7583- 740 71,912-2,428 
7717- 752 72,352-2,465 
8501- 562 81,642-1,842 

- ----- - - --- - --- -- ---- - 8552- 702 81,812-2,302 

--- 

I- 
------ DIAMOND 3-INCH sGKL~W-CONETYPE 20-186-0373, S N - 9 ~ 4 9 7 4 7  
June  1979.. .7--=0.63 '0 1 ,770 .63  3549- 702 31,802-2,302 233 

--- -- --- -.---- 3610- 691 32,002-2,266 -- 
--- .--------- ALL BITS 

T o t a l  o r  
Average.  

3498- 549 
5498-1 ,399 
6833-1,464 

31,632-1,802 
51,632-4,588 
'2,732-4,802 

NAp Not a p p l i c a b l e .  
l p i l o t  h o l e .  
2 ~ o r i z o n t a l  h o l e ,  H1. 
3 ~ o r i z o n t a l  h o l e ,  H Z .  
4 ~ o s t  i n c l u d e d  w i t h  f o l l o w i n g  b i t .  
5 ~ o r i z o n t a l  h o l e ,  H3. 
'1nsuf f i c i e n t  r e c o r d s  t o  d e t e r m i n e  which of  t h e s e  two b i t s  d r i l l e d  t h e s e  i n t e r v a l s .  
7 ~ o r i z o n t a l  h o l e ,  H4. 
8 ~ o r i z o n t a l  h o l e ,  H5. 
 it l o s t  i n  h o l e .  

7 , 553 ,30  10,086.81 2,553.51 



D r i l l i n g  Summary 

The d i r e c t i o n a l  p i l o t  h o l e  was begun 
o n  November 9 ,  1978,  a t  a  d e p t h  of 15 m 
(50  f t )  and was comple ted  on Decem- 
b e r  19 ,  1975,  a t  a  t o t a l  measured d e p t h  
of  504 m (1 ,652  f t ) .  D r i l l i n g  was done 
24 h o u r s  p e r  day on weekdays and t h e  job 
was s h u t  down on a l l  b u t  one weekend. 
The p i l o t  h o l e  d r i l l i n g  o p e r a t i o n  was 
comple ted  i n  965 h o u r s  ( o r  40 c a l e n d a r  
d a y s ) .  Of t h i s  t ime 240 h o u r s  were o f f  
d a y s ,  262.5 h o u r s  were s p e n t  d r i l l i n g ,  
8 6  h o u r s  s u r v e y i n g ,  38 h o u r s  i n  normal 
ma in tenance ,  43 hours  t r i p p i n g  p i p e  t o  
change b e n t  h o u s i n g s ,  and 295.5 h o u r s  
were downtime ( a p p e n d i x  A). The a c t u a l  
t ime r e q u i r e d  t o  d r i l l  t h e  p i l o t  h o l e  was 
t h e  sum o f  a l l  of  t h e s e  e x c e p t  t h e  down- 
t ime  and t h e o f f  days ,  o r  a  t o t a l o f  
429.5 h o u r s  ( a b o u t  18 d a y s ) .  The a v e r a g e  
d r i l l i n g  r a t e  was 28 m/d ( 9 2  f t l d ) .  

Problems were e n c o u n t e r e d  i n  t h e  
p i l o t  d r i l l i n g  w i t h  t h e  mud pumps, t h e  
r i g ,  t h e  Dyna-Dri l l ,  t h e  d r i l l  p i p e ,  and 
w i t h  l o s t  c i r c u l a t i o n .  The mechan ica l  
problems,  e s p e c i a l l y  t h o s e  of t h e  mud 
pumps, were p r i m a r i l y  t h o s e  no rmal ly  t o  
b e  e x p e c t e d  i n  b r e a k i n g  i n  new equipment 
and were minor ( append ix  A). However, 
a b o u t  87 h o u r s  were l o s t  b o t h  d i r e c t l y  
and i n d i r e c t l y  t o  l o s t  c i r c u l a t i o n .  
Although t h i s  r e p r e s e n t s  o n l y  9% of  t h e  
t o t a l  t ime s p e n t  i n  p i l o t  h o l e  d r i l l i n g  
i t  was an  i n d i c a t i o n  of g r e a t e r  l o s t -  
c i r c u l a t i o n  d i f f i c u l t i e s  ahead i n  t h e  
reaming o p e r a t i o n .  Also ,  n o t  o n l y  was 
l o s t  c i r c u l a t i o n  e x p e n s i v e  i n  p r o j e c t  
h o u r s  b u t  t h e  c o s t s  f o r  wa te r  and mud 
were a l s o  e x t r e m e l y  h i g h  ($31,000 f o r  
p i l o t  h o l e  d r i l l i n g ) .  The problem con- 
t i n u e d  d u r i n g  t h e  reaming o p e r a t i o n .  

The d r i l l i n g  f l u i d  o r i g i n a l l y  used 
was a  D e x t r i d  and XC Polymer mud 
( f i g .  10)  des igned  t o  d e c r e a s e  f l u i d  
l o s s ,  t o  b e  low i n  s o l i d s ,  and t o  a c t  a s  
a  g e l  t o  a i d  i n  c u t t i n g s  removal. T h i s  
t y p e  of  mud had proven t o  be  v e r y  e f f e c -  
t i v e  d u r i n g  t h e  d r i l l i n g  of t h e  Mather 

d i r e c t i o n a l  h o l e .  However, t h e  l o s t -  
c i r c u l a t i o n  zones  i n  EM-19 proved t o  be  
t o o  much f o r  t h e  mud's s e a l i n g  c a p a b i l i -  
t i e s .  I n  o r d e r  t o  s low down f l u i d  l o s s ,  
such  a d d i t i v e s  a s  c o t t o n s e e d  h u l l s ,  c e l l -  
ophane f l a k e s ,  and ground walnut  s h e l l s  
were pu t  i n  t h e  mud. A l l  were l o s t  i n  
t h e  h o l e .  The p i l o t  h o l e  d r i l l i n g  was 
comple ted  u s i n g  e s s e n t i a l l y  pure wa te r  
w i t h  l i t t l e  o r  no c i r c u l a t i o n .  

At tempts  were a l s o  made t o  t r e a t  t h e  
l o s t - c i r c u l a t i o n  problem w i t h  cement and 
l a t e r  w i t h  "gunk squeezes ."  Two cement 
p lugs  were s e t  i n  t h e  f i r s t  34 m (110 f t )  
of t h e  h o l e ,  b u t  t h e y  were d i f f i c u l t  f o r  
t h e  Dyna-Dril l  t o  d r i l l  t h rough  and were 
no t  e f f e c t i v e ,  so  t h e i r  f u r t h e r  use  was 
abandoned. A gunk squeeze  c o n s i s t s  of 
punping o r  pour ing  a  s l u r r y  of powdered 
b e n t o n i t e  c l a y ,  d i e s e l  f u e l ,  and (some- 
t i m e s )  c o t t o n s e e d  h u l l s  i n t o  t h e  h o l e .  
When t h e  s l u r r y  comes i n  c o n t a c t  w i t h  
wa te r  (presumably  i n  t h e  f r a c t u r e s  of t h e  
f o r m a t i o n  t a k i n g  f l u i d ) ,  t h e  b e n t o n i t e  
s w e l l s  and t h e  s l u r r y  expands  t o  become a  
h i g h l y  v i s c o u s  g e l  t h a t  i s  d i f f i c u l t  t o  
move. The gunk squeezes  were c o n t i n u e d  
r e g u l a r l y  th rough  t h e  p i l o t  h o l e  d r i l l i n g  
o p e r a t i o n  and i n  t h e  reaming o p e r a t i o n .  
They h e l p e d  t o  r e d u c e  f l u i d  l o s s e s ,  b u t  
d i d  n o t  c o m p l e t e l y  s h u t  o f f  t h e  problem 
zones. 

A f t e r  t h e  p i l o t  h o l e  was comple ted ,  
a  s t r i n g  of  used  BCQ w i r e l i n e  rod ( s i m i -  
l a r  t o  BQ r o d )  was r u n  i n  t h e  h o l e ,  t o  b e  
used a s  a  gu ide  s t r i n g  f o r  overreaming 
b i t s  t h a t  opened t h e  h o l e  t o  222 mm (8- 
314-in) i n  d i a m e t e r .  

A gamma-ray l o g  of  t h e  h o l e  was a l s o  
run  th rough  t h e  g u i d e  s t r i n g  b e f o r e  t h e  
reaming o p e r a t i o n  was begun. Th i s  l o g  
was i n t e r p r e t a t e d  t o  show t h a t  t h e  h o l e  
had e n t e r e d  t h e  t o p  of t h e  P i t t s b u r g h  
coa lbed .  When h o r i z o n t a l  d r i l l i n g  was 
begun i t  was found t h a t  t h e  h o l e  was 
a c t u a l l y  0.5 t o  1 m ( 2  t o  3  f t )  above t h e  
coa lbed .  

' l ~ h i r d  work c i t e d  in footnote 3. 



FIGURE 10. - Mixing Dextrid-Polymer mud  for pilot hole drilling. Sacks of Dextrid at left, FWI 
pumps at center, and Gardner-Denver pump at right. 

Reaming 

Reaming was begun on January  8 ,  
1979. Opera t ions  were c a r r i e d  o u t  on a 
24-h b a s i s  w i t h  weekend shutdowns. A 
s t r i n g  of 25.4-mn (1 - in )  p i p e  was f i r s t  
r u n  i n s i d e  t h e  BCQ rod ,  i n s t a l l e d  e a r -  
l i e r ,  t o  s t i f f e n  it. The reaming was 
done us ing  a r e n t e d  s t r i n g  of 89-mm (3- 
112-in) d i a m e t e r  d r i l l  p i p e  wi th  I. F. 
connec t ions .  Both S t ra ta -Pax  and diamond 
d r i l l  b i t s  were used ( f i g .  11). The 
f i r s t  reaming b i t s  (two of an  e v e n t u a l  
f i v e )  used were 222-nm 0.d. by 63-mm i .d .  
(8-314 by 2-112 i n ) .  

o p e r a t i o n .  The a d d i t i v e s  i n c l u d e d  c o t -  
tonseed h u l l s ,  c e l l o p h a n e  f l a k e s ,  and 
ground walnut  s h e l l s .  The S t ra ta -Pax  b i t  
used t o  b e g i n  t h e  reaming was des igned t o  
a l l o w  t h e  c i r c u l a t i o n  of l a r g e  p i e c e s  
of s o l i d  l o s t - c i r c u l a t i o n  m a t e r i a l  
( f i g .  11).  I n  s p i t e  of t h e  p r e c a u t i o n s  
t aken  t o  p reven t  l o s t  c i r c u l a t i o n ,  a l l  of 
t h e  30 m3/h (130 g a l l m i n )  mud volume 
b e i n g  pumped was b e i n g  l o s t  by t h e  t ime 
t h e  h o l e  had been overreamed t o  12 m 
(40 f t )  MD. The h o l e  was t h e n  d r i l l e d  
b l i n d  ( w i t h o u t  c i r c u l a t i o n )  f o r  s e v e r a l  
days  u n t i l  reaming reached a measured 
dep th  of 62 m (205 f t ) .  

Los t  C i r c u l a t i o n  I n  a n  e f f o r t  t o  permanent ly  s t o p  t h e  
l o s t - c i r c u l a t i o n  problem encoun te red  n e a r  

Because of t h e  problem of l o s t  c i r -  t h e  s u r f a c e ,  t h e  upper 35 m (115 f t )  MD 
c u l a t i o n  exper ienced  i n  t h e  p i l o t  h o l e  of t h e  h o l e  were reamed t o  a 254-mm 
d r i l l i n g ,  a h i g h  v i s c o s i t y  b e n t o n i t e  (10- in)  d i a m e t e r  and a n  a t t e m p t  was made 
( g e l )  nud w i t h  l o s t - c i r c u l a t i o n  a d d i t i v e s  t o  run  245-m (9-518-in) d i a m e t e r  c a s i n g  
was used a t  t h e  s t a r t  of t h e  overreaming t o  34 m (110 f t )  MD t o  s h u t  o f f  what was 



FIGURE 11. - Reaming bits. Strata-Pax a t  lef t  shows matrix damage after d r i l l i ng  83 rn (273 ft). 

b e l i e v e d  t o  be t h e  main problem zone a t  
27 t o  31 m (90-100 f t )  MD. The c a s i n g  
w a s  welded t o  e l i m i n a t e  t h e  l a r g e r  diam- 
e t e r  o f  t h e  c a s i n g  c o l l a r s .  The pipe  
hung up i n  t h e  ho le  a t  27 m (88 f t )  MD 
and a  f i s h i n g  o p e r a t i o n  was r e q u i r e d  t o  
remove i t  from t h e  hole.  A t  t h e  same 
t i m e  as t h e  f i s h i n g  o p e r a t i o n ,  t h e  turbo-  
c h a r g e r  of t h e  r i g  malfunct ioned and i t  
had t o  be rep laced .  It was not u n t i l  
January  30, 1979, t h a t  t h e  r i g  was re-  
p a i r e d  and t h e  c a s i n g  removed from t h e  
h o l e ,  Once t h i s  was accomplished t h e  
h o l e  was a g a i n  reamed, t h i s  time t o  
2 7 9 m  (11 i n )  i n  d iamete r  t o  a dep th  of 
36.6 n (120 f t )  and 245-mm (9-518-in) 
d iamete r  c a s i n g ,  w i t h  c o l l a r s ,  was s e t  a t  
a  d e p t h  of 34 m (111 f t ) .  

T h i s  c a s i n g  d i d  n o t  s o l v e  t h e  l o s t  
c i r c u l a t i o n  problem and b l i n d  d r i l l i n g  

was con t inued  u n t i l  a  measured dep th  o f  
101 m (331 f t )  MD was reached. A t  t h a t  
time t h e  v a l v e s  of t h e  Gardner-Denver 
5x10 FCFXD duplex pump r e q u i r e d  r e p l a c e -  
ment and s i n c e  new v a l v e s  were not imme- 
d i a t e l y  a v a i l a b l e  a  s w i t c h  was made t o  
a i r  and foam d r i l l i n g .  I n  a d d i t i o n ,  a t  
83 m (273 f t )  MD t h e  m a t r i x  m a t e r i a l  of 
t h e  f i r s t  b i t  ( t h e  S t ra ta -Pax  b i t )  began 
t o  come a p a r t  and i t  was rep laced  by a  
diamond b i t  ( f i g ,  11 shows t h e  Stra ta-Pax 
b i t  a f t e r  i t  began t o  come a p a r t  and t h e  
diamond b i t  j u s t  b e f o r e  i t  went i n  t h e  
ho le ) .  Overreaning wi th  foam was con- 
t i n u e d  u n t i l  a measured dep th  of 147.5 m 
(484 f t )  MD was reached ,  a l t h o u g h  t h e  use  
of foam d i d  no t  a d e q u a t e l y  l u b r i c a t e  o r  
c o o l  t h e  b i t s .  A t  147.5 m (484 f t )  MD, 
when t h e  new pump v a l v e s  had been 
rece ived  and i n s t a l l e d ,  a n o t h e r  a t t e m p t  
was made t o  d r i l l  w i t h  mud. This  time a  



s a l t - s a t u r a t e d  mud was used t o  p reven t  
t h e  p i t s  from f r e e z i n g .  Again c i r c u l a -  
t i o n  was immediate ly  l o s t .  The u s e  of 
gunk squeezes ,  which had reduced f l u i d  
l o s s e s  d u r i n g  p i l o t  h o l e  d r i l l i n g ,  was 
r e i n s t i t u t e d .  These t r e a t m e n t s  sometimes 
h e l p e d  f o r  s h o r t  p e r i o d s  of t ime ,  a  few 
hours  o r  a s  much a s  a  day,  bu t  o f t e n  were 
comple te ly  i n e f f e c t i v e .  

F i s h i n g  Operat  i o n s  

The u s e  of gunk squeezes  e v e n t u a l l y  
l e d  t o  BCQ rod be ing  s t u c k  i n s i d e  t h e  
d r i l l  p ipe .  At tempts  t o  f r e e  t h e  BCQ 
from t h e  d r i l l  p i p e  caused bo th  t h e  
25.4-mm (1- in)  p i p e  and t h e  BCQ rod t o  
back o f f  (unscrew) i n  t h e  h o l e  and a  
number of f i s h i n g  t r i p s  over  a  2-day 
p e r i o d  were r e q u i r e d  t o  o b t a i n  a  con t inu-  
ous  s t r i n g  of 25.4-mm (1- in )  p i p e  t o  t h e  
s u r f a c e .  The BCQ had backed o f f  a t  about  
90 m (300 f t ) ,  b u t  no a t t e m p t  was made t o  
screw i n t o  t h e  BCQ r o d ,  s i n c e  t h e  25.4-mm 
(1- in )  p i p e  was con t inuous  t o  t h e  

On February  21, 1979,  a  new S t r a t a -  
Pax b i t  ( f i g .  12)  was r e c e i v e d  and was 
immediate ly  run i n  t h e  h o l e  t o  r e p l a c e  
t h e  diamond b i t  t h a t  had been worn o u t .  
The new b i t  began reaming a t  a  measured 
d e p t h  of 186.5 n (612 f t ) .  It had reamed 
o n l y  2.5 m ( 8  f t )  when t h e  b i t  crown 
s e p a r a t e d  from i t s  shank.  Because of t h e  
BCQ rod and 25.4-mm (1- in )  p i p e  i n  t h e  
h o l e ,  and t h e  f e a r  t h a t  t h e  p i l o t  h o l e  
would be l o s t  i f  t h a t  p i p e  were removed, 
a n  a t t e m p t  was made t o  g r i n d  up t h e  b i t  
crown w i t h  a  m i l l i n g  t o o l .  However, be- 
f o r e  t h e  m i l l  cou ld  r e a c h  t h e  b i t  crown 
i t  c u t  t h e  25.4-mm (1- in )  p i p e  i n  two and 
l e f t  a number of p i e c e s  of p i p e  s c a t t e r e d  
throughout  t h e  reamed p o r t i o n  of t h e  
h o l e .  

