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DRILLING OF HOT DRY ROCK GEOTHERMAL ENERGY E X T R A C T I O N  WELL EE-3 

John C. Rowley and R i c h a r d  S. Carden 

ABSTRACT 

The d r i l l i n g  o f  EE-3, t h e  p r o d u c t i o n  w e l l  o f  t h e  h o t  d ry  rock  
geothermal e n e r g y - e x t r a c t i o n  e n g i n e e r i n g  system a t  t h e  Fenton H i l l  
s i t e ,  was f i n i s h e d  August 25, 1981. EE-3 was des igned t o  be d i r e c -  
t i o n a l l y  d r i l l e d  i n  t h e  i n c l i n e d  r e s e r v o i r  s e c t i o n  t o  be p a r a l l e l  t o  
and spaced v e r t i c a l l y  370 m (1200 f t )  above EE-2, t h e  i n j e c t i o n  w e l l ,  
which was d r i l l e d  a t  35" t o  t h e  v e r t i c a l .  The r e s e r v o i r  hea t  t r a n s -  
f e r  area w i l l  be formed by c r e a t i n g  and e x t e n d i n g  seve ra l  v e r t i c a l  
p a r a l l e l  h y d r a u l i c  f r a c t u r e s  from EE-2 t o  EE-3. EE-3 r e q u i r e d  p re -  
c i s i o n  d i r e c t i o n a l  d r i l l i n g  because t h e  bo reho le  t r a j e c t o r y  had t o  be 
d r i l l e d  w i t h i n  s p e c i f i e d  t o l e r a n c e s  w i t h  respec t  t o  EE-2. Wel l  EE-2 
was d r i l l e d  w i t h  a packed ( s t i f f )  bo t tom-ho le  assembly t h a t  h e l d  t h e  
35" i n c l i n a t i o n ,  b u t  p e r m i t t e d  t h e  bo reho le  t o  t u r n  i n  azimuth.  
D i r e c t i o n a l  d r i l l i n g  exper ience  i n  EE-2 p r o v i d e d  t h e  b a s i s  t o  o p t i -  
m ize  t h e  d i r e c t i o n a l  t r a j e c t o r y  o f  EE-3 t o  w i t h i n  t h e  d e s i r e d  t o l e r -  
ances. 

The EE-3 w e l l  was d r i l l e d  i n t o  h o t  g r a n i t e  r e s e r v o i r  rock  t o  
t o t a l  dep th  a t  370 m (1200 f t )  p a r a l l e l  and above EE-2 a t  a measured 
( d r i l l - s t r i n g )  dep th  o f  4.25 km (13 933 f t ) ,  w i t h  a maximum l a t e r a l  
d e v i a t i o n  o f  about 60 m (180 f t ) .  A bot tom-hole s t a t i c  t empera tu re  
o f  280°C (550°F) i s  est imated.  

Two severe d r i l l  - p i p e  t w i s t - o f f s  extended t h e  d r i l l  i n g  t i m e  o f  
EE-3 t o  461 days. These, and o t h e r  d r i l l i n g  problems, a r e  recorded 
and s o l u t i o n  approaches a r e  d iscussed.  D r i l l  i n g  c o s t s  o f  EE-2/EE-3 
a r e  shown t o  be comparable t o  commercial d r i l l i n g  o f  hydrothermal  
w e l l s  and t o  t h e  US Department o f  Energy sponsored geothermal p ro -  
j e c t s  when these  c o s t  t r e n d s  a r e  e x t r a p o l a t e d  t o  4.5-km (15 0 0 0 - f t )  
depths.  

I .  INTRODUCTION 

The h i g h - p r e c i s i o n ,  c o n t r o l  l e d - t r a j e c t o r y  d r i l l  i n g  o f  EE-3 was d i c t a t e d  

by  t h e  requ i remen ts  o f  t h e  r e s e r v o i r .  The b o r e h o l e  p a t h  was based upon t h e  

su rvey  r e s u l t s ,  i .e., magnet ic  s i n g l e - s h o t  and g y r o  m u l t i s h o t ,  p r e v i o u s l y  
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o b t a i n e d  f o r  t h e  22.2-cm (8 -3 /4 - in . ) -d iam d r i l l e d  p o r t i o n  o f  EE-2. T h i s  