At tempts  t o  f i s h  t h e  25.4-mm (1- in )  
p i p e  were t h e n  begun and con t inued  wi th -  
o u t  s u c c e s s  u n t i l  a  t e l e v i s i o n  camera 
( f i g .  13) was brought  i n  and r u n  i n  t h e  
h o l e  on March 13 ,  1979. Using t h e  camera 
i t  w a s  p o s s i b l e  t o  f i n d  t h e  main s t r i n g  
of p i p e  and de te rmine  i t s  c o n d i t i o n .  On 
t h e  second f i s h i n g  a t t e m p t  a f t e r  s i g h t i n g  
t h e  t o p  of t h e  main s t r i n g  of t h e  25.4-mm 
(1- in )  p i p e ,  t h e  oversho t  t o o l  l a t c h e d  

o n t o  t h e  p i p e  and b o t h  t h e  main s t r i n g  of 
25.4-mm (1- in )  p i p e  and a l l  of t h e  BCQ 
rod i n  t h e  h o l e  were brought  ou t .  Four 
more days  were r e q u i r e d  t o  f i s h  s h o r t e r  
s e c t i o n s  of 25.4-mm (1- in )  p i p e  from t h e  
h o l e  u s i n g  a l t e r n a t i n g  o v e r s h o t  and cam- 
e r a  runs .  F i n a l l y ,  when most of t h e  
remaining p i p e  was below t h e  wa te r  l e v e l  
i n  t h e  h o l e  ( t h e  camera cou ld  n o t  g i v e  a  
u s a b l e  p i c t u r e  i n  w a t e r  because  of t h e  
suspended s o l i d s ) ,  a  s w i t c h  was made t o  
g r i n d i n g  t h e  p i p e  w i t h  a  m i l l  and f i s h i n g  
t h e  s m a l l  p i e c e s  ( f i g .  14)  w i t h  a  magnet. 
The l a s t  of t h e  d e b r i s  was removed from 
t h e  h o l e  on March 8 ,  1979. A s p e a r  w i t h  
sp r ing- loaded  l a t c h e s  ( f i g .  15) was 
used t o  r e t r i e v e  t h e  b i t  crown on 
March 30,  1979. 

Th i s  f i s h i n g  o p e r a t i o n  c o s t  26 work- 
i n g  days  ( 4 1  c a l e n d a r  d a y s )  and approx i -  
mate ly  $93,000. The d i r e c t  and i n d i r e c t  
l a b o r  c o s t s  t o t a l e d  $49,800 and t h e  c o s t s  
f o r  f i s h i n g  t o o l s  were $22,600. Had 
t h e r e  been no BCQ o r  25.4-mm (1- in)  p i p e  
i n  t h e  h o l e  t h e  crown could  have been 
f i s h e d  d i r e c t l y  u s i n g  t h e  s p e a r ,  a t  
g r e a t l y  reduced c o s t .  

Reaming With a  S t i n g e r  Assembly 

Reaming o p e r a t i o n s  were f i n a l l y  
resumed on A p r i l  4 ,  1979, u s i n g  a  s t i n g e r  
( f i g s .  12 and 16) t o  gu ide  t h e  b i t ,  
i n s t e a d  of t h e  p ipe  s t r i n g  t h a t  had 
been removed w h i l e  f i s h i n g  t h e  b i t  crown. 
The u s e  of a  s t i n g e r  soon proved t o  be a s  
e f f e c t i v e  a s ,  and f a r  s a f e r  t h a n ,  t h e  u s e  
of a  gu ide  s t r i n g .  No a t t e m p t  was made 
t o  run  t h e  gu ide  s t r i n g  a g a i n  and no 
problems were encoun te red  i n  t h e  use  of 
t h e  s t i n g e r s  . 

D r i l l i n g  Summary 

The reaming o p e r a t i o n  was completed 
on May 9 ,  1979. The o p e r a t i o n  took 
121 d a y s ,  of which 40 were o f f  days and 
26 were s p e n t  i n  f i s h i n g  f o r  t h e  b i t  
crown. The average  d r i l l i n g  r a t e  was 
approx imate ly  1  m/h (3.4 f t / h ) .  However, 
t h e  o v e r a l l  d r i l l i n g  r a t e  when f i s h i n g ,  
downtime, and o f f  days a r e  i n c l u d e d ,  
d rops  t o  l e s s  t h a n  0.2 m/h (0.6 f t / h ) .  
The average  b i t  c o s t  p e r  meter  was $46.90 
( $ 1 4 . 9 0 / f t )  ( t a b l e  4 ) .  
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FIGURE 12. - Flat- faced Strata-Pax reamer and stinger. Stinger diameter is 63 rnm 

(2-1/2 in). 



FIGURE 13. - Television camera. L igh t  source in left  foreground. 

FIGURE 14. - Debris fished from EM-19. Long pieces were picked up by overshof and small 
pieces by magnet. 
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Casing and Cementing 

The h o l e  was c a s e d  on May 10,  1979, 
u s i n g  486 m (1 ,595 f t )  of 140-m (5- 
112-in) o.d.,  K-55 g r a d e ,  range 2,  LT&C 
c a s i n g .  The c a s i n g  r a n  f r e e l y  t o  a  dep th  
o f  442 m (1 ,450 f t ) .  Below t h a t  p o i n t  i t  
was n e c e s s a r y  t o  f i l l  t h e  c a s i n g  wi th  
w a t e r  t o  reduce i t s  buoyancy, and t o  use  
t h e  r i g  t o  push t h e  c a s i n g  t o  t h e  d e s i r e d  
dep th .  The n e x t - t o - l a s t  j o i n t  of c a s i n g  
r e q u i r e d  a  down p r e s s u r e  of 57,800 11 
(13,000 l b )  and t h e  l a s t  j o i n t  r e q u i r e d  a  
down p r e s s u r e  of 8 ,900 N (2 ,000 l b ) .  
F i f t e e n  c e n t r a l i z e r s  were a l s o  r u n  i n  t h e  
h o l e ,  most of them on t h e  bottom 91 m 
(300 f t ) ,  t o  i n s u r e  a  uniform cement 
s h e a t h  around t h e  p i p e  i n  o r d e r  t o  pro- 
v i d e  a good s e a l .  

The cementing o p e r a t i o n  was com- 
p l e t e d  on May 11,  1979. A t o t a l  of 
9.6 m 3  (340 s a c k s )  of Pozzolan cement 
were used,  wi th  g i l s o n i t e  added t o  
d e c r e a s e  t h e  cement d e n s i t y  and h e l p  pre-  
v e n t  t h e  l o s t - c i r c u l a t i o n  zones from tak-  
i n g  a l l  of t h e  cement. Good cement 
r e t u r n s  were o b t a i n e d  a t  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  cementing o p e r a t i o n  
was s u c c e s s f u l .  On May 16 t h e  bottom 
h o l e  plug was d r i l l e d  o u t ,  u s i n g  a  s t r i n g  
o f  60-mm (2-318-in) d r i l l  p i p e  and a  rock 
b i t ,  i n  p r e p a r a t i o n  f o r  t h e  h o r i z o n t a l  
d r i l l i n g .  

H o r i z o n t a l  D r i l l i n g  

H o r i z o n t a l  d r i l l i n g  wi th  t h e  Dyna- 
D r i l l  was begun on May 17 ,  1979. It was 
planned i n i t i a l l y  t o  d r i l l  j u s t  enough 
h o l e  t o  d r i l l  s l i g h t l y  p a s t  t h e  v e r t i c a l  
dewate r ing  h o l e  EM-20 ( f i g .  17) .  D r i l l -  
i n g  was then  t o  be suspended and a  
h y d r a u l i c  s t i m u l a t i o n  t r e a t m e n t  done on 
EM-20. The h o r i z o n t a l  h o l e  was d r i l l e d  
t o  528 m (1 ,732 f t )  MD on May 23, s l i g h t -  
l y  p a s t  EM-20. The dewate r ing  h o l e  was 
s t i m u l a t e d  on May 25 wi th  a  70.5-m3 
(21,000-gal )  foam t r e a t m e n t  c o n t a i n i n g  
11,800 kg (26,000 l b )  of  20140-mesh sand 
propping agen t .  This  procedure  was 
des igned  t o  p rov ide  a  p a t h  f o r  i n c r e a s e d  
f low of  wa te r  t o  t h e  v e r t i c a l  dewater-  
i n g  h o l e  EM-20 by p r o v i d i n g  a  d i r e c t  

h igh-permeab i l i ty  connec t ion  between t h e  
h o r i z o n t a l  h o l e s  and EM-20. 

C u t t i n g s  from t h e  p i l o t  h o l e  d r i l l e d  
i n  December 1975 and i n t e r p r e t a t i o n  of 
t h e  gamma-ray l o g  run  a t  t h e  same t ime 
i n d i c a t e d  t h a t  t h e  d i r e c t i o n a l  h o l e  had 
e n t e r e d  t h e  t o p  of t h e  P i t t s b u r g h  coa lbed  
a t  abou t  486 m (1 ,595  f t )  MD. This  p o i n t  
had t h e r e f o r e  been chosen f o r  t h e  bottom 
of c a s i n g .  The i n i t i a l  h o r i z o n t a l  d r i l l -  
i n g  i n d i c a t e d  t h a t  t h e  i n t e r p r e t a t i o n  had 
been i n c o r r e c t .  It was found n e c e s s a r y  
t o  d rop  v e r t i c a l l y  through approx imate ly  
0.6 n ( 2  f t )  o f  roof rock t o  e n t e r  t h e  
main bench of t h e  coa lbed .  Reeva lua t ion  
of t h e  gamma-ray log  i n  l i g h t  of t h e  
a d d i t i o n a l  d r i l l i n g  i n f o r m a t i o n  i n d i c a t e d  
t h a t  t h e  p i l o t  h o l e  probably  had been 
d r i l l e d  through t h e  r i d e r  c o a l  above t h e  
P i t t s b u r g h ,  i n t o  t h e  roof s h a l e  d i r e c t l y  
above t h e  P i t t s b u r g h  coalbed and t h e n ,  
i n s t e a d  of e n t e r i n g  t h e  P i t t s b u r g h  c o a l  
t h e  h o l e  e i t h e r  r e e n t e r e d  t h e  roof c o a l  
o r  t e r m i n a t e d  i n  t h e  s h a l e .  Because of 
t h e  s i m i l a r i t y  i n  h a r d n e s s  and c o l o r  of 
t h e  s h a l e  and c o a l ,  t h e  boundary of t h e  
roof c o a l  and s h a l e  was n o t  even no ted  a t  
t h e  t ime by t h e  d r i l l e r .  Even a f t e r  com- 
p l e t i o n  of a l l  of  t h e  d r i l l i n g  and c l o s e  
s c r u t i n y  of t h e  o r i g i n a l  gamma-ray l o g  i t  
i s  d i f f i c u l t  t o  make a n  i n t e r p r e t a t i o n  of 
t h e  e x a c t  sequence of rock t y p e s  
d r i l l e d .  

The e r r o r  proved t o  be  a  major prob- 
lem f o r  two reasons .  F i r s t ,  t h e  v e r t i c a l  
dewate r ing  h o l e  and t h e  d i r e c t i o n a l  h o l e  
had been placed s o  t h a t  f r a c t u r e s  from 
t h e  s t i m u l a t i o n  t r e a t m e n t  of t h e  coa lbed  
done i n  EM-20 would c r o s s  t h e  p a t h  of t h e  
h o r i z o n t a l  h o l e s  j u s t  beyond t h e  bottom 
of c a s i n g .  Since  t h e  h o r i z o n t a l  h o l e  was 
probably  i n  s h a l e  nea r  t h e  a n t i c i p a t e d  
p o i n t  of i n t e r c e p t  w i t h  t h e  s t i m u l a t i o n  
f r a c t u r e  ( f i g .  1 7 ) ,  d i r e c t  communication 
may n o t  have been achieved.  F igure  17 
i n d i c a t e s  t h a t  t h e  f r a c t u r e  i n t e r c e p t e d  
h o r i z o n t a l  h o l e  H1. However, t h e  uncer-  
t a i n t y  i n  t h e  p o s i t i o n  of EM-19 wi th  re -  
s p e c t  t o  EM-20 i s  s u f f i c i e n t  t h a t  t h e  
f r a c t u r e  could  e a s i l y  have c r o s s e d  t h e  
h o l e  where t h e  h o l e  i s  i n  rock.  Indeed,  
no sand was ever  s e e n  i n  t h e  c u t t i n g s  



from t h e  d i r e c t i o n a l  hole .  Secondly,  
t h i s  meant t h a t  t h e  i n i t i a l  p o r t i o n  of 
e a c h  h o r i z o n t a l  h o l e  was i n  rock  which 
had a  tendency t o  cave o r  s lough ,  r e s u l t -  
i n g  i n  p lugging of t h e  h o l e s .  The b e s t  
method of i n s u r i n g  t h a t  t h e  c a s i n g  
r e a c h e s  t h e  t a r g e t  coalbed i n  f u t u r e  
d i r e c t i o n a l  h o l e s  would be  t o  c o n t i n u e  
t h e  p i l o t  h o l e  a f t e r  r e a c h i n g  t h e  h o r i -  
z o n t a l ,  and t o  t h e n  d r i l l  s t e e p l y  down- 
ward u n t i l  t h e  bottom of t h e  coalbed i s  
reached.  Th i s  p o r t i o n  of t h e  h o l e  would 
conf i rm t h e  w e l l  p o s i t i o n  and would t h e n  
b e  abandoned d u r i n g  t h e  reaming and cas -  
i n g  o p e r a t i o n s .  
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Continuous d r i l l i n g  of t h e  f i r s t  
h o r i z o n t a l  l e g  H 1  ( f i g .  18) was begun on 
May 29, 1979. C lea r  wa te r  w a s  used a s  
t h e  d r i l l i n g  f l u i d  t o  e l i m i n a t e  any r i s k  
of mud a d d i t i v e s  p lugging t h e  coalbed 
f r a c t u r e  system. However, t h e  use  of 
c l e a r  water  l e d  t o  t h r e e  problems. The 
f i r s t  and most i m p o r t a n t  was t h a t  t h e  low 
v i s c o s i t y  of wa te r  made removal of d r i l l  
c u t t i n g s  from t h e  h o l e  more d i f f i c u l t .  
The problem was made more a c u t e  by 
the  low flow r a t e s  r e q u i r e d  by t h e  
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FIGURE 17. - Plan and section views of geometry of EM-19 near the bottom of casing. EM-20 
location also shown. 



was completed,  and remained a t  t h a t  r a t e  
w h i l e  h o l e s  H2 and H3 were d r i l l e d .  
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Dyna-Drill.  The f low rates were in-  
c r e a s e d  from 5.5 t o  9.0 m.?/h (24- 
40 gal /min)  and e v e n t u a l l y  t o  a s  h i g h  a s  
13.6 m3/h (60 ga l /min) .  Th i s  i n c r e a s e  i n  
f low r a t e  e v e n t u a l l y  l e d  t o  problems wi th  
Dyna-Dril l  t o o l  l i f e .  

A second problem encountered when 
u s i n g  clear water was f l u i d  l o s s .  Th i s  
problem e s s e n t i a l l y  could no t  be so lved  
w i t h o u t  t h e  r i s k  of damaging t h e  coa l -  
b e d ' s  n a t u r a l  f r a c t u r e  p e r m e a b i l i t y  and 
d e c r e a s i n g  f u t u r e  methane g a s  f low r a t e s .  
F l u i d  l o s s e s  as h igh  as 57 m3/d 
(15,000 g a l / d )  were exper ienced  b e f o r e  H1 

The t h i r d  problem was t h e  r i s k  of 
t h e  f r e s h  wate r  caus ing  s loughing  of 
wa te r  s e n s i t i v e  c l a y s  i n  t h e  s h a l e s ,  
l o c a t e d  d i r e c t l y  above t h e  coa lbed ,  which 
were o c c a s i o n a l l y  d r i l l e d  through. Th is  
problem d i d  no t  become apparen t  imme- 
d i a t e l y ,  but  e v e n t u a l l y  became v e r y  
s e r i o u s .  

One d r i l l i n g  problem encountered 
t h a t  had been a n t i c i p a t e d ,  was t h e  prob- 
l e m  of keeping t h e  h o l e  i n  t h e  coalbed 
and c o n t r o l l i n g  t h e  h o l e  path.  It was 
dec ided  e a r l y  i n  t h e  d r i l l i n g  o p e r a t i o n  
t h a t  s i d e t r a c k s  were t o  be avoided,  i f  
p o s s i b l e ,  s i n c e  i t  was f e l t  t h a t  i t  would 
be  d i f f i c u l t  t o  r e e n t e r  t h e  p roper  h o l e  
a f t e r  t h e  d r i l l i n g  assembly had been 
removed from t h e  h o l e  f o r  any reason.  It 
was a l s o  assumed t h a t  s i d e t r a c k i n g  would 
t a k e  t o o  much time. When t h e  h o l e  devi-  
a t e d  from t h e  main coa lbed ,  e v e r y  a t t e m p t  
was made t o  r e e n t e r  t h e  c o a l  wi thou t  
backing up and s i d e t r a c k i n g  ( s t a r t i n g  a  
new h o l e ,  l e a v i n g  p a r t  of t h e  o r i g i n a l  
h o l e  a s  a s i d e  branch) .  Since  t h e  d i r e c -  
t i o n a l  c o n t r o l  e n g i n e e r  was s t i l l  l e a r n -  
i n g  how t o  c o n t r o l  t h e  d r i l l i n g  assembly,  
and because it w a s  d i f f i c u l t  t o  p r e d i c t  
t h e  d i p  of t h e  coa lbed ,  l a r g e  s e c t i o n s  of 
h o l e  H 1  were d r i l l e d  i n  rock  ( f i g .  18 and 
t a b l e  5).  One s i d e t r a c k  was a t t empted  on 
h o l e  H1 because a  l a r g e  s e c t i o n  was 
d r i l l e d  comple te ly  i n  rock between 
685.2 and 801.6 m (2,248-2,630 f t )  MD. 
The h o l e  was s u c c e s s f u l l y  s i d e t r a c k e d  i n  
c o a l  a t  674.2 m (2,212 f t )  MD and w a s  
d r i l l e d  t o  976.6 m (3,204 f t )  MD w i t h  
o n l y  two s h o r t  s e c t i o n s  t o t a l i n g  8.5 m 
(28 f t )  i n  rock. 



TABLE 5. - H o r i z o n t a l  d i s t a n c e s  d r i l l e d  

NOTE.--Total a l l  d r i l l i n g ,  3,311 m (10,882 f t ) .  

The d r i l l i n g  assembly used t o  d r i l l  
H1, and l a t e r  h o l e s  H2 and H3, was t h e  
same one used t o  d r i l l  t h e  p i l o t  h o l e  
( f i g .  7 ) .  I n  h o r i z o n t a l  d r i l l i n g ,  how- 
e v e r ,  t h e  emphasis i s  on m a i n t a i n i n g  h o l e  
a n g l e  a g a i n s t  t h e  f o r c e  of g r a v i t y ,  with- 
o u t  b u i l d i n g  a n g l e .  One a t t e m p t  was made 
t o  u s e  t h e  0.0087-rad (30-min) b e n t  hous- 
i n g  t o  m a i n t a i n  a n g l e ,  b u t  i t  was found 
i n a d e q u a t e  d u r i n g  t h e  o c c a s i o n a l  p e r i o d s  
when r a p i d  b u i l d i n g  of a n g l e  was 
r e q u i r e d .  The 0.013-rad (45-nin) b e n t  
hous ing  was t h e n  t r i e d  and became t h e  
s t a n d a r d  assembly f o r  d r i l l i n g  t h e  h o r i -  
z o n t a l  ho les .  The 0.013-rad (45-nin) 
hous ing  cou ld  a c t u a l l y  b u i l d  a n g l e  a t  a  
g r e a t e r  r a t e  than  u s u a l l y  r e q u i r e d .  
S ince  i t s  a d d i t i o n a l  b u i l d  c a p a c i t y  cou ld  
n o t  be " tu rned  o f f , "  a  t echn ique  was 
developed by t h e  d i r e c t i o n a l  d r i l l i n g  
e n g i n e e r  t o  r e n d e r  t h i s  c a p a c i t y  r e l a -  
t i v e l y  harmless  when no t  needed and 
a v a i l a b l e  when r e q u i r e d  wi thout  making 
p i p e  t r i p s  t o  change housings .  This  was 
done by r o t a t i n g  t h e  " t o o l  f a c e , "  t h e  
p l a n e  of t h e  bend,  t o  some a n g l e ,  t y p i -  
c a l l y  about  0.79 r a d  (45" )  e i t h e r  r i g h t  
o r  l e f t  of v e r t i c a l .  This  r o t a t i o n  would 
b e  h e l d  e i t h e r  r i g h t  o r  l e f t  a s  r e q u i r e d  
f o r  abou t  100 m (330 f t )  and then  t h e  
t o o l  f a c e  would be  t u r n e d  t h e  o t h e r  way. 
T h i s  r e s u l t e d  i n  a  smooth, s inuous  h o l e  
p a t h ,  a s  seen i n  p l a n  view ( f i g .  18) .  
The a d d i t i o n a l  c u r v a t u r e  d i d  no t  i n c r e a s e  

-- 

Hole 

Hl . . . . . . . . .  
H2......... 
H3......... 
H4 ......... 
H5......... 

-- Total . . .  

Hole H1 was i n i t i a l l y  surveyed a f t e r  
each 3.3-12 (10- f t )  p ipe  j o i n t  was 
d r i l l e d .  A s  t h e  d i r e c t i o n a l  d r i l l i n g  
e n g i n e e r  ga ined  e x p e r i e n c e  and informa- 
t i o n  on t h e  c o a l b e d ,  t h e  i n t e r v a l  was 
i n c r e a s e d  t o  two j o i n t s ,  e x c e p t  a t  c r i t i -  
c a l  p o i n t s .  Because of t h e  u n c e r t a i n t y  
i n  c o n t r o l  t e c h n i q u e s  and t h e  l a c k  of 
i n f o r m a t i o n  on t h e  coalbed s t r u c t u r e ,  
about  38% of t h e  t o t a l  of 666 m 
(2 ,185 f t )  of h o r i z o n t a l  h o l e  H1 was 
d r i l l e d  i n  rock ,  

NAp Not a p p l i c a b l e .  

Hole i n  r o c k ,  
i n c l u d i n g  

s i d e t r a c k s  

A t o t a l  of 15 f u l l  and 2  p a r t i a l  
p i p e  t r i p s  were made whi le  d r i l l i n g  
H1, 10 of which were r e q u i r e d  t o  
r e t r i e v e  t h e  survey t o o l  a f t e r  i t  had 
hung up i n  t h e  d r i l l  p i p e  and caused t h e  
w i r e l i n e  t o  break.  Th i s  was a  s e r i o u s  
problem w h i l e  H1 was b e i n g  d r i l l e d ,  b u t  
b e t t e r  equipment e v e n t u a l l y  solved t h e  
d i f f i c u l t y .  Three t r i p s  were a l s o  made 
because  of Dyna-Drill f a i l u r e s ,  and one 
t r i p  each  due t o  a  plugged b i t ,  a change 
of b e n t  hous ings ,  a  p a r t e d  BQ r o d ,  and a  
weekend shutdown. 

m 
253.0 
180.7 
73.5 
95.1 
29.9 

632.2 

1  was t e r m i n a t e d  premature ly  
on J u l y  13,  1979, a t  1,024.7 m (3 ,362 f t )  
MD when i t  was found t o  be imposs ib le  t o  
r e e n t e r  t h e  h o l e  a f t e r  a p i p e  t r i p .  The 
h o l e  had reached a  t o t a l  h o r i z o n t a l  
d i s t a n c e  of 538.6 m (1 ,767 f t )  ( t a b l e  5) 
beyond t h e  end of  c a s i n g  and was d r i l l e d  

-- 
T o t a l  d e p t h  
from s u r f a c e  

f  t 
830 
593 
241 
312 

98 
2,074 

p i p e  f r i c t i o n  much because  i t  was done i n  i n  26 working days ,  an  average  of 20.4 m 
a  smooth and g r a d u a l  manner. The h o l e  (67 f t )  p e r  day, Before t h e  l e g  was 
p r o j e c t i o n  was fol lowed by having t h e  t e rmina ted  i t  had become apparen t  t h a t  

m 

1,024.7 
1,463.4 
1,398.4 

751.3 
701.6 
NAp 

c u r v e s  r e p e a t e d l y  c r o s s  l e f t  and r i g h t  of many improvernents would be r e q u i r e d  t o  
t h e  d e s i r e d  pa th .  o b t a i n  a c c e p t a b l e  d a i l y  d r i l l i n g  r a t e s .  

f  t 

.-- 
3,362 
4,802 
4,588 
2,465 
2,302 

NAP 

H o r i z o n t a l  l e n g t h ,  
c a s i n g  t o  t o t a l  

d e p t h  

--- 
' Hole i n  c o a l ,  

i n c l u d i n g  
s i d e t r a c k s  

m 
538.6 
977.5 
912.3 
265.2 
215.5 

2,909.0 

m 
413.0 

1,018.6 
915.0 
157.6 
180.4 

2,684.7 

f  t 
1,767 
3,207 
2,993 

870 
707 

g;544 

f t  
1,355 
3,342 
3,002 

517 
592 

8 ,808 



H o r i z o n t a l  Hole H2  

Leg HZ was begun on J u l y  16,  1979, 
and  a b o u t  one-half  of  i t s  t o t a l  l e n g t h  
was comple ted  b e f o r e  t h e  n e c e s s a r y  
changes  i n  d r i l l i n g  t e c h n i q u e  cou ld  be 
deve loped  and p u t  t o  use.  The f i r s t  
a c t i o n  t a k e n  was a  meet ing  w i t h  Dyna- 
D r i l l  e n g i n e e r s  t o  d i s c u s s  t h e  problems 
o f  t o o l  l i f e  and r e l i a b i l i t y .  Two 
changes  were made a f t e r  t h i s  meeting.  
The f low r a t e s  th rough  t h e  Dyna-Dril l  
were reduced i n  a n  a t t e m p t  t o  d e c r e a s e  
s t r e s s e s  on t h e  t o o l s ,  i n c r e a s e  t o o l  
l i f e ,  and r educe  t h e  number of p i p e  t r i p s  
r e q u i r e d  f o r  t o o l  r e p a i r .  (At measured 
d e p t h s  of 1 ,000 m (3 ,300  f t )  a  p i p e  t r i p  
c o u l d  t a k e  a s  l o n g  a s  16 hours . )  The 
second change was made t o  o f f s e t  t h e  
e f f e c t s  of lower  f low r a t e s  on c u t t i n g s  
removal ,  by t h e  a d d i t i o n  of  Con-Det, a  
c o n c e n t r a t e d  d e t e r g e n t ,  t o  t h e  d r i l l i n g  
f l u i d .  The Con-Det a c t e d  t o  h e l p  remove 
c u t t i n g s ,  bu t  presumably d i d  n o t  p lug  o f f  
t h e  c o a l b e d  f r a c t u r e  system. Evidence  
t h a t  t h i s  was t h e  c a s e  came from s e v e r a l  
o f  t h e  v e r t i c a l  m o n i t o r i n g  h o l e s  where,  
a f t e r  l ong  p e r i o d s  of s t a b i l i t y  t h e  s u r -  
f a c e  p r e s & u r e s  measured i n  t h e  m o n i t o r  

h o l e s  i n c r e a s e d  s h o r t l y  a f t e r  use  of  t h e  
Con-Det was begun. T h i s  was p robab ly  due 
t o  a n  i n c r e a s e  i n  p e r m e a b i l i t y  i n  t h e  
h o r i z o n t a l  h o l e s  themse lves  when t h e  f i n e  
c u t t i n g s  were removed. E v e n t u a l l y  a n  
e x p e r i m e n t a l  p a r t i a l  bypass  v a l v e  
( f i g .  7) j u s t  above t h e  Dyna-Dril l  t o o l  
was a l s o  used which a l lowed  h i g h  f low 
r a t e s  i n  t h e  h o l e ,  b u t  a l lowed  o n l y  f lows 
of  5.5 m3/h (24  g a l / m i n )  th rough  t h e  
t o o l .  The r e s t  of  t h e  f l o w  bypassed t h e  
Eyna-Dri l l  by way of  t h e  v a l v e .  

The problems a s s o c i a t e d  w i t h  d r i l l -  
i n g  i n  rock  ( p r i m a r i l y  h o l e  c a v i n g ,  b u t  
a l s o  s t i c k i n g  of  d r i l l  p i p e )  were e l i m i -  
n a t e d  when i t  was d i s c o v e r e d  t h a t  i t  was 
e a s i e r  t o  back up and s i d e t r a c k  immedi- 
a t e l y  a f t e r  l e a v i n g  t h e  c o a l  ( f i g .  19B) 
t h a n  t o  t r y  t o  g r a d u a l l y  g u i d e  t h e  w e l l  
p a t h  back i n t o  t h e  c o a l  ( f i g .  19A). 
E v e n t u a l l y  s i d e t r a c k s  cou ld  be accom- 
p l i s h e d  i n  a s  l i t t l e  a s  3  hours  w i t h  no 
problems i n  r e e n t e r i n g  t h e  p r o p e r  ho le .  
The a c c e p t a n c e  of  more s i d e t r a c k s  
a l s o  made s t a y i n g  i n  t h e  coa lbed  l e s s  
c r i t i c a l .  Th i s  a l lowed  a n  i n c r e a s e  
i n  d r i l l i n g  r a t e s  and a n  i n c r e a s e  i n  

FIGURE 19. - Two methods of fol lowing the coalbed. Method B is recommended. 



survey ing  i n t e r v a l s  from e v e r y  one o r  two 
j o i n t s  of p ipe  t o  e v e r y  two t o  f o u r  
j o i n t s .  Since i t  took abou t  1  hour f o r  
a n  average  survey and o n l y  20 t o  40 min- 
u t e s  t o  d r i l l  two j o i n t s  (6.6 n  o r  20 f t )  
t h e  time sav ing  was s i g n i f i c a n t ,  an  
i n c r e a s e  of about  40% i n  t h e  d r i l l i n g  
r a t e .  

Leg H2 ( f i g .  18 and t a b l e  5) was 
completed on August 31, 1979, a t  a  t o t a l  
measured dep th  of 1,463.4 m (4 ,802 f t ) .  
Of t h e  t o t a l  h o r i z o n t a l  d i s t a n c e  d r i l l e d ,  
1 ,199 .3m (3 ,935 f t ) ,  o n l y  15% was i n  
r o c k ,  a  g r e a t  improvement over  t h e  
r e s u l t s  of H1. The maximum h o r i z o n t a l  
d i s t a n c e  reached from t h e  bottom of cas -  
i n g w a s  977.5m (3 ,207 f t )  which made i t  
t h e  l o n g e s t  h o r i z o n t a l  h o l e  d r i l l e d  i n  
EM-19. H2 was d r i l l e d  w i t h  a  t o t a l  of  
f i v e  s i d e t r a c k s ,  which took up 221.8 m 
(728 f t )  of t h e  t o t a l  d i s t a n c e  d r i l l e d .  
One of t h e s e  s i d e t r a c k s  was r e q u i r e d  when 
a  broken d r i v e  s h a f t  i n  t h e  Dyna-Drill 
caused a  b i t  t o  be l e f t  i n  t h e  ho le .  
When f i s h i n g  f a i l e d  t o  remove t h e  b i t  
t h i s  h o l e  had t o  be abandoned and 
s i d e t r a c k e d .  

A t o t a l  of 16 p ipe  t r i p s  were made 
i n  H2, 11 because  of Dyna-Drill f a i l u r e s ,  
and one e a c h  caused by a  survey purnpdown 
t o o l  f a i l u r e ,  a  d r i l l  rod  p a r t i n g ,  a  b i t  
change,  a  ben t  housing change,  and t h e  
complet ion of t h e  ho le .  The average 
d a i l y  f o o t a g e  was 27.1 m (89 f t )  i n d i c a t -  
i n g  t h a t  t h e  improvements i n  d r i l l i n g  
methods,  a l t h o u g h  in t roduced  about  h a l f  
way through t h e  d r i l l i n g  of H2, had begun 
t o  have a  p o s i t i v e  e f f e c t .  

H o r i z o n t a l  Hole H3 

A l l  of t h e  s u c c e s s f u l  t echn iques  
developed whi le  d r i l l i n g  H1 and H2 were 
used i n  d r i l l i n g  l e g  H3, excep t  t h e  use  
o f  t h e  bypass  v a l v e  which had been s e n t  
i n  f o r  r e p a i r s  when H3 was s t a r t e d .  H3 
was begun on September 4, 1979. On 
September 21, 1979, t h e  Dyna-Drill was 
f i n a l l y  p u l l e d  o u t  of t h e  h o l e  a f t e r  
d r i l l i n g  a l l  of  H3 i n  a  s i n g l e  run of 
226 d r i l l i n g  hours .  The h o l e  had been 
d r i l l e d  t o  a  measured d e p t h  of 1,398.4 n 
(4 ,588  f t ) ,  a  h o r i z o n t a l  d i s t a n c e  of 

918.3 m (2 ,993 f t )  from t h e  end of c a s i n g  
( f i g .  18 and t a b l e  5 ) .  The average  d i s -  
t ance  d r i l l e d  p e r  working day (14 days )  
was over  64.9 m (213 f t ) .  The h o l e  was 
s i d e t r a c k e d  e i g h t  t imes  f o r  an  average  of 
114 m (374 f t )  between s i d e t r a c k s .  Only 
about  7.5% of t h e  t o t a l  l e n g t h  of h o l e  
d r i l l e d  was i n  rock and beyond a  measured 
d e p t h  of 522 m (1 ,712 f t )  t h e  h o l e  was 
c o n t i n u a l l y  i n  c o a l ,  excep t  f o r  s h o r t  
"dead ends"  i n  rock  which were bypassed 
each t ime t h e  h o l e  was s i d e t r a c k e d .  Leg 
H3 was a l s o  t e r m i n a t e d  premature ly  
because  i t  cou ld  n o t  be r e e n t e r e d  due t o  
a p p a r e n t  s lough ing  of  t h e  s h a l e  s e c t i o n  
a t  t h e  bottom of  c a s i n g .  I f  t h e  h o l e  
cou ld  have been r e e n t e r e d ,  t h e r e  i s  every  
reason  t o  b e l i e v e  t h a t  i t  cou ld  have 
been extended a  s u b s t a n t i a l l y  g r e a t e r  
d i s t a n c e .  

H o r i z o n t a l  Holes H4 and H5 

A f t e r  September 21, 1979, s e v e r a l  
u n s u c c e s s f u l  a t t e m p t s  were made t o  reen-  
t e r  t h e  h o r i z o n t a l  h o l e s  and a s  p a r t  of 
t h e s e  a t t e m p t s  two a d d i t i o n a l  h o l e s ,  H4 
and H5, were d r i l l e d .  H4 e s s e n t i a l l y  
fo l lowed t h e  p a t h  of H1 and H5 was 
d r i l l e d  between H1 and H3. 