c1000-m (3000- f t )  l e n g t h  o f  bo reho le  was d r i l l e d  a t  an i n c l i n a t i o n  o f  35" and 

was d i r e c t i o n a l l y  o r i e n t e d  i n t o  t h e  n o r t h e a s t  quadrant .  T h i s  a1 iqnment was 

chosen t o  p l a c e  t h e  EE-2 and EE-3 bo reho les  a p p r o x i m a t e l y  normal t o  t h e  p re -  

d i c t e d  no r thwes t -sou theas t  d i r e c t i o n  o f  t h e  p lanes  o f  t h e  h y d r a u l i c  f r a c t u r e s  

o f  t h e  p r e v i o u s  p a i r  o f  h o t  dry rock  (HDR) w e l l s  ( G T - Z / E E - l ) . l  The EE-2 bo re -  

h o l e  was d r i l l e d  by s t i f f  o r  packed-hole h o l d i n g  assembl ies t h a t  h e l d  t h e  

i n c l i n a t i o n  ang le  o f  t h e  b o r e h o l e  b u t  a l l o w e d  t h e  az imuth t o  d r i f t ,  o r  "walk,"  

i n  accordance w i t h  t h e  i n t e r a c t i o n  o f  b i t  and bo t tom-ho le  d r i l l i n g  assembly 

w i t h  t h e  rock.  

The we1 1 bo re  d i r e c t i o n a l  - d r i  11 i n g  parameters s e t  as t a r g e t s  f o r  t h e  r e s e r -  

0 370 m 215 m (1200 +50 f t )  v e r t i c a l l y  above EE-2, 

0 t 3 0  m ('-100 f t )  l a t e r a l  d e v i a t i o n s  f rom t h e  h o r i z o n t a l  p r o j e c t i o n  o f  

t h e  EE-2 t r a j e c t o r y ,  and 
0 t o t a l  dep th  (TD) a t  t r u e  v e r t i c a l  dep th  (TVD) o f  4030 km (13  230 f t ) ;  

d i r e c t l y  above t h e  TD of t h e  EE-2 w e l l b o r e  a t  a TVD o f  4398 m (14 405 

v o i r  p o r t i o n  o f  EE-3 were 

f t ) .  

These o b j e c t i v e s  were met w i t h i n  p r a c t i c a l  d r i  11 i n g  1 i m i  t s  and resource  con- 

s t r a i n t s .  The maximum d e v i a t i o n s  observed were a s l i g h t l y  g r e a t e r  v e r t i c a l  

spac ing of 400 m (1300 f t )  ove r  t h e  upper few meters o f  t h e  r e s e r v o i r ,  

dec reas ing  t o  w i t h i n  370 m 515 m (1200 +50 f t )  below. The w i d e s t  l a t e r a l  

d e v i a t i o n  occu r red  a t  EE-3 TD, 4.247 km (13  933 f t )  measured d e p t h  (MD)* ,  o r  

3.977 km (13 048 f t )  TVD, where t h e  w e l l b o r e  EE-3 had d r i f t e d  t o  t h e  n o r t h  

s l i g h t l y  and i n d i c a t e d  a p o s i t i o n  d i s p l a c e d  about 60 m (180 f t )  n o r t h  as 

e v a l u a t e d  f rom t h e  magnet ic  s i n g l e - s h o t  su rvey  da ta .  The f i n a l  r e l a t i o n  o f  

EE-3 above EE-2 i s  d e p i c t e d  i n  F i g s .  1 and 2, which a l s o  i l l u s t r a t e  t h e  mag- 

n i t u d e s  o f  t h e  d e v i a t i o n s  f rom t h e  t a r g e t s  t h a t  were achieved w i t h  t h e  

c o n t r o l l e d - t r a j e c t o r y  d r i l l i n g  o f  EE-3. 

The d r i l l i n g  p l a n s  f o r  EE-3 c l o s e l y  f o l l o w e d  t h o s e  f o r  EE-2, w i t h  m o d i f i -  

c a t i o n s  and improvements as l e a r n e d  f rom p r e v i o u s  d r i l l i n g  o p e r a t i o n s  and 

t h o s e  changes d i c t a t e d  by t h e  d i r e c t i o n a l  c o n t r o l  r e q u i r e d  t o  p l a c e  EE-3 above 

t h e  r e s e r v o i r  p o r t i o n  o f  EE-2. T h i s  p l a n ,  i n  summary, f o l l o w s .  