Reaming H o r i z o n t a l  Sump 

The f i n a l  d r i l l i n g  o p e r a t i o n  per-  
formed on t h e  d i r e c t i o n a l  h o l e  was t h e  
reaming of a  45-n (147- f t )  long h o r i -  
z o n t a l  sump, 216 mm (8-112-in) i n  diam- 
e t e r  from t h e  bottom of  c a s i n g  t o  a  mea- 
su red  dep th  of 531 m (1 ,742 f t ) .  The 
e x a c t  p a t h  of t h i s  sump was n o t  surveyed,  
b u t  i t  i s  assumed t o  have fol lowed t h e  
p a t h  of H2, s i n c e  i t  e n t e r e d  t h e  c o a l  a t  
522 m (1 ,712  f t )  MD, t h e  same depth  t h a t  
H2 e n t e r e d  t h e  c o a l .  Th i s  underreaming 
took approximate ly  2  days ,  most of which 
was s p e n t  i n  running and p u l l i n g  t h e  
121-m (4-314-in) d i a m e t e r  t r i c o n e  b i t  
and t h e  216-nn (8-112-in) d i a m e t e r  c a s i n g  
underreamer ( f i g .  20) used t o  open t h e  
hole .  The o p e r a t i o n  was completed on 
October 9 ,  1979. The sump was d r i l l e d  
p a r t l y  a s  a  g a t h e r i n g  a r e a  f o r  water and 
p a r t l y  t o  h e l p  keep a  p a t h  open through 
t h e  roof  s h a l e s  which had a l r e a d y  shown 
themselves  t o  be  major problems. 



FIGURE 20. - Casing underreamer. Open diameter, 216-mm (8-1/2-in); c losed diameter, 
121-mm (4-3/4-in). 

C o m ~ l e t i o n  Work and I n i t i a l  
P roduc t ion  Rates 

Work w a s  begun on October 9 ,  1979, 
t o  e q u i p  t h e  v e r t i c a l  dewater ing h o l e ,  
EM-20, t o  dewater  t h e  coa lbed ,  and t o  
e q u i p  i t  and t h e  d i r e c t i o n a l  h o l e  f o r  g a s  
p r o d u c t i o n  ( f i g .  21).  EM-20 ( f i g .  22) 
was p u t  on wa te r  p r o d u c t i o n  u s i n g  a down- 
h o l e  p lunger  pump on November 15. Water 
p r o d u c t i o n  began a t  t h e  pump's c a p a c i t y  
o f  20.3 m3/d (128 b b l / d )  b u t  d e c l i n e d  

r a p i d l y .  The i n i t i a l  g a s  f lows  ranged up 
t o  34 n3 /d  (1 ,200 f t 3 / d )  ( f i g .  23), b u t  
no i n c r e a s e  i n  g a s  p roduc t ion  was seen  
a s  t h e  wa te r  p r o d u c t i o n  dropped. A t  t h e  
same t ime  p r e s s u r e s  i n  t h e  coa lbed ,  r e a d  
from t h e  v e r t i c a l  moni to r  h o l e s ,  i n i t i a l -  
l y  dropped r a p i d l y  and t h e n  l e v e l e d  o f f .  
It was b e l i e v e d  t h a t  e i t h e r  b a r r i e r  t o  
water  f low between EM-20 and t h e  d i r e c -  
t i o n a l  h o l e ,  EM-19, caused  by caving of  
t h e  h o r i z o n t a l  h o l e s  where t h e y  had been 
d r i l l e d  i n  roof  rock  a t  t h e  bottom o f  



FIGURE 21. - EM-19 surface installation. Wellhead and pump control panel at  left. 

c a s i n g  o r  t h e  p lugg ing  of t h e  induced 
f r a c t u r e s  from t h e  s t i m u l a t i o n  t r e a t m e n t  
were d i r e c t l y  r e s p o n s i b l e .  During t h e  
p e r i o d  December 1979 through February 
1980, s e v e r a l  a t t e m p t s  were made t o  
i n c r e a s e  wa te r  p r o d u c t i o n  by f l u s h i n g  o u t  
b o t h  EM-20 and EM-19 w i t h  wa te r  i n  t h e  
hope of c l e a n i n g  o u t  m a t e r i a l  t h a t  might 
b e  b l o c k i n g  t h e  f r a c t u r e  system and t h e  
h o l e s .  Attempts were a l s o  made t o  open 
up t h e  f r a c t u r e  o r i g i n a l l y  c r e a t e d  i n  EM- 
20 by punping i n  w a t e r  a t  p r e s s u r e s  w e l l  
above t h o s e  r e q u i r e d  t o  induce t h e  o r i g i -  
n a l  f r a c t u r e .  The i n d i c a t i o n s  a r e  t h a t  
t h e s e  procedures  d i d  n o t  accomplish t h e  
d e s i r e d  r e s u l t s  and nay have caused harm 
by a c c e l e r a t i n g  t h e  c a v i n g  o f  s h a l e s  a t  
t h e  b o t t o n  of c a s i n g  i n  EM-19. 

T e s t s  conducted i n  EM-19 i n  January 
1980, us ing  compressed a i r  t o  remove 
water  f r o n  t h e  h o l e ,  showed t h a t  wa te r  
p roduc t ion  r a t e s  a s  h igh  a s  31 t o  48 rn3/d 
(220-300 b b l / d )  c o u l d  be s u s t a i n e d  f o r  a  
week o r  longer .  During t h e s e  t e s t s ,  g a s  
f lows of  up t o  2,500 m3/d (90,000 f t 3 / d )  
were s e e n  f o r  b r i e f  p e r i o d s  a f t e r  t h e  a i r  
compressor was s h u t  o f f ,  and s h o r t l y  
b e f o r e  the  i n c r e a s i n g  p r e s s u r e  of t h e  
water  column i n  t h e  h o l e  prevented f u r -  
t h e r  g a s  flow. 

I n  February 1980, wa te r  l e v e l  mea- 
surements  were made i n  EM-19 which i n d i -  
c a t e d  a  b o t t o n  h o l e  p r e s s u r e  of 1 ,280 kPa 
(186 ~ b / i n ~ ~ ) ,  whi le  a t  t h e  same t ime t h e  
p r e s s u r e  i n  EM-20 was a tmospher ic .  Since  



FIGURE 22. - Dewatering hole EM-20. 
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FIGURE 23. - Production data from EM-19 and EM-20. 



t h e  d i s t a n c e  between EM-20 and EM-19 was 
abou t  6 m (20  f t ) ,  t h i s  i n d i c a t e d  a h igh  
p r e s s u r e  g r a d i e n t  between t h e  ho les .  
These f a c t s  confirmed t h e  assumption made 
i n  November-December 1979 t h a t  t h e  per-  
m e a b i l i t y  of t h e  coa lbed  between EM-19 
and EM-20 w a s  no t  s u f f i c i e n t  t o  a l l o w  
d r a i n a g e  of t h e  wa te r  produced from t h e  
h o r i z o n t a l  h o l e s ,  by way of EM-20. It 
a l s o  i n d i c a t e d  t h a t  t h e  p e r m e a b i l i t y  of 
EM-19 t o  g a s  and wate r  f low was high.  
T h e r e f o r e ,  i t  was dec ided  i n  la te-Febru-  
a r y  t o  i n s t a l l  a  wa te r  pump i n  EM-19. 

I n  March 1980, a n  e l e c t r i c  submersi-  
b l e  pump w a s  o rdered  f o r  use i n  t h e  
d i r e c t i o n a l  hole .  The pump w a s  no t  
a v a i l a b l e  u n t i l  l a t e - A p r i l  1980. During 
t h i s  pe r iod ,  g a s  f low from EM-20 
( f i g .  23) g r a d u a l l y  i n c r e a s e d  from 
37 m3/d (1,310 f t 3 / d )  t o  340 m3/d 
(12,000 f t 3 / d )  and wate r  f low decreased  
from 9.3 m3/d (59 b b l / d )  t o  4.7 m3/d 
( 3 0  b b l / d ) .  Gas began t o  f low from EM-19 

i n  March and i n c r e a s e d  t o  79 m3/d 
(2 ,800 f t 3 / d )  (appendix B) . 

A f t e r  some minor i n s t a l l a t i o n  d i f f i -  
c u l t i e s  t h e  submers ib le  pump was 
i n s t a l l e d  a t  a ueasured  dep th  of 485 m 
(1 ,590 f t )  and put  i n t o  o p e r a t i o n  i n  nid-  
May. The pump was a 95-mm (3.75-in) 
d iamete r ,  75-stage c e n t r i f u g a l  type u n i t  
wi th  bronze i m p e l l e r s ,  c a p a b l e  of l i f t i n g  
1.0 m3/h (7 ga l /min)  a g a i n s t  a waterhead 
of 450 m (1,500 f t ) .  The pump was 
powered by a 440-V, three-phase,  3.73-kW 
(5-hp) motor ( f i g .  24). An undercur ren t  
r e l a y  w a s  i n s t a l l e d  i n  t h e  s u r f a c e  con- 
t r o l  pane l  t o  p reven t  t h e  pump from be ing  
damaged when t h e  h o l e  had been pumped 
down. Th is  r e l a y  worked by t u r n i n g  t h e  
pump o f f  when t h e  c u r r e n t  i n  one phase 
dropped below a p r e s e t  minimum (about  80% 
of t h e  motor f u l l  load  r a t i n g ) .  When t h e  
water  l e v e l  dropped t o  t h e  l e v e l  of t h e  
pump i n t a k e  t h e  i m p e l l e r s  began working 
a g a i n s t  g a s ,  which took l e s s  e f f o r t ,  and 

FIGURE 24. - Crew running the submersible pump into EM-19. Note centrarizers for motor at right. 



t h e  c u r r e n t  t h e n  dropped below t h e  under- 
c u r r e n t  r a t i n g .  The pump was t h e n  s h u t  
o f f  and was r e s t a r t e d  l a t e r  by an a d j u s t -  
a b l e  timer i n  t h e  c o n t r o l  pane l .  

Within  a  s h o r t  t ime i t  became obvi-  
ous  t h a t  t h e r e  were problems wi th  t h i s  
ar rangement .  The f i r s t  t i m e  t h e  punp was 
s t a r t e d  i t  o p e r a t e d  o n l y  30 minu tes  and 
i t  t h e n  s h u t  o f f .  It was assuned t h a t  
t h e r e  was s u f f i c i e n t  wa te r  f o r  t h e  pump 
and t h a t ,  t h e r e f o r e ,  g a s  e n t r y  was a c t i -  
v a t i n g  the  u n d e r c u r r e n t  r e l a y  prema- 
t u r e l y .  To e l i m i n a t e  t h i s  problem a  pump 
shroud was des igned t o  p reven t  e n t r y  of 
g a s  t o  t h e  pump. A s  of l a t e  1980, t h i s  
shroud had n o t  y e t  been t e s t e d .  I n  t h e  
meantime, a d j u s t m e n t s  t o  t h e  timer and t o  
t h e  u n d e r c u r r e n t  r e l a y ,  made over  a  

pe r iod  of s e v e r a l  months, e v e n t u a l l y  
al lowed t h e  pump t o  punp t h e  w e l l  down. 
The wa te r  p roduc t ion  i n  EM-19 was never  
h i g h e r  than 1.6 m3/d (10  b b l / d )  and was 
u s u a l l y  much l e s s .  The low wate r  l e v e l s  
i n  t h e  w e l l  were a l s o  v e r i f i e d  by t h e  u s e  
of a  s o n i c  w e l l  sounding dev ice .  These 
r e s u l t s ,  a l o n g  w i t h  t h e  January 1980 
wa te r  p roduc t ion  d a t a ,  i n d i c a t e d  t h a t  
caving i n  t h e  roof  rock  j u s t  below c a s i n g  
was beconing p r o g r e s s i v e l y  worse and t h a t  
some remedia l  a c t i o n  was r e q u i r e d  i f  
a c c e p t a b l e  gas  f low r a t e s  were t o  be 
o b t a i n e d  from t h e  d i r e c t i o n a l  h o l e  sys- 
tem. P h y s i c a l  ev idence  f o r  t h e  c a v i n g  o f  
t h e  roof rock w a s  a l s o  a v a i l a b l e  i n  t h e  
form o f  p i e c e s  of c o a l  and s h a l e  a i r -  
l i f t e d  from t h e  h o l e  i n  January 1980 
( f i g .  25) .  

FIGURE 25. - Shale and coal blown out of EM-19, January 1980. Pen cap 57 mm (2.25 in) long. 
Note large cement piece. 



I n  May 1980, work was begun t o  f u r t h e r  cav ing  of  t h e  roof  s h a l e s  and t o  
d e s i g n  equipment t o  r e d r i l l  t h e  h o l e  from c r e a t e  a  permanent p a t h  f o r  wa te r  and g a s  
t h e  bottom of c a s i n g  i n  EM-19, through movement from t h e  h o r i z o n t a l  h o l e s  H1, 
t h e  roof s h a l e  and w e l l  i n t o  the  P i t t s -  H2, and H3 i n t o  t h e  c a s i n g  of t h e  d i r e c -  
burgh coalbed.  A p l a s t i c  l i n e r  c a s i n g  t i o n a l  ho le .  
w i l l  be i n s t a l l e d  i n  t h i s  h o l e  t o  c o n t r o l  

PROJECT COSTS 

D e t a i l e d  Cost A n a l y s i s  

Table  6  shows t h e  c o s t s  f o r  t h e  
d i r e c t i o n a l  h o l e ,  EM-19, broken down by 
major e x p e n d i t u r e  i t ems .  The t o t a l  c o s t s  
column shows t h e  a c t u a l  t o t a l  of  a l l  of  
t h e  i n v o i c e s  r e c e i v e d  from t h e  con t rac -  
t o r .  The p r o j e c t  s t a r t u p  column g i v e s  
t h e  c o s t s  of m a i n t a i n i n g  key p e r s o n n e l  
from September 1977 t o  August 1978, whi le  
t h e  c o o p e r a t i n g  c o a l  company sea rched  f o r  
a n  a l t e r n a t e  d r i l l i n g  s i te .  The o r i g i n a l  
s i t e  became u n a v a i l a b l e  a t  about  t h e  same 
t i m e  a s  t h e  d r i l l i n g  c o n t r a c t  was s igned .  
The f i s h i n g  c o s t s  column g i v e s  t h e  c o s t s  
o f  t h e  February-March 1979 bit-crown 
f i s h i n g  job d u r i n g  t h e  reaming o p e r a t i o n .  
The end-of-project  column g i v e s  t h e  
breakdown of t h e  c o s t s  a t  t h e  end of 
t h e  p r o j e c t  between November 1979 and 

May 1980 t o  pu t  t h e  system on p r o d u c t i o n  
and t o  main ta in  a  c a p a b i l i t y  t o  perform 
s e r v i c e  and remedia l  work. I n  t h e  l a s t  
column, t h e  t o t a l  EM-19 c o s t s ,  minus t h e  
n o n d r i l l i n g  and major  f i s h i n g  c o s t s  have 
been computed. 

The n e t  c o s t s  i n  t a b l e  6  g i v e  an  
e s t i m a t e  f o r  t h e  c o s t  of  t h e  d i r e c t i o n a l  
h o l e  a t  1979 p r i c e s  ($1,169,530.58) 
assuming t h a t  no u n a n t i c i p a t e d  expendi-  
t u r e s  such a s  t h o s e  i d e n t i f i e d  had been 
encountered.  The c o s t  of t h e  v e r t i c a l  
dewate r ing  h o l e ,  t h e  moni to r ing  h o l e s ,  
and t h e  c o r e h o l e  a r e  a l s o  not  inc luded .  
Nor a r e  c o s t s  f o r  d r i l l  r i g  and mud pump 
r e n t a l  s i n c e  t h e s e  were Government owned. 
Also,  t h e  c o s t s  of s i t e  p r e p a r a t i o n  a r e  
not  i n c l u d e d  because  t h e y  were paid  by 
t h e  Emerald Mines Corp. 



TABLE 6 .  - D i r e c t i o n a l  h o l e  (EM-19) d r i l l i n g  c o s t s  

(1979 d o l l a r s )  

---- -- --.----------------- ---------- --------- ------- -------- ] :a::: I [ E::" I ::%it:; 1 Net C O S ~  

------ - ------------- ----- ( reaming)  ------ ------- 
DIRECT 

Labor:  
Nonsupervisory................ 

- 
Geolograph.................... 
D i r e c t i o n a l  c o n t r o l  equ ipnen t .  
D i r e c t i o n a l  d r i l l i n g  e n g i n e e r .  
Dyna-Dril l . . . . . . .  ............. 
B i t s  and subs . . . . . . . . . . . . . . . . .  
Dr i l l  p ipe . . . . . . . . . .  .......... 
Mud........................... 
Mud punps,  r e p a i r  and p a r t s . . .  
F i s h i n g  tools.. . . . . . . . . . . . . . . .  
Plugback cementing............ 
Logging....................... 
F u e l  and o i l . . . . . . . . . . . . . . . . . .  

Supervisory................... 
T o t a l . .  ............ .. ..... 

D r i l l i n g  : 

Labor bond. . . . . . . . . . . . . . . . . . . .  
Total...................... 

Completion:  
Casing........................ 12,604.73 
Cenenting..................... 5,304.81 
Wellhead equipment. . . . . . . . . . . .  2,413.42 
S u r f a c e  equ ipnen t  and meter  

-- 146,349.15 
- 342,149.54 

house........................ 6,116.05 
Downhole comple t ion  equipment.  8,950.55 

Total...................... 35,389.56 
Labor overhead (1.1514 x t o t a l  I== 

labor)......................... 
S u b t o t a l  d i r e c t . . . . . . . . . . . .  

---- 22,100.00 
22,100 -00 

Fixed f e e  (7% of s u b t o t a l  I 
d i r e c t 1 2 . .  ........... .,., .. ..,, 85,162.29 

T o t a l  d i r e c t  ............... 
INDIRECT 

-- 6,560.00 
23,147 -60  

P lan t  c o s t s :  
P ickup and c a r  r e n t a l . . . . . . . . .  
T r a i l e r  rental................ 
Equipment r e p a i r  and 
naintenance................. 

Water and tanks . . . . . . . . . . . . . . .  
Telephone ..................... 
S a n i t a t i o n  and s a f e t y  

equipnent.................... 
Misce l l aneous  s u p p l i e s  and 

s m a l l  t oo l s . . . . . . . . . . . . . . . . . .  
Haul ing  and sh ipp ing . . . . . . . . . .  
Pe r  d iem. . . . . . . . . . . . . . . . . . . . . .  
E l e c t r i c a l  work. . . . . . . . . . . . . . .  

To ta l . . . . . . . . . . . . . . . . . . . . . .  
F ixed  f e e  (7% of t o t a l  p l a n t  

24,793.53 
52,460.91 

' ~ x c l u d e s  s t a r t u p ,  f i s h i n g ,  and end-of -p ro j ec  t c o s t s .  
2 ~ p  t o  a  c o n t r a c t  maximum of $119,713.00. 

-- 92,895.62 
244,441.03 

C O S ~ S ) ~ .  ..................... 
T o t a l  i n d i r e c t . . . . . . . . . . . . .  
Grand total.. . . . . . . . . . . . . . .  --- 

8,937.13 
. 145,840.90 

1,448,954.48 

- --- 196.35 
3,001.35 

53,875.51 

- 362.17 
5,536.00 

92,987.35 

576.17 -- 
8,807.14 

132,561.04 

7,802.44 
128,496.41 

1,169,530.58 



Table  7  shows a n  e s t i m a t e d  c o s t  f o r  
each  of t h e  f i v e  major  d r i l l i n g  opera-  
t i o n s  performed on EM-19. These c o s t s  
were determined from t h e  c o n t r a c t o r l s  
monthly i n v o i c e s ,  which d i d  not  i n d i c a t e  
t h e  e x a c t  purpose  of each  i t em purchased.  
T h i s  means t h a t  each i n d i v i d u a l  i n v o i c e  
had t o  be s t u d i e d  t o  de te rmine  t h e  pur- 
pose of t h e  i t e m s  purchased and a l l o w  
ass ignment  of t h e  c o s t  t o  a  p a r t i c u l a r  
o p e r a t i o n .  The c a r e  r e q u i r e d  t o  do t h i s  

was e x e r c i s e d  i n  t h e  c a s e  of l a b o r  and 
such l a r g e  and i d e n t i f i a b l e  e x p e n d i t u r e s  
a s  t h e  purchase  of b i t s ,  w a t e r ,  mud, and 
d i r e c t i o n a l  d r i l l i n g  equ ipnen t .  However, 
where t h e  purpose  of a n  i t em was more 
d i f f i c u l t  t o  de te rmine  ( such  a s  smal l  
t o o l s  and m i s c e l l a n e o u s  i t e m s ) ,  t h e  c o s t s  
have been a s s i g n e d  by t ime pe r iod .  Th i s  
means t h a t  t h e  c o s t  e s t i m a t e s  of t a b l e  7  
a r e  not  e x a c t .  However, they  should be  
w i t h i n  10% of t h e  a c t u a l  c o s t s .  The c o s t  
e s t i m a t e d  f o r  t h e  p i l o t  h o l e  d r i l l i n g  h a s  
been  a d j u s t e d  t o  remove t h e  c o s t s  
i n c u r r e d  d u r i n g  a  p e r i o d  of 5  days  when 
t h e  r i g  eng ine  broke down. However, no 
changes  have been made t o  c o r r e c t  f o r  t h e  
expenses  and l o s t  t ime caused by l o s t -  
c i r c u l a t i o n  problems (append ix  A g i v e s  
t h e  hours  l o s t  from t h i s  c a u s e ) .  Simi- 
l a r l y  t h e  o n l y  c o s t s  removed from t h e  
e s t i m a t e  f o r  t h e  reaming a r e  those  f o r  
t h e  b i t  crown f i s h i n g  o p e r a t i o n  shown i n  
t h e  f i s h i n g  c o s t s  colunn of t a b l e  6. 
S ince  t h e  t o t a l  f i x e d  o p e r a t i n g  c o s t  of 
t h e  p r o j e c t  ( i n c l u d i n g  f i x e d  p l a n t  c o s t s ,  
l a b o r ,  l a b o r  overhead,  f i x e d  f e e s ,  d i r e c -  
t i o n a l  d r i l l i n g  e q u i p n e n t ,  and t h e  d i r e c -  
t i o n a l  d r i l l e r l s  t i m e )  f o r  a  s i n g l e  work- 
i n g  day was abou t  $3,400 ($2,400 when 
reaming) ,  even minor improvements cou ld  
have a  s i g n i f i c a n t  a f f e c t  on t h e  d r i l l i n g  
c o s t .  The change i n  t h e  pe r  meter  c o s t s  
o f  h o r i z o n t a l  h o l e s  H1, H2, and H3 
r e f l e c t s  t h e  improvements made i n  d r i l l -  
i n g  t echn ique  d u r i n g  t h e  p r o j e c t .  The 
c o s t s  of H3 a l s o  r e f l e c t  a n  e x t r a o r d i n a r -  
i l y  long  run  of a  Dyna-Drill t o o l .  But 
i t  should  be  p o s s i b l e  t o  m a i n t a i n  on a  
p r o d u c t i o n  b a s i s  a  p e r  meter  h o r i z o n t a l  
d r i l l i n g  c o s t  i n  t h e  range of $100 t o  
$115 ($30-$35 / f t ) .  

TABLE 7.  - Cos t s  f o r  EM-19 d r i l l i n g  
o p e r a t i o n s  

P r o j e c t  Cost  Summary 

D r i l l i n g  
o p e r a t i o n  

P i l o t   ole' 
~ e a m i n  g2. . .  
H l . . . . . . . . .  
H2.. ....... 
H3......... 

The t o t a l  c o s t  of  t h e  Emerald Mine 
d i r e c t i o n a l  d r i l l i n g  c o n t r a c t  (from 
September 1977 through May 1980) was 
$1,814,863.09 ( t a b l e  8 ) .  The v e r t i c a l  
dewate r ing  h o l e  c o s t  $136,000.36. Th i s  
i n c l u d e s  t h e  c o s t  of d r i l l i n g ,  c a s i n g ,  
l o g g i n g ,  j e t  s l o t t i n g ,  h y d r a u l i c  s t imula -  
t i o n ,  and complet ion of t h e  w e l l  f o r  g a s  
and wa te r  p roduc t ion .  I t  does n o t  
i n c l u d e  t h e  c o s t  of t h e  pumping u n i t  and 
t h e  sucker  rods  t h a t  were o b t a i n e d  a s  
s u r p l u s  from a n o t h e r  Government p r o j e c t .  
D r i l l i n g  and complet ing t h e  seven moni- 
t o r i n g  h o l e s  w i t h  wa te r  l e v e l  s e n s i n g  
equipment c o s t  a  t o t a l  of $217,877.23. 
The c o r e h o l e  d r i l l e d  a t  t h e  beg inn ing  o f  
t h e  p r o j e c t  t o  de te rmine  t h e  c o a l  t h i c k -  
n e s s  and e l e v a t i o n  c o s t  $12,031.02. 

TABLE 8.  - P r o i e c t  c o s t  t o t a l s  

l ~ o s t  of 5  days  l o s t  t i n e  due t o  r i g  en- 
g i n e  breakdown n o t  i n c l u d e d .  

2 ~ i t  crown f i s h i n g  c o s t s  no t  inc luded .  

E s t i -  
mated 

c o s t  
$210,000 

330,000 
120,000 
150,000 
70,000 

Corehole. . . . . . . . . . . . . . . . . . .  $12,031.02 
Dewater h o l e  (EM-20). ...... 136,000.36 
Monitor h o l e s  (EM-21-27) ... 217,877.23 
D i r e c t i o n a l  h o l e  (EM-19) ... 1,448,954.48 

Total................. 1,814,863.09 

Est imated Cos t s  f o r  a  P roduc t ion  

Dis tance  
d r i l l e d  

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

Cost 

m 
504 
491 
539 
377 
912 

I n  o r d e r  t o  a r r i v e  a t  a  r e a s o n a b l e  
c o s t  e s t i m a t e  f o r  d r i l l i n g  d i r e c t i o n a l  
h o l e  s i m i l a r  t o  EM-19, on a  p roduc t ion  
b a s i s ,  u t i l i z i n g  a l l  of t h e  improved 
t e c h n i q u e s  developed d u r i n g  t h e  p r o j e c t ,  

m 

$417 
672 
223 
154 
77 

f t  
1 ,652 
1,612 
1,767 
3,207 
2,993 

f t  

$127 
205 

68 
47 
23 



both a time and a cost estimate (in 1979 and the mud pumps are to be rented for 
dollars) have been developed. Table 9 the project. If those items of equipment 
gives a time estimate for a directional were purchased and used to drill other 
hole exactly like EM-19, assuming 1979 vertical and directional wells then their 
costs, no major fishing operations or purchase costs could be amortized over 
unusual lost-circulation problems, and several wells reducing the estimated cost 
assuming that the best equipment and for a single project. Based upon these 
techniques developed while drilling EM-19 estimates, a directional well exactly 
are to be used. Table 10 gives the cost like EM-19 could have been drilled 
estimate for this hole with the addi- and completed for slightly less than 
tional assumption that the drilling rig $1,000,000. 

TABLE 9. - Production hole time estimate1 

Task Days 

Mobilization and equipment set-up.............eeee...e 5 
Pilot ho1e.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
 earni in^^ .............................................. 40 
Casing and ~enenting............~~.~~~~....~~.~..~~~.~ 4 
Drilling out plug...... ............................... 2 
Horizontal drilling: 
H1, 486 to 1,025 m (46 m/d)........ ................. 12 
HZ, 498 to 1,464 m (43 m/d).. ....................... 23 ......................... H3, 498 to 1,398 n (43 m/d) 22 

Underreaming.. e e . e . ~ e e ~ a e ~ ~ e ~ ~ ~ e ~ e e ~ ~ e e e ~ ~ ~ e ~ ~ e e e ~ e ~ e e  4 
Well completion.... ................................... 10 
Denobilizati~n.....~~..~..........~~~........~.~~~~.~. 5 

............................... Total working days 152 
Off days... ........................................... 61 

Grand tota1..................................... 213 ---- 
l~ased upon a 24-hour day, 5 days per week. 
2~ncludes time to run and cement intermediate casing. 



TABLE 10 . . P r o d u c t i o n  h o l e  c o s t  e s t i m a t e  

(1979 d o l l a r s )  

DIRECT 
Labor : 

N o n s u p e r v i s o r y l  ......................................... 
S u p e r v i s o r y  ............................................. 

T o t a l  ................................................ 
D r i l l i n g  : .............................................. Geolograph  ........................... D i r e c t i o n a l  c o n t r o l  equipment  ........................... D i r e c t i o n a l  d r i l l i n g  e n g i n e e r  

Dyna-Dri l l  .............................................. 
Rig r e n t a l  .............................................. .............................. D r i l l  p i p e .  b i t s  and  s u b s  
Mud ..................................................... 
Mud pumps. r e p a i r  and p a r t s  ............................. 

f"llY C O S T ~ " ' S ~ ~ ~  c o s t  

F i s h i n g  t o o l s  ........................................... 5.000.00 
P lugback  cement ing  ...................................... 0  
Logging  ................................................. 
F u e l  and o i l  ............................................ 13.680.00 
Labor  bond .............................................. 3.851.00 ................................................ T o t a l  

Conple t i o n  : 
c a s i n g 3  ................................................. 14.975.00 .............................................. c e m e n t i n g 4  7.500.00 
Wel lhead  equipment ...................................... 2.413.42 
S u r f a c e  e q u i p n e n t  and m e t e r  house  ....................... 6.116.05 - 

P l a n t  c o s t s :  
P i c k u p  and c a r  r e n t a l  ................................... 
T r a i l e r  r e n t a l  .......................................... ........................ Equipment r e p a i r  and ma in tenance  
Water  and t a n k s  ......................................... ............................................... Telephone  ......................... S a n i t a t i o n  and s a f e t y  e q u i p n e n t  .................. M i s c e l l a n e o u s  s u p p l i e s  and s n a l l  t o o l s  

Downhole c o a p l e t  i o n  equipment  .......................... ................................................ T o t a l  ................... Labor  ove rhead  (1.1514 x t o t a l  l a b o r )  
S u b t o t a l  d i r e c t  ...................................... 

F i x e d  f e e  ( 7 %  of s u b t o t a l  d i r e c t )  ....................... 
T o t a l  d i r e c t  ......................................... 

INDIRECT 

4 ~ n c l u d e s  c o s t  of c e n e n t i n g  i n t e r m e d i a t e  c a s i n g  . 

NAp 
N Ap 

1.114.73 
NAp 
NAp 
NAp 

H a u l i n g  and s h i p p i n g  .................................... 
P e r  diem ( r i g  s u p e r i n t e n d e n t )  ........................... 
E l e c t r i c a l  work ......................................... 

T o t a l  ................................................ ..................... F i x e d  f e e  ( 7 %  of t o t a l  p l a n t  c o s t s )  ....................................... T o t a l  i n d i r e c t  
Grand t o t a l  .......................................... 

5 ~ r i m a r i l y  c o s t  of s u b m e r s i b l e  pump and c a b l e .  b u t  n o t  t u b i n g  . 

NAp 
NAp 
152 
NAp 
NAp 
NAp 

YAp Not a p p l i c a b l e  . 
Based upon a  24-hour. 3 - s h i f t  day.  5  d a y s  p e r  week (one  d r i l l e r  and two h e l p e r s )  . 

2 ~ e n t a l  of  reaming p i p e  and p u r c h a s e  o f  800 n of  BQ w i r e l i n e  r o d  . 
3 ~ n c l u d e s  130 m of  i n t e r m e d i a t e  c a s i n g  n o t  u sed  i n  EM-19 . 

NAp 
9.00 

NAP 
NAp 
NAp 
NAp 
NAp 

8.950.55 
39.955.02 

169.438.64 
853.902.96 

59.773.21 
913.676.17 

NAP 
15 2  
NAp 
NAp 
NAp 
NAp 
NAp 

3.500.00 
1.368.00 
3.191.47 

44.494.83 
3.114.64 

47.609.47 
9619285.64 



CONCLUSIONS AND RECOMMENDATIONS 

A number of  c o n c l u s i o n s  c a n  be  drawn 
from t h e  Emerald Mine 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 .  It i s  t e c h n i c a l l y  f e a s i b l e ,  
w i t h  good d i r e c t i o n a l  c o n t r o l  p e r s o n n e l ,  
t o  q u i c k l y  d r i l l  a  d i r e c t i o n a l  p i l o t  h o l e  
t o  a  t a r g e t  coa lbed .  T h i r t y  24-hour d a y s  
were r e q u i r e d  t o  d r i l l  t h e  Emerald Mine 
p i l o t  h o l e  and a p p r o x i m a t e l y  12 days  of  
downtime a r e  i n c l u d e d  i n  t h i s  p e r i o d .  

Once a  t a r g e t  c o a l b e d  h a s  been suc- 
c e s s f u l l y  i n t e r c e p t e d ,  i t  i s  t e c h n i c a l l y  
f e a s i b l e  t o  d r i l l  l o n g  h o r i z o n t a l  methane 
d r a i n a g e  h o l e s ,  and keep  t h e  h o l e s  i n  t h e  
c o a l b e d .  A s  e x p e r i e n c e  was g a i n e d  i n  
d i r e c t i o n a l  c o n t r o l ,  i t  was p o s s i b l e  t o  
i n c r e a s e  t h e  h o r i z o n t a l  d r i l l i n g  r a t e  
from 20.4 rn (67  f t )  p e r  day t o  64.9 m 
(213  f t )  p e r  day ,  A t  t h e  same t i m e ,  t h e  
p o r t i o n  of  t h e  h o l e  i n  c o a l  i n c r e a s e d  
from 62% t o  92%. The l o n g e s t  h o r i z o n t a l  
h o l e  d r i l l e d  on t h e  p r o j e c t  (H2, f i g .  1 )  
r e a c h e d  a  d i s t a n c e  of  977.5 m (3 ,207 f t )  
from t h e  end o f  c a s i n g .  Based on t h e  
d r i l l i n g  e x p e r i e n c e  a t  t h e  Emerald Mine, 
i t  i s  b e l i e v e d  t h a t  a  h o r i z o n t a l  h o l e  
c o u l d  have been d r i l l e d  s i g n i f i c a n t l y  
beyond t h e  977.5-m (3 ,207 f t )  d i s t a n c e  
r e a c h e d  on HZ. The o n l y  impediment t o  
d r i l l i n g  l o n g e r  d i s t a n c e s  was t h e  problem 
o f  c a v i n g  of  t h e  h o l e s  d r i l l e d  i n  s h a l e  
n e a r  t h e  bottom of c a s i n g ,  which pre-  
v e n t e d  r e e n t e r i n g  t h e  h o l e s .  

It i s  s t i l l  i m p o s s i b l e  t o  d e t e r m i n e  
whether  a  d i r e c t i o n a l  h o l e  i s  a n  economi- 
c a l  method of  d r a i n i n g  methane from c o a l -  
b e d s  s i n c e ,  a s  of  l a t e  1980, problems 
s p e c i f i c  o n l y  t o  EM-19 have p r e v e n t e d  t h e  
w e l l  from producing g a s  a t  what is 
b e l i e v e d  t o  b e  i t s  f u l l  p o t e n t i a l .  Once 
t h e  r emed ia l  work h a s  been  done and g a s  
p r o d u c t i o n  d a t a  h a s  b e e n  o b t a i n e d  add i -  
t i o n a l  a n a l y s e s  w i l l  b e  made. 