* A l l  depths recorded a r e  measured a l o n g  t h e  d r i l l s t r i n g  f rom t h e  e l e v a t i o n  o f  - 
t h e  K e l l y  Bushing (KB), u n l e s s  o t h e r w i s e  noted. The EE-3 KB was 8.2 m (27  
f t )  above ground l e v e l .  
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F i g .  1. 
P l a n  v i e w  o f  EE-2/EE-3 w e l l  t r a j e c t o r i e s  and t o l e r a n c e  band f o r  EE-3 
d i r e c t i o n a l  d r i  1 1  i n g .  

(1) D r i l l  t h e  800-m ( 2 5 0 0 - f t )  s e c t i o n  o f  v o l c a n i c  and sedimentary r o c k s  

as  i n  t h e  E E - 2  plan,' bu t  d r i l l  t h e  l o s t - c i r c u l a t i o n  zones w i t h o u t  r e t u r n s  as 

f a r  as f e a s i b l e  and run  and cement t h e  34.0-crn (13-3/8- in . )  c a s i n g  about 50 rn 
(150 f t )  i n t o  t h e  g r a n i t e .  T h i s  c a s i n g  s t r i n g  would be t e n s i o n e d  a f t e r  

cement ing so as t o  guard a g a i n s t  compressive f a i l u r e  o f  t h e  c a s i n g  upon hea t  

up d u r i n g  p r o d u c t i o n .  

( 2 )  The k i c k o f f  p o i n t  ( K O P )  f o r  d i r e c t i o n a l  d r i l l i n g  o f  t h e  31.1-cm 

(12 -1 /4 - in . ) -d iam bo reho le  was t o  be a t  about 2000-m ( 6 5 0 0 - f t )  dep th  where t h e  

i n c l i n a t i o n  was t o  be r a i s e d  and t h e  az imu tha l  ang le  s t a r t e d  t o  be d i r e c t e d  

i n t o  t h e  n o r t h e a s t  quadrant .  

( 3 )  D i r e c t i o n a l  d r i l l i n g  o f  t h e  31.1-cm (12-1/4- in . ) -d iam h o l e  would con- 

t i n u e  u n t i l  an i n c l i n a t i o n  anq le  o f  35" 51" was e s t a b l i s h e d  and an az imu th  

ang le  of N55" ?5"E, a t  a MD o f  about 3124 m (10 350 f t ) ,  [ a  TVD o f  3109 rn 
(10 200 f t ) ]  a t  a v e r t i c a l  d i s t a n c e  o f  370 A 1 5  m (1200 50 f t )  d i r e c t l y  above 
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I 1 I 

I- 1000 f t  -I 

EE-2 and EE-3 t r a j e c t o r i e s  p r o j e c t e d  i n t o  east -west  v e r t i c a l  p lane  showing 
EE-3 t a r g e t  i n c l i n a t i o n  and v e r t i c a l  - s e p a r a t i o n  t a r g e t  t o l e r a n c e .  

t h e  EE-2 h o l e  d iamete r  r e d u c t i o n  p o i n t .  T h i s  would p l a c e  t h e  EE-3 w e l l b o r e  i n  

such a p o s i t i o n  and o r i e n t a t i o n  so t h a t  t h e  tangen t  t o  t h e  t r a j e c t o r y  would be 

a v e c t o r  p a r a l l e l  t o  t h e  tangen t  t o  t h e  EE-2 w e l l b o r e  t r a j e c t o r y  370 m (1200 

f t )  below. 

( 4 )  D r i l l  a 24.8-cm (9 -7 /8 - in . ) -d iam t r a n s i t i o n  h o l e  about 6.1 m (20 f t )  

( 5 )  D r i l l  reduced h o l e  d iamete r  w i t h  a 22.2-cm (8-3/4- in;)-diam b i t ,  and 

use packed-hole ( s t i f f )  i n c l i n a t i o n - a n g l e - h o l d i n g  assembl ies.  