The most i m p o r t a n t  f a c t  l e a r n e d  
a b o u t  h o r i z o n t a l  and p i l o t  h o l e  d r i l l i n g  
i s  t h a t  i t  i s  v i t a l  t o  c o n f i r m  t h a t  t h e  
h o l e  r e a l l y  i s  i n  t h e  t a r g e t  coa lbed .  
The a c c u r a c y  of c u r r e n t  w e l l  survey- 
i n g  equipment i s  a t  b e s t  '0.6 m (2-3 f t )  
v e r t i c a l l y  a t  t h e  measured d e p t h  of 
EM-19, and many c o a l b e d s  a r e  i n  t h e  r ange  

of 1  t o  3  m (3-10 f t )  i n  t h i c k n e s s .  In  
a d d i t  i o n ,  e x p e r i e n c e  w i t h  s u r v e y  d a t a  
from s e v e r a l  d i r e c t i o n a l  h o l e s  ( t h e  
Mather and EM-19 h o l e s )  i n d i c a t e s  t h a t  
t h e  v e r t i c a l  d e p t h s  i n d i c a t e d  by  t h e  s u r -  
veys  a r e  u s u a l l y  d e e p e r  t h a n  a c t u a l  v e r -  
t i c a l  d e p t h s  of t h e  h o l e s .  T h i s  makes 
c o r r e l a t i o n  w i t h  v e r t i c a l  h o l e s  d i f f i -  
c u l t .  I n d i c a t i o n s  of  c o a l  t o p s  o b t a i n e d  
from Dyna-Dril l  d r i l l i n g  r a t e  c h a n g e s  and 
from c u t t i n g s  can  a l s o  be  m i s l e a d i n g ,  
e s p e c i a l l y  when d r i l l i n g  n e a r l y  h o r i -  
z o n t a l l y  a c r o s s  a  Formation. Thus i t  
a p p e a r s  t h a t  t h e  o n l y  method t o  b e  c e r -  
t a i n  t h a t  t h e  h o l e  i s  i n  t h e  t a r g e t  c o a l -  
bed i s  t o  d r i l l  w e l l  i n t o  i t  o r  even 
c o m p l e t e l y  th rough  i t .  

H o r i z o n t a l  D r i l l i n g  --- 

It  was found t h a t  a lmos t  a l l  por-  
t i o n s  of  t h e  h o r i z o n t a l  h o l e s  d r i l l e d  i n  
rock  would c a v e ,  making r e e n t r y  d i E f i c u l t  
o r  i m p o s s i b l e  when t h e  d r i l l  p i p e  was 
removed. The p o r t i o n s  of EM-19 d r i l l e d  
i n  roo f  and f l o o r  s h a l e s  were a  c o n s t a n t  
s o u r c e  of  problems.  I n  c o n t r a s t ,  m a l l  
d i a m e t e r  (75-100 mm o r  3-4 i n )  h o r i z o n t a l  
h o l e s  d r i l l e d  i n  c o a l  from w i t h i n  n i n e s ,  
have c o n s i s t e n t l y  been  found t o  s t a y  open 
f o r  many y e a r s ,  e x c e p t  when d r i l l e d  i n  
s t r e s s e d  zones  nea r  mine open ings .  The 
b e s t  method developed i n  t h e  Emerald 
d r i l l i n g  p r o j e c t  t o  d r i l l  h o r i z o n t a l  
h o l e s  was t o  a t t e m p t  t o  f o l l o w  t h e  
r e g i o n a l  d i p  of t h e  c o a l b e d  and d r i l l  a s  
r a p i d l y  a s  p o s s i b l e .  When a  h o l e  l e f t  
t h e  c o a l b e d ,  a  s i d e t r a c k ,  e i t h e r  d i r e c t l y  
up o r  down, a s  r e q u i r e d ,  was performed a s  
soon a s  i t  was c e r t a i n  t h a t  t h e  h o l e  was 
r e a l l y  i n  r o c k  ( f i g .  19 ) .  The s i d e t r a c k  
was s t a r t e d  back f a r  enough t o  p r o v i d e  
s u f f i c i e n t  d i s t a n c e  t o  a v o i d  immedia te ly  
d r i l l i n g  o u t  of  t h e  c o a l b e d  a g a i n .  The 
optimum s u r v e y i n g  i n t e r v a l  f o r  t h i s  h o r i -  
z o n t a l  d r i l l i n g  program was found t o  b e  
be tween 12 and 18 m (40-60 f t ) .  T h i s  
program was used i n  d r i l l i n g  t h e  l a s t  
600 m ( 2 , 0 0 0  f t )  of  HZ and th roughou t  t h e  
d r i l l i n g  o f  H3. 

It was found t h a t  i n  h o r i z o n t a l  
d r i l l i n g ,  some type  of  a d d i t i v e s  t o  t h e  



d r i l l i n g  f l u i d  a r e  r e q u i r e d  f o r  removal  
o f  c u t t i n g s  and h i g h e r  f l o w  r a t e s  t h a n  
c a n  r e a s o n a b l y  be r u n  th rough  t h e  Dyna- 
D r i l l  a r e  r e q u i r e d  f o r  c l e a n i n g  t h e  h o l e .  
I t  i s  recommended t h a t  a  bypass  v a l v e  
c a p a b l e  of d e l i v e r i n g  5.7 t o  9.1 m3/h 
(25-30 g a l / m i n )  t o  t h e  Dyna-Dril l  a t  d i f -  
f e r e n t i a l  p r e s s u r e s  of  3 ,400 t o  4,800 kPa 
(500-700 ~ b / i n ~ ~ )  and b y p a s s i n g  a n  a d d i -  
t i o n a l  14 m3/h ( 6 1  g a l / m i n )  he  used t o  
improve c u t t i n g s  removal .  

F i n a l l y ,  i t  was l e a r n e d  d u r i n g  t h e  
h o r i z o n t a l  d r i l l i n g ,  t h a t  t h e  BQ w i r e l i n e  
r o d  used was no t  s t r o n g  enough f o r  t h i s  
t y p e  of  d r i l l i n g .  The b o x e s  of t h e  p i p e  
began  t o  open and t h e  p i n s  s t r e t c h e d  
u n t i l  even a  r e l a t i v e l y  s m a l l  p u l l  c o u l d  
s e p a r a t e  t h e  p i p e  a t  a  t o o l  j o i n t .  For- 
t u n a t e l y ,  t h e  h i g h e s t  t e n s i l e  s t r e s s e s  
a r e  n e a r  t h e  s u r f a c e  and s e p a r a t i o n s  usu- 
a l l y  took  p l a c e  above 180 m (600 f t )  MD. 
I t  was r e l a t i v e l y  e a s y  t o  sc rew back  i n t o  
t h e  s e p a r a t e d  j o i n t  of  p i p e ,  p u l l  i t  o u t  
of  t h e  h o l e ,  and remove i t .  However, by  
t h e  end o f  t h e  p r o j e c t  a p p r o x i m a t e l y  one- 
h a l f  of t h e  BQ p i p e  had been  r e j e c t e d  a s  
no l o n g e r  s u i t a b l e  f o r  f u r t h e r  d r i l l i n g .  
A b e t t e r  p i p e  f o r  t h i s  work would p e r h a p s  
b e  a  60-mm (2-318 i n )  0.d. i n t e r n a l  and 
e x t e r n a l  f l u s h - j o i n t  c a s i n g  o r  a  t u b i n g  
s i m i l a r  t o  BQ rod w i t h  t h e  same w a l l  
t h i c k n e s s  and i n t e r n a l l y  f l u s h - j o i n t ,  b u t  
w i t h  a  s l i g h t  h i g h l y - t a p e r e d  e x t e r n a l  
u p s e t  t o  s t r e n g t h e n  t h e  c o n n e c t i o n s .  

Reaming 

Both BCQ d r i l l  rod (56-m o r  
2-3116-in 0.d.) and a p p r o x i m a t e l y  1  m 
( 3  f t )  l o n g  s t i n g e r s  were used  t o  g u i d e  
t h e  reaming b i t s  a l o n g  t h e  p i l o t  h o l e  
pa th .  It was found t h a t  t h e  u s e  of  a  
s t i n g e r  i s  t h e  s i m p l e r ,  e a s i e r ,  c h e a p e r ,  
and s a f e r  of t h e s e  two methods of 

f o l l o w i n g  t h e  p i l o t  h o l e .  However, pre-  
c a u t i o n s  shou ld  be t a k e n  t o  i n s u r e  t h a t  
t h e  p i l o t  h o l e  w i l l  s t a y  open d u r i n g  
reaming.  These p r e c a u t i o n s  should  
i n c l u d e  t h e  u s e  o f  muds t o  p r e v e n t  f l u i d  
l o s s  t o  w a t e r - s e n s i t i v e  s h a l e s  which 
cou ld  c a u s e  c a v i n g  o f  t h e  p i l o t  ho le .  

I n  o r d e r  t o  r educe  t h e  problems 
of l o s t  c i r c u l a t i o n ,  i t  might  a l s o  be 
p ruden t  t o  p l a n  f o r  t h e  u s e  o f  an i n t e r -  
m e d i a t e  c a s i n g  s t r i n g  s e t  below t h e  l o c a l  
wa te r  t a b l e  ( s i n c e  many d i r e c t i o n a l  
d r i l l i n g  s i t e s  a r e  l i k e l y  t o  b e  on h i l l -  
t o p s  t o  o b t a i n  t h e  r e q u i r e d  c o v e r  f o r  
d r i l l i n g  t h e  c i r c u l a r  a r c ) .  T h i s  cou ld  
mean e i t h e r  s p l i t t i n g  up  t h e  p i l o t  h o l e  
d r i l l i n g  o p e r a t i o n  by  s t o p p i n g  a t  t h e  
f i r s t  c a s i n g  p o i n t ,  and t h e n  reaming and 
s e t t i n g  t h e  i n i t i a l  c a s i n g  b e f o r e  f i n i s h -  
i n g  t h e  p i l o t  h o l e  o r  s imply  reaming t h e  
h o l e  i n  a l a r g e r  s i z e  t o  t h e  i n t e r m e d i a t e  
c a s i n g  p o i n t .  

B i t s  

It i s  recommended t h a t  diamond b i t s  
be used f o r  a l l  o f  t h e  d r i l l i n g  ope ra -  
t i o n s .  I n  p a r t i c u l a r  t h e  76-m ( 3  i n )  
d i a m e t e r  diamond deep  cone  b i t  SN-8S54000 
( t a b l e  3)  was found t o  b e  ve ry  e f f e c t i v e  
f o r  h o r i z o n t a l  d r i l l i n g  and a l lowed  r a p i d  
s i d e  t r a c k i n g .  I n  g e n e r a l ,  t h e  diamond 
b i t s  were more e f f i c i e n t  b e c a u s e  o f  t h e i r  
l ong  l i f e  and lower  o v e r a l l  c o s t ,  due t o  
t h e i r  h i g h  s a l v a g e  v a l u e  ( t a b l e s  3-4). 
The S t r a t a - P a x  b i t  d e s i g n s  used  i n  t h i s  
p r o j e c t  a r e  n o t  recommended e i t h e r  f o r  
reaming o r  Dyna-Dril l  u s e  u n l e s s  s i g n i f i -  
c a n t  improvements a r e  made. T e s t i n g  o f  
t r i c o n e  b i t s  o r  h o l e  o p e n e r s  f o r  reaming 
work would a l s o  b e  wor thwhi l e  s i n c e  even 
t h e  diamond reaming b i t s  were ve ry  i n e f -  
f i c i e n t  and e x p e n s i v e .  



APPENDIX A.--EM-19, DETAILED TIME BREAKDOWN OF DRILLING OPERATIONS 

D r i l l i n g  O p e r a t i o n s .  Time i n  Hours 

-..-.. 
O p e r a t i o n s  

. ...... 
Normal : ............ D r i l l i n g  o r  reaming ...................... Survey ing  ................ Rig maintenance  

C i r c u l a t i n g  h o l e  o r  l o s t  c i r c u -  .............. l a t i o n  t r e a t m e n t  ....................... Plugback 
P i p e  t r i p  ...................... ............ S t a r t u p  & s h u t  down ........... Mix mud & h a u l  w a t e r  ................. Wait on cement 

7 .. 
P i l o t  
h o l e  

262.5 
86 

3 

47 
0 

50.75 
6.25 

27.5 
13.75 

S t i m u l a t i o n  t r e a t m e n t  w a i t i n g  
t i m e  .......................... ........................ Wai t ing  33 . .......... Off days  and h o l i d a y s  544 336 

T o t a l  ....................... 1.137.25 1.073.25 
Downtime : 

F i s h i n g  ........................ 
Mud pumps ...................... 
Survey l i n e  and pump-down t o o l  . 
Survey i n s t r u m e n t  .............. 
Dyna-Dril l  ..................... ........... P i p e  and b i t  f a i l u r e  
Rig ............................ 115.5 

................. Grand t o t a l  
l ~ i s h i n g  o p e r a t i o n s  p r i m a r i l y  caused  by a  b i t  f a i l u r e  . 

P e r c e n t  of  O p e r a t i n g  Time 

. 
Downtime : ......... A s  a p e r c e n t a g e  of  a l l  t ime  .................. Exc lud ing  o f f  t ime  
D r i l l i n g  : ......... A s  a p e r c e n t a g e  of  a l l  t ime  

Exc lud ing  o f f  t ime  .................. ... Exc lud ing  o f f  t ime  and downtime.. 
Su rvey ing  : ......... A s  a p e r c e n t a g e  of  a l l  t ime .................. Exc lud ing  o f f  t ime  ..... Excluding o f f  t i m e  and downtime 

I P i l o t  h o l e  

20 . 2 
26.9 

27.2 
36.2 
49.6 

8 .9  
11.9 
16.2 

Reaming H 1  T o t a l  

22.9 
33.7 

20.6 
30.3 
45.6 

18.1 
11.9 
17.9 



APPENDIX B.--PROJECT CHRONOLOGY 

D i r e c t i o n a l  D r i l l i n g  f o r  Degasif  i c a t i o n  of  t h e  P i t t s b u r g h  Coalbed,  
Greene County, Pa., DOE C o n t r a c t  NO. ET-77-C-01-8891, 

O r i g i n a l l y  Bureau of  Mines C o n t r a c t  50377050 

P r o j e c t  I n i t i a t i o n  and S i t e  P r e p a r a t i o n  

J a n u a r y  1976 Bureau of  Mines began s e a r c h  f o r  new d r i l l i n g  s i t e  a f t e r  t e r m i n a t i o n  
o f  Mather 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 .  

Mar. 16 ,  1977 D r i l l i n g  and d i r e c t i o n a l  c o n t r o l  r e q u e s t s  f o r  p r o p o s a l s  (RFP's )  
r e l e a s e d  f o r  b i d .  

Sep t .  6 , 1 9 7 7  C o o p e r a t i v e a g r e e m e n t s i g n e d w i t h E m e r a l d M i n e C o r p .  

Sep t .  27,  1977 D r i l l i n g  c o n t r a c t  s i g n e d  w i t h  Harold  Fa  S c o t t ,  C o n t r a c t o r .  O r i g i n a l  
s i t e  a t  Emerald Mine no t  o b t a i n e d  because  of  problem w i t h  g a s  
r i g h t s .  

Oct. 1 ,  1977 C o n t r a c t  t r a n s f e r r e d  t o  DOE wi th  p r o j e c t  management remaining 
w i t h  Bureau of  Mines. 

Oct .  27, 1977 M o d i f i c a t i o n  of c o n t r a c t  s igned  t o  d e l a y  n o t i c e  t o  proceed f o r  
a p p r o x i m a t e l y  90 days  due t o  t h e  Emerald Mines d i f f i c u l t y  i n  f i n d -  
i n g  a  new s i t e .  

December 1977- Coal s t r i k e  p rec luded  s t a r t  of  d r i l l i n g  o p e r a t i o n s  because  of  r e -  
March 1978 qu i remen t  t o  use  UMWA l a b o r .  

J an .  25,  1978 A l l  r e s p o n s e s  t o  d i r e c t i o n a l  c o n t r o l  RFP d e c l a r e d  u n a c c e p t a b l e .  

Feb. 21, 1975 Proposed m o d i f i c a t i o n  t o  c o n t r a c t  w i t h  Harold  F. S c o t t ,  C o n t r a c t o r ,  
t o  d r i l l  c o r e  h o l e ,  dewa te r  h o l e ,  and s u b c o n t r a c t  d i r e c t i o n a l  con- 
t r o l  work, submi t t ed  t o  DOE Washington O f f i c e  s t a f f  e n g i n e e r .  

Apr. 7 ,  1978 Proposed m o d i f i c a t i o n  t o  c o n t r a c t  w i t h  Harold  F. S c o t t ,  C o n t r a c t o r ,  
t o  d r i l l  s even  v e r t i c a l  m o n i t o r i n g  h o l e s  s u b n i t t e d  t o  DOE Wasington 
O f f i c e  s t a f f  e n g i n e e r .  

May 1978 Emerald Mines Corp. s e c u r e d  a c c e p t a b l e  d r i l l i n g  s i t e .  

June  1978 Emerald Mine Corp. began p r e p a r a t i o n  of  d r i l l i n g  s i t e .  

J u l y  10 ,  1978 Not i ce  t o  proceed on o r i g i n a l  d r i l l i n g  s p e c i f i c a t i o n s  r e c e i v e d  by 
Harold  F. S c o t t ,  C o n t r a c t o r .  Ac tua l  d r i l l i n g  o p e r a t i o n s  cou ld  not  
proceed pending a p p r o v a l  of  c o n t r a c t  m o d i f i c a t i o n s  s u b n i t t e d  t o  t h e  
DOE,  Feb. 21 and Apr. 7 ,  1978. 

Aug. 15 ,  1978 C o n t r a c t o r  began m o b i l i z a t i o n  of  equipment t o  d r i l l i n g  s i t e .  

Aug. 22, 1978 C o n t r a c t  w i t h  Harold  F. S c o t t ,  C o n t r a c t o r ,  mod i f i ed  t o  i n c l u d e  
d r i l l i n g  a  c o r e  h o l e ,  dewa te r  h o l e ,  and s u b c o n t r a c t  d i r e c t i o n a l  
c o n t r o l  s e r v i c e s .  Cos t :  $385,498.37. (Time r e q u i r e d  f o r  a p p r o v a l  
of  c o n t r a c t  m o d i f i c a t i o n ,  6  months.) 



Core Hole Drilling 

Sept. 7, 1978 Contractor began drilling core hole at anticipated location of 
intercept of the Pittsburgh coalbed by the directional hole. 

Sept. 21, 1978 Core hole conpleted to a depth of 231 m (759 ft). 

Dewatering Hole Drilling 

Sept. 26, 1978 Contractor began drilling dewater hole with Government-owned drill 
rig near anticipated intercept of the Pittsburgh coalhed. 

Sept. 28, 1978 Contract with Harold Fa Scott, Contractor, modified to include the 
drilling of seven monitoring holes, cost: $443,196.35. (Time 
required for approval of contract modification, 5-112 months.) 

Oct. 11, 1978 Emerald Mines Corp. began site preparation for vertical monitoring 
holes. 

Oct. 18, 1978 Drilling of first vertical monitoring hole began. Dewater hole con- 
pleted to depth of 274 m (900 ft). Casing (178-mm (7-in) 0.d.) run 
and cemented. 

Directional Hole Pilot Hole 

NOV. 1, 1978 Government-owned rig moved to and set up on directional drilling 
site. 

NOV. 2, 1978 Drilling operations on directional hole begun. 

NOV. 21, 1978 Casing jet-slotted adjacent to Pittsburgh coalbed in dewater hole. 

Dec. 19, 1978 Pilot hole (76-nn (3-in diameter)) to Pittsburgh coalbed completed 
to a total measured depth of 503 rn (1,649 ft) (305 m true vertical 
depth). 

Dec. 23, 1978- Project shut down for Christmas holiday. 
Jan. 2, 1979 

Reaminn Operation 

Jan. 8, 1979 Began overreaming directional hole from 76 to 222 mm (3 to 
8-314 in). 

Jan. 9, 1979 Directional hole reamed to 58 m (191 ft) MD. Severe lost- 
circulation problems. 

Jan. 15, 1979 Began reaming directional hole to 251-mm (9-718-in) diameter from 
surface to 34 m (110 ft) for installation of 244-mm (9-518-in) 
intermediate casing to control lost circulation. 

Jan. 23, 1979 Intermediate casing string parted while running to bottom, leaving 
9 m (30 ft) stuck in hole. 

Jan. 24, 1979 Began recovery operations for stuck casing. 

Jan. 26, 1979 Drilling and casing of seven vertical monitoring holes completed. 



J a n .  30 ,  1979 

Feb. 1 ,  1979 

Feb. 9 ,  1979 

Feb. 13 ,  1979 

Feb. 20 ,  1979 

Feb. 21,  1979 

Feb. 23,  1979 

Mar. 13 ,  1979 

Mar. 30, 1979 

Apr. 4 ,  1979 

Apr. 17 ,  1979 

Apr. 25, 1979 

May 4 ,  1979 

May 9 ,  1979 

May 10 ,  1979 

May 11 ,  1979 

May 14,  1979 

May 18,  1979 

May 24, 1979 

R e t r i e v e d  9  m ( 3 0  f t )  of s t u c k  244-nn (9-518-in) c a s i n g .  Ran 34 m 
(112  f t )  of  new 244-mm (9-518-in)  c a s i n g  i n  d i r e c t i o n a l  h o l e .  

P u l l e d  worn S t r a t a - P a x  b i t  a t  8 3  m ( 2 7 3  f t )  and swi t ched  t o  diamond 
b i t .  

"Backed o f f "  BCQ w i r e l i n e  rod  w h i l e  pour ing  l o s t - c i r c u l a t i o n - c o n t r o l  
m a t e r i a l  i n  t h e  ho le .  Began f i s h i n g  o p e r a t i o n s  t o  r e t r i e v e  BCQ 
rod .  

F i shed  39.6 m (130 f t )  o f  BCQ rod  from d i r e c t i o n a l  h o l e .  Obtained 
c o r e  of  P i t t s b u r g h  coa lbed  from v e r t i c a l  m o n i t o r i n g  h o l e  EM-21. 

Obta ined c o r e  of P i t t s b u r g h  coa lbed  from v e r t i c a l  m o n i t o r i n g  h o l e  
EM-22. 

Changed t o  f l a t - f a c e d  S t ra t a -Pax  b i t  a t  d e p t h  of  186 m (612 f t ) .  
Bit-crown s e p a r a t e d  from shank a t  189 m (620 f t ) .  Began f i s h i n g  
o p e r a t i o n s .  

Ran n i l 1  t o  g r i n d  up bi t-crown. M i l l  c u t  25.4-nm (1 - in )  p i p e  a t  
a b o u t  36.6 m (120 f t ) .  Began f i s h i n g  o p e r a t i o n s  f o r  25.4-mm (1 - in )  
p i p e  and BCQ rod .  

Ran downhole TV camera. Removed main s t r i n g  of  25.4-mm (1 - in )  p i p e  
and a l l  of  t h e  BCQ w i r e l i n e  rod .  

Bit-crown s p e a r e d  and r e t r i e v e d .  

Resumed reaming o p e r a t i o n s  w i t h  t h i r d  S t r a t a -Pax  b i t ,  u s i n g  s t i n g e r  
t o  g u i d e  i t  a l o n g  t h e  76-mm (3 - in )  p i l o t  h o l e .  

S t r a t a -Pax  b i t  removed a t  257 m (842 f t )  due  t o  wear.  Second d i a -  
mond b i t  run .  

Obta ined c o r e  of P i t t s b u r g h  coa lbed  from v e r t i c a l  m o n i t o r i n g  h o l e  
EM-24. 

Obta ined c o r e  of  P i t t s b u r g h  c o a l b e d  from v e r t i c a l  mon i to r ing  h o l e  
EM-25. 

Reaming o f  d i r e c t i o n a l  h o l e  comple ted  a t  491 m (1 ,612  f t ) .  

Ran 486 m (1 ,595  f t )  of  140-mm (5-112-in) c a s i n g  i n  d i r e c t i o n a l  
h o l e .  Obta ined c o r e  of  P i t t s b u r g h  c o a l b e d  from v e r t i c a l  m o n i t o r i n g  
h o l e  EM-23. 

Cas ing  cemented i n  d i r e c t i o n a l  h o l e .  

Cas ing  p l u g  d r i l l e d  o u t .  

D r i l l e d  27 m ( 9 0  f t )  o f  76-m ( 3 - i n )  h o r i z o n t a l  h o l e  i n  p r e p a r a t i o n  
f o r  h y d r a u l i c  s t i m u l a t i o n  of  EM-20. 

EM-20 h y d r a u l i c a l l y  s t i m u l a t e d  u s i n g  79 .5n3 (21 ,000 g a l )  foam 
t r e a t m e n t .  



H o r i z o n t a l  Hole D r i l l i n g  

May 28, 1979 

J u n e  6-8, 1979 

June  14 ,  1979 

J u n e  20, 1979 

J u n e  26, 1979 

J u n e  29, 1979 

J u n e  30, 1979- 
J u l y  8 ,  1979 

J u l y  11,  1979 

J u l y  13,  1979 

J u l y  19, 1979 

J u l y  20, 1979 

J u l y  24, 1979 

J u l y  25-26, 1979 

J u l y  30, 1979 

Aug. 2 ,  1979 

Aug. 9 ,  1979 

Aug. 14,  1979 

Aug. 15,  1979 

Aug. 16,  1979 

Began d r i l l i n g  h o r i z o n t a l  h o l e  H1. 

Shut  down w h i l e  r e p l a c i n g  r i g  c l u t c h .  H1 a t  716.6 m ( 2 , 3 5 1  f t )  
MD . 

D r i l l e d  t o  801.9 n ( 2 , 6 3 1  f t )  MD. P u l l e d  back t o  674.2 m 
( 2 , 2 1 2  f t )  MD t o  s i d e t r a c k .  

D r i l l e d  t o  808.3 m (2 ,652  f t )  MD. 

Proposed m o d i f i c a t i o n  of  c o n t r a c t  w i t h  Harold F. S c o t t ,  Contrac-  
t o r  t o  r e c o v e r  funds  expended d u r i n g  u n a n t i c i p a t e d  f i s h i n g  
o p e r a t i o n s  and l o s t  c i r c u l a t i o n  t r e a t m e n t s  s u b m i t t e d  t o  DOE 
Washington O f f i c e  s t a f f  e n g i n e e r .  

Shut  down f o r  Independence  Day. 

H1 r e a c h e s  maximum d e p t h  of  1,024.7 m (3 ,362  f t )  Mn. A f t e r  p u l l -  
i n g  t o o l s  t o  change Dyna-Dri l l ,  cou ld  n o t  g e t  back i n t o  H1. 

Begin H2 a t  491.3 m (1 ,612 f t )  MD. 

H2 d r i l l e d  t o  701.6 m (2 ,302  i t )  MD. P u l l e d  Dyna-Dril l  and could  
n o t  g e t  back t o  t h e  bottom of H2. 

Began s i d e t r a c k  of H2 a t  604.1 m (1 ,982 f t )  MD. 

H2 a t  721.2 m (2 ,366 f t )  MD. Dyna-Dril l  f a i l e d  and t o o l s  p u l l e d .  
B i t  and r o t a t i n g  sub  l e f t  i n  t h e  h o l e .  

F i s h i n g  f o r  b i t .  B i t  l e f t  i n  t h e  h o l e  a t  642.8 m (2 ,109  f t )  MD 
i n  H2-2. 

Begin s i d e t r a c k  H2-3 a t  591.9 m (1 ,942 f t )  MD. 

H2 p a s s e s  701 m (2 ,300  f t )  Mn. 

Began c l e a n i n g  t h e  h o l e  w i t h  Con-Det and Torque-Trim. 

H2 d r i l l e d  t o  1,030.8 m (3 ,382  f t )  MD. P u l l e d  t o o l s  when Dyna- 
D r i l l  would n o t  s t a r t .  

Could n o t  g e t  t o o l s  p a s t  512.7 m (1 ,682  f t )  MD. 

Washed d r i l l  s t r i n g  back i n t o  H2. 



Aug. 31 ,  1979 Completed h o l e  H2 a t  1 ,463 .6  n ( 4 , 8 0 2  f t )  MD. A t o t a l  o f  977.5 m 
( 3 , 2 0 7  f t )  o f  h o r i z o n t a l  h o l e .  

S e p t .  4 ,  1979 Beg in  s i d e t r a c k i n g  H3 a t  497.4 m ( 1 , 6 3 2  f t )  MD. 

S e p t .  1 2 ,  1979 H3 a t  927.2 m ( 3 , 0 4 2  f t )  MD. 

S e p t .  1 8 ,  1979 C o n t r a c t  w i t h  H a r o l d  F. S c o t t ,  C o n t r a c t o r ,  m o d i f i e d  t o  r e c o v e r  
f u n d s  expended  d u r i n g  u n a n t i c i p a t e d  f i s h i n g  o p e r a t i o n s  and  l o s t -  
c i r c u l a t i o n  t r e a t m e n t s .  M o d i f i c a t i o n  v a l u e :  $244,764.26.  (Time 
r e q u i r e d  f o r  a p p r o v a l  o f  c o n t r a c t  m o d i f i c a t i o n ,  2-314 mon ths . )  

S e p t .  21 ,  1979 H3 a t  t o t a l  d e p t h  o f  1 ,398 .4  m ( 4 , 5 8 8  f t )  MD. 

S e p t .  26 ,  1979 H4 s t a r t e d  a t  488.3 m ( 1 , 6 0 2  f t )  MD. 

Oc t .  1 ,  1979 H4 t e r m i n a t e d  a t  750.4 m ( 2 , 4 6 2  f t )  MD. H5 s t a r t e d  a t  488.3 m 
( 1 , 6 0 2  f t )  MD. 

Oc t .  5 ,  1979 H5 t e r m i n a t e d  a t  701.6 m ( 2 , 3 0 2  f t )  MD. 

Under reaming  

Oct .  8-9, 1979 EM-19 opened  f rom 76 t o  216 mn ( 3  t o  8-112 i n )  be tween  486.2 and  
531  m (1 ,595 -1 ,742  f t )  MD. Hole  e n t e r e d  c o a l  a t  522 m ( 1 , 7 1 2  f t )  
MD. 

We1 1 Comple t i on  Work 

Oct .  1 0 ,  1979 P roposed  m o d i f i c a t i o n  t o  c o n t r a c t  w i t h  Ha ro ld  F. S c o t t ,  Con t r ac -  
t o r ,  f o r  a  no -cos t  t i m e  e x t e n s i o n  t o  May 26 ,  1980 ,  s u b m i t t e d  t o  
DOE Methane f rom C o a l b e d s  p r o j e c t  manage r ,  Morgantown, W. Va. 

Oct .  15-20, 1979 C leaned  o u t  and  b a i l e d  w a t e r  f r om EM-20. 

Oct .  22-26, 1979 B a i l e d  a n d  swabbed EM-20. 

Oct .  26 ,  1979 C o n t r a c t  w i t h  Ha ro ld  F. S c o t t ,  C o n t r a c t o r ,  m o d i f i e d  f o r  a  no- 
c o s t  t i m e  e x t e n s i o n  t o  May 26 ,  1980.  (Time r e q u i r e d  f o r  a p p r o v a l  
o f  c o n t r a c t  m o d i f i c a t i o n ,  16  d a y s . )  

Nov. 5 ,  1979 Ran t u b i n g  a n d  r o d s  i n  EM-20. 

Nov. 6-7, 1979 Pumped EM-20 w i t h  s p u d d i n g  r i g .  I n s t a l l e d  EM-19 w e l l h e a d .  

Nov. 9 ,  1979 S e t  punp ing  u n i t  o n  EM-20. 

Nov. 1 5 ,  1979 Mine hooked up power l i n e s  t o  EM-20. Begin  pumping water a t  
20.4 n 3 / d  ( 1 2 8  b b l / d ) .  

Well T e s t i n g  and  P r o d u c t i o n  

Dec. 4-7, 1979 A t t emp ted  t o  c i r c u l a t e  w a t e r  i n  EM-19 t o  c l e a n  up  w e l l  a n d  i n -  
c r e a s e  w a t e r  p r o d u c t i o n  a t  EM-20. 



Dec. 17-19, 1979 

Dec. 20-21, 1979 

Dec. 27, 1979 

Dec. 28, 1979 

Jan.  2 ,  1980 

Jan.  3, 1980 

Jan.  4 ,  1980 

Jan.  7-8, 1980 

Jan.  9 ,  1980 

J a n  10,  1980 

Jan.  11,  1980 

Jan.  14,  1980 

Jan.  15, 1980 

Jan.  16 ,  1980 

Jan.  17 ,  1980 

Pumped wa te r  i n t o  EM-20 a t  up t o  8 ,860 kPa (1 ,285  ~ b / i n ~ ~ )  and 
0.15 t o  0.3 n3/min (1-2 b h l j n i n )  i n  a t t e m p t  t o  f r a c t u r e  t h e  c o a l  
and move c u t t i n g s  t o  EM-19. C i r c u l a t e  water  a t  EM-19 t o  remove 
c u t t i n g s .  

Using compressed-ai r  l . i f t  t o  dewater EM-19. EM-20's sucker  rod 
pump a l s o  pumping. 

Working on EM-19 wel lhead equipment. 

Se t  up f l a r e  s t a c k  f o r  EM-19. 

Completed EM-19 f l a r e  s t a c k .  Ran BQ rod t o  335 m (1 ,100 f t )  i n  
EM-19 t o  a i r  l i f t  water from t h e  ho le .  Began a i r  l i f t  a t  
1245 hours .  Shut down a t  1530 hours.  

Blowing wa te r  from EM-19 between 0800 and 1600 hours .  Ran BQ rod 
t o  515 m (1 ,690  f t )  MD ( i n  t h e  open h o l e ) .  P u t t i n g  up t h e  f l a r e  
s t a c k  on EM-20. 

Blowing wa te r  f r o n  EM-19 between 0800 and 1600 hours .  Completed 
i n s t a l l i n g  f l a r e  s t a c k  on EM-20. 

Blowing wa te r  from EM-19 between 0800 and 1600 hours .  P u l l e d  pipe  
back t o  484.6 m (1 ,590 f t ) .  

Blowing wa te r  from EM-19 (0800 t o  1600 h o u r s ) .  I n s t a l l e d  f l o a t  
w a t e r - l e v e l  s e n s o r  i n  EM-27. 

Blowing wa te r  from EM-19 (0800 t o  1600 h o u r s ) .  T o t a l  p roduc t ion ,  
approx imate ly  40 m 3  (250 b b l ) .  F l o a t  d e v i c e s  hooked up on EM-21, 
25, and 26. 

Blowing wa te r  from EM-19 (0800-1600 h o u r s ) .  F l o a t s  hooked up on 
EM-22, 23, and 24. 

Blowing wa te r  from EM-19 (0800 t o  1600 h o u r s ) .  T o t a l  p roduc t ion  
58 m 3  (365 b b l ) .  Pu l l ed  pump and rods  f r o n  EM-20. Pumped 
approx imate ly  36 m 3  (225 b b l )  of  wa te r  i n t o  EM-20 a t  6,500 t o  
6 ,890 kPa (950-1,000 ~ b / i n ~ ~ )  s u r f a c e  p r e s s u r e  between 1145 and 
1338 hours .  

Blowing wa te r  f r o n  EM-19 (0800 t o  1600 h o u r s ) .  T o t a l  p roduc t ion  
46.6 m 3  (293 b b l ) .  Pumped approx imate ly  71.5 m 3  (450 b b l )  of  
wa te r  i n t o  EM-20 a t  6,200 t o  7,240 kPa (900-1,050 l b ~ i n ~ ~ )  su r -  
f a c e  p r e s s u r e ,  between 0935 and 1500 hours.  

Blowing wa te r  from EM-19 (0800 t o  1600 h o u r s ) .  Ran p i p e  t o  
515.1 m (1 ,690  f t )  MD. Pumped approx imate ly  79 m 3  (500 b b l )  of  
wa te r  i n t o  EM-20 between 0900 and 1500 hours .  

Blowing wa te r  from EM-19 (0800 t o  1600 h o u r s ) .  T o t a l  p roduc t ion  
62 m 3  (392 b b l ) .  Pu l l ed  BQ rod back t o  457.2 m (1 ,500 f t )  MD. 
Ran punp and r o d s  hack i n t o  EM-20, and put  i t  back on water 
p roduc t ion .  



Jan .  18 ,  1980 

J a n .  21,  1980 

Jan .  22,  1980 

Jan .  23,  1980 

J a n .  24,  1980 

Jan .  25,  1980 

J a n .  28,  1980 

Feb. 4 ,  1980 

Feb. 5 ,  1980 

Feb. 6 ,  1980 

Feb. 7 ,  1980 

Feb. 8 ,  1980 

Feb. 11,  1980 

Feb. 12 ,  1980 

Feb. 13 ,  1980 

Feb. 15 ,  1980 

Blowing wa te r  from EM-19 (0800 t o  1600 h o u r s ) .  T o t a l  p r o d u c t i o n  
51  m 3  (319 b b l ) .  EM-20 g a s  p r o d u c t i o n  59 n 3 / d  ( 2 , 0 8 0  f t 3 / d ) ,  
w a t e r  16.4 n 3 / d  (103  b b l / d ) .  Well n o t  y e t  pumped down. 

Blowing wa te r  from EM-19 (0800 t o  1600 h o u r s ) .  T o t a l  33 m3 
(207 b b l ) .  EM-20 g a s  f l o w  218 m3/d ( 7 , 7 2 0  f t 3 / d ) ,  w a t e r  7.3 m3/d 
(46  b b l / d ) .  

S t a r t  b lowing EM-19 around t h e  c l o c k  a t  0001. T o t a l  f o r  24 h o u r s ,  
78  m 3  (491  b b l ) .  EM-20 g a s  p r o d u c t i o n  153 m3/d (5 ,400  f t 3 / d ) ,  
w a t e r  2.1 m3/d ( 13 b b l / d ) .  

Blowing wa te r  from EM-19 (24  h o u r s ) .  T o t a l  p r o d u c t i o n  51 m 3  
(321  b b l ) .  

Blowing wa te r  from EM-19 (24 h o u r s ) .  T o t a l  p r o d u c t i o n ,  39 m 3  
(247 b b l ) .  EM-20 g a s  f l o w  251 m3/d ( 8 , 8 7 0  f t 3 / d ) ,  wa te r  1  m3/d 
( 6  b b l / d ) .  

Blowing EM-19 u n t i l  1100 hours .  T o t a l  wa te r  p r o d u c t i o n ,  1 9 n 3  
(119 b b l ) .  P u l l e d  BQ rod  o u t  of t h e  h o l e  a t  1110 hours .  EM-20 
g a s  f low 323 m3/d (11 ,400  f t 3 / d ) ,  wa te r  1  m3/d ( 6  b b l / d ) .  

EM-20 p r o d u c t i o n ,  g a s  137 m3/d (4 ,850  f t 3 / d ) ,  wa te r  5  m3/d 
(31.6 b b l / d ) .  

Ran BQ rod  i n  EM-19. 

Blowing w a t e r  from EM-19, 1220 t o  1600 hours .  EM-20 g a s  f low 
66 m3/d ( 2 , 3 2 0  f t 3 / d ) ,  wa te r  4.7 m3/d (29.4 b b l / d ) .  

Blowing EM-19, 0845 t o  2400 hours .  T o t a l  w a t e r  p r o d u c t i o n  53 m 3  
(336 b b l ) .  EM-20 g a s  f low 131 m3/d ( 4 , 6 5 0  f t 3 / d ) ,  wa te r  
3.1 m3/d (19.5 b b l / d ) .  

Blowing EM-19 ( 2 4  h o u r s ) .  T o t a l  w a t e r  p r o d u c t i o n  52 m 3  (330 b b l ) .  
EM-20 punp, r o d s ,  and t u b i n g  p u l l e d  a t  1120 hours .  

Blowing EM-19 u n t i l  1530 hours .  Pumped w a t e r  i n t o  EM-20, 1034 t o  
1142 h o u r s  and 1259 t o  1415 hours  a t  1.6 t o  2.4 n 3 / h  (10-15 b b l /  
min) .  Maxinun s u r f a c e  p r e s s u r e  9,860 kPa ( 1 , 4 3 0  1 b / i n z g ) ,  a v e r -  
a g e  p r e s s u r e  8 ,600  kPa ( 1 , 2 5 0  1 b / i n z g ) .  T o t a l  volume pumped 
217 m 3  ( 1 , 3 6 3  b b l ) .  

Put  pump back i n  EM-20. Pump on c o n t i n u o u s l y  th rough  
May 31,  1980. 

EM-20 g a s  f low 64 m3/d (2 ,270  f t 3 / d ) ,  wa te r  20.4 m3/d 
( 128.5 b b l / d )  . 

Emerald Mine b e g i n s  punping w a t e r  from No. 2  r e t u r n  s h a f t  n e a r  
EM-25. Depth t o  P i t t s b u r g h  c o a l  189 m (620 f t ) .  

A i r  s h a f t  w a t e r  l e v e l  down 11 m ( 3 5  f e e t )  from s u r f a c e .  



Feb. 1 9 ,  1980 

Feb. 21 ,  1980 

Feb. 24-29, 1980 

Feb. 2 5 ,  1980 

Feb. 26 ,  1980 

Feb. 2 7 ,  1980 

Feb. 2 8 ,  1980 

Feb. 2 9 ,  1980 

Mar. 3, 1980 

Mar. 4 ,  1980 

Mar. 1 3 ,  1980 

Mar. 1 4 ,  1980 

Mar. 1 5 ,  1980 

Mar. 1 7 ,  1980 

Mar. 1 8 ,  1980 

Mar. 1 9 ,  1980 

Mar. 20 ,  1980 

EM-20 g a s  f low 104 n 3 / d  ( 3 , 6 7 0  f t 3 / d ) ,  w a t e r  14.9 n3 /d  
(93 .5  b b l / d ) .  S h a f t  w a t e r  l e v e l  61 m (200 f t ) .  

I n c r e a s e  s t r o k e  r a t e  on EM-20 punp from 14 t o  15-112 s t r o k e s  ger mi-nute. Water p r o d u c t i o n  no t  a f f e c t e d .  EM-20 g a s  f low 141 m /d 
( 4 , 9 8 0  f t 3 / d ) ,  w a t e r  14.9 n 3 / d  (93 .5  b b l / d ) .  

EM-25 w a t e r  l e v e l  b e g i n s  t o  d r o p  due t o  s h a f t  d e w a t e r i n g .  

S h a f t  w a t e r  l e v e l  105 m (345  f t )  a t  2330 hour s .  EM-20 g a s  f low 
114 m3/d ( 4 , 0 3 0  f t 3 / d ) ,  wa te r  9.1 m3/d (57  b b l / d ) .  

Reduce EM-20 s t r o k e  r a t e  back  t o  14 s t r o k e s  p e r  minute .  S h a f t  
w a t e r  l e v e l  114 m (374  f t )  be low s u r f a c e .  

S h a f t  w a t e r  l e v e l  121 m (398 f t )  a t  1530 hour s .  EM-20 g a s  f low 
37 m3/d ( 1 , 3 1 0  f t 3 / d ) ,  w a t e r  9.3 n 3 / d  (58 .8  b b l / d ) .  

S h a f t  w a t e r  l e v e l  145 m (475  f t )  a t  2000 tlours. EM-20 g a s  f low 
78  m3/d ( 2 , 7 6 0  f t 3 / d ) ,  w a t e r  8.8 n 3 / d  (55.6 b b l / d ) .  

S h a f t  wa te r  l e v e l  142 m (465  f  t ) .  EM-20 g a s  f low 110 m3/d 
( 3 , 8 9 0  f t 3 / d ) ,  w a t e r  7.9 m3/d ( 5 0  b b l / d ) .  

B a i l i n g  muck frorn a i r  s h a f t ,  w a t e r  l e v e l  152 m (500  f t ) .  

S h a f t  wa te r  l e v e l  168 m (550 f t ) .  EM-20 g a s  f low 118 n 3 / d  
( 4 , 1 6 0  f t 3 / d ) ,  w a t e r  7.8 m3/d ( 4 9  b b l / d ) .  

Ordered  s u b m e r s i b l e  pump f o r  EM-19. EM-20 g a s  f low 132 m3/d 
( 4 , 6 5 0  f t 3 / d ) ,  w a t e r  6.4 n 3 / d  (40 .3  b b l / d ) .  

A i r  s h a f t  dewa te red  t o  t h e  P i t t s b u r g h  c o a l b e d ,  a t  189 m (620  f t ) .  
Water  l e v e l  i n  EM-19, 130 n (430  f t )  above  t h e  P i t t s b u r g h  c o a l -  
b e d ,  o r  a b o u t  1 ,280 kPa (186 1 b / i n 2 g ) .  

A i r  s h a f t  c u t  i n t o  by mining  from 1  West r e t u r n  s e c t i o n .  

Swabbing r i g  cloved t o  EM-24. Begin swabbing a t  1055 h o u r s  w i t h  
i n i t i a l  swabbing d e p t h  51.5 m (168.9 f t ) .  Removed 2.4 m 3  
(640 g a l )  from h o l e  by 1600 h o u r s ,  1.2 m 3  (327 g a l )  of which was 
i n  t h e  c a s i n g  i n i t i a l l y .  EM-20 g a s  f low 141 m3/d ( 4 , 9 8 0  f t 3 / d ) ,  
w a t e r  6.1 m3/d (38 .5  b b l / d ) .  

I n i t i a l  w a t e r  l e v e l  i n  EM-24, 59.4 m (195  f t ) .  Swabbed 1.9 m 3  
(500  g a l ) .  EM-20 g a s  f low 133 m3/d ( 4 ,  710 f t 3 / d ) ,  wa te r  
6.2 n 3 / d  (38 .8  b b l / d ) .  

I n i t i a l  w a t e r  l e v e l  i n  EM-24, 152 m (500 f t ) .  Swabbed 0.5 m 3  
(120 g a l )  and  s h u t  down a f t e r  1200 h o u r s  s o  t h a t  t h e  p r e s s u r e  r e -  
d u c t i o n s  caused  by t h e  a i r  s h a f t  c o u l d  be  de t e rmined .  

F i l l e d  EM-24 and p u t  t h e  w a t e r  l e v e l  s e n s o r  back  on.  EM-20 g a s  
f l o w  141 m3/d ( 4 , 9 8 0  f t 3 / d ) ,  w a t e r  6 .3  m3/d (39.6 b b l / d ) .  EM-19 
g a s  f l o w  ze ro .  



Mar. 21, 1980 

Mar. 24,  1980 

Mar. 26,  1980 

Mar. 27,  1980 

Apr. 1 ,  1980 

Apr. 8 ,  1980 

Apr. 15 ,  1980 

Apr. 23 ,  1980 

Apr. 28,  1980 

Apr. 29,  1980 

May 5 ,  1980 

May 7 ,  1980 

May 8 ,  1980 

May 9 ,  1980 

May 12 ,  1980 

May 14 ,  1980 

EM-20 g a s  f low 147 m3/d (5 ,200  f t 3 / d )  wa te r  5.6 m3/d 3 (35 .5  b b l / d ) .  EM-19 g a s  f low 25 m3/d (872 f t  I d ) .  

EM-20 g a s  f low 309 m3/d (10 ,900  f t 3 / d ) ,  wa te r  6.5 n 3 / d  ( 4 1  b b l / d ) .  
EM-19 g a s  f low 79 m3/d ( 2 , 8 0 0  f t 3 / d ) .  

EM-20 g a s  f low 277 m3/d (9 ,800  f t 3 / d ) ,  wa te r  6.3 m3/d 
(39.7 b b l / d ) .  EM-19 g a s  f low 66 n 3 / d  ( 2 , 3 2 0  f t 3 ) .  

EM-20 g a s  f low 272 m3/d ( 9 , 6 0 0  f t 3 / d ) ,  wa te r  6.0 m3/d ( 3 8  b b l / d ) .  
EM-19 g a s  f low 63  m3/d (2 ,210  f t 3 / d ) .  

EM-20 g a s  f low 283 m3/d (10 ,000  f t 3 / d ) ,  wa te r  5.9 n 3 / d  
(37.4 b b l / d ) .  EM-19 g a s  f low 61 m3/d ( 2 , 1 6 0  f t 3 / d ) .  D i t ch  dug 
t o  r u n  power l i n e  t o  EM-19 we l lhead  f o r  t h e  s u b m e r s i b l e  pump. 

EM-20 g a s  f low 294 m3/d (10 ,370  f t 3 / d ) ,  wa te r  5 . 3 m 3 / d  
(33 .2  b b l / d ) .  EM-19 g a s  f low 73 m3/d ( 2 , 5 7 0  f t 3 / d ) .  

EM-20 g a s  f low 304 m3/d ( 1 0 , 7 3 0 f t 3 / d ) ,  wa te r  5.0 m3/d 
(31 .6  b b l / d ) .  EM-19 g a s  f low 76 n 3 / d  ( 2 , 6 7 0  f t 3 / d ) .  

Submers ib le  pump, c a b l e ,  and c o n t r o l  box d e l i v e r e d  t o  EM-19 d r i l l -  
i n g  s i t e .  EM-20 g a s  f low 314 m3/d (11 ,080  f t 3 / d ) ,  wa te r  4.9 n 3 / d  
(30.7 b b l / d ) .  EM-19 g a s  f low 79 m3/d ( 2 , 8 0 0  f t 3 / d ) .  

Submers ib le  pump r u n  i n  d i r e c t i o n a l  h o l e .  

Submers ib le  pump p u l l e d  from h o l e .  Wires c u t  by c e n t r a l i z e r .  
EM-20 g a s  f low 3 4 2 m 3 / d  (12 ,080  f t 3 / d ) ,  wa te r  4 . 5 m 3 / d  
(28 .2  b b l / d ) .  EM-19 g a s  f low n o t  measured.  

Submers ib le  pump r u n  a g a i n .  S p l i c e  l e a k e d  and s h o r t e d  o u t  pump 
a f t e r  1  hour  of  o p e r a t i o n .  

R e s p l i c e d  submers ib le  pump c a b l e .  EM-20 g a s  f low 384 m3/d 
( 1 3 , 5 8 0  f t 3 / d ) ,  wa te r  4.2 m3/d (26.7 b b l / d ) .  EM-19 g a s  f low 
8 3  m3/d ( 2 , 9 4 0  f t 3 / d ) .  

Pump r u n  i n  EM-19 and check v a l v e  b roke  a t  36 m (120 f t ) .  Pump 
p u l l e d  from t h e  h o l e  u s i n g  t h e  c a b l e .  

P repa red  t o  r u n  pump i n  EM-19 b u t  found t h a t  t h e  motor s e a l s  had 
f a i l e d  when check v a l v e  b roke  and p u t  t e n s i o n  on t h e  c a b l e .  

Motor s e n t  t o  REDA Colunbus r e p a i r  f a c i l i t y  t o  b e  r e s e a l e d .  A new 
motor  a l s o  purchased.  EM-20 g a s  f low 388 m3/d (13 ,720  f t 3 / d ) ,  
w a t e r  f low 4.3 m3/d (27 b b l / d ) .  EM-19 g a s  f low 72 m3/d 
( 2 , 5 5 0  f t 3 / d ) .  

Submers ib le  pump r u n  i n  EM-19. I n i t i a l  wa te r  f low 2.6 m3/h 
(11 .5  g a l / m i n ) .  EM-20 g a s  f low 392 m3/d (13 ,860  f t 3 / d ) ,  wa te r  
f l o w  3.9 m3/d (24.5 b b l / d ) .  EM-19 g a s  f low 69 m3/d 
( 2 , 4 3 0  f t 3 / d ) .  



May 15-16, 1980  Pump r u n  d u r i n g  d a y l i g h t  h o u r s  o n l y  f o r  t e s t i n g  p u r p o s e s .  Dur ing  
t h i s  p e r i o d  i t  was f o u n d  t h a t  g a s  e n t e r i n g  t h e  pump was c a u s i n g  
i t  t o  s h u t  o f f  w i t h o u t  pumping t h e  h o l e  d r y .  A t  t h e  end  o f  t h e  
1 6 t h  t h e  pump was p u t  on f u l l  t i m e  o p e r a t i o n .  

May 1 9 ,  1980  EM-20 g a s  f l o w  469 m3/d ( 1 6 , 5 8 0  f t 3 / d ) ,  w a t e r  3 . 4 m 3 / d  
(21 .4  b b l / d ) .  EM-19 g a s  f l o w  r a t e s  n o t  measured .  

May 20,  1980 EM-20 g a s  f l o w  452 m3/d ( 1 5 , 9 8 0  f t 3 / d ) ,  w a t e r  3 .5  m3/d 
(21 .7  b b l / d ) .  EM-19 g a s  f l o w  141  m3/d ( 4 , 9 8 0  f t 3 / d ) ,  w a t e r  f l o w  
i n t e r m i t t e n t  b u t  l e s s  t h a n  1.6 m3/d ( 1 0  b b l / d ) .  

May 23 ,  1980 L a s t  work ing  d a y  o f  c o n t r a c t .  A l l  equ ipmen t  k e y s ,  e t c . ,  t u r n e d  
o v e r  t o  Government.  

May 30 ,  1980 EM-20 g a s  f l o w  452 m3/d ( 1 5 , 9 8 0  f t 3 / d ) ,  w a t e r  3.6 m3/d 
(22 .8  b b l / d ) .  EM-19 g a s  f l o w  157 m3/d ( 5 , 5 4 0  f t 3 / d ) ,  w a t e r  f l o w  
1  .0  m3/d ( 6  b b l / d ) .  
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