( 6 )  Take s i n g l e - s h o t  magnet ic surveys eve ry  20 m (60  f t )  and a p p l y  d i r e c -  

t i o n a l  ( a z i m u t h a l )  c o r r e c t i o n s  by use of h igh - tempera tu re  t u r b o d r i l l  runs  as 

l ong .  
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r e q u i r e d  t o  m a i n t a i n  t h e  EE-3 bo reho le  p a t h  p a r a l l e l  t o  EE-2 b o r e h o l e  t o  w i t h -  

i n  t h e  230-111 ( 2 1 0 0 - f t )  h o r i z o n t a l  t o l e r a n c e s  as l i s t e d  above, and d r i l l  t o  TD. 

( 7 )  The w e l l  would be cased w i t h  24.4-cm (9-5/8- in . ) -o .d.  p r o d u c t i o n  

c a s i n g  t o  t h e  bot tom o f  t h e  31.1-cm (12-1/4- in . )  h o l e  a f t e r  t h e  d r i l l i n g  had 

reached t h e  planned TD o f  4.03 km (13  230 f t )  TVD o r  a TD o f  about 4.4-km ( 1 4  

400 f t )  MD. T h i s  p r o d u c t i o n  c a s i n g  s t r i n g  would be run ,  cemented, and 

t e n s i o n e d  t o  p reven t  excess i ve  thermal  growths and s t r e s s e s  a t  t h e  we l l head  

d u r i n g  p r o d u c t i o n .  

T h i s  p l a n  was completed i n  a l l  i t s  e s s e n t i a l  f e a t u r e s  i n  461 days. D i s -  

c u s s i o n  o f  t h e  e a r l i e r  problems w i t h  t h e  EE-2 d r i l l i n g  can be found i n  Refs.  

3, 4, and 5. The e a r l y  p a r t  o f  t h e  EE-3 d i r e c t i o n a l  d r i l l i n q  o p e r a t i o n s  a r e  

rev iewed i n  Refs. 6 and 7, and t h e  d r i l l i n q - f l u i d  system e s t a b l i s h e d  a t  Fenton 

H i l l  f o r  t h e  d r i l l i n g  o f  EE-2 and used f o r  EE-3 i s  documented i n  Ref.  8. 

11. CHRONOLOGY OF DRILLING EE-3 

A. D r i l l i n a  t h r o u a h  t h e  V o l c a n i c s  and Sediments 

The h i s t o r y  o f  t h e  d r i l l i n g  o f  w e l l  EE-3 i s  summarized i n  F i g .  3, a d a i l y  

d r i l l i n g  l o g  i s  i n c l u d e d  as Appendix A,  and t h e  d e t a i l e d  b i t  r e c o r d  i s  

reco rded  i n  Appendix B. Depth p rog ress  i s  p l o t t e d  vs days o f  d r i l l i n g  from 

May 21, 1980, t o  t h e  r i q  r e l e a s e  da te  o f  August 25, 1981, a t o t a l  o f  461 days. 

The d r i l l  r i g  was sk idded f rom t h e  EE-2 s i t e  50 m (165 f t )  t o  t h e  west 

w i t h o u t  l o w e r i n g  t h e  d e r r i c k .  The 76.2-cm (30- in . ) -d iam conduc to r  p i p e  and 

t h e  c e l l a r  had been p r e v i o u s l y  emplaced. A new d r i l l i n g - f l u i d  r e s e r v e  p i t ,  t o  

be used i n  c o n j u n c t i o n  w i t h  t h e  p r e v i o u s l y  excavated E E - 1  and EE-2 r e s e r v e  

p i t ,  and an e x t e n s i o n  o f  t h e  d r i l l  pad had been prepared b e f o r e  s k i d d i n g  t h e  

r i g .  The b o t t o m - h o l e  d r i l l i n g  a s s e m b l y  w i t h  a 62.4-cm ( 2 6 - i n . ) - d i a m  

m i l l e d - t o o t h  b i t  was p i c k e d  up on May 2 1  and t h e  h o l e  was spudded on May 22, 

1980. D r i l l i n g  was performed i n  v o l c a n i c  and sedimentary rocks  w i t h  62.4-cm 

(26 - in . ) -d iam b i t s  t o  a dep th  o f  577 m (1894 f t )  w i t h o u t  s e r i o u s  l o s t -  

c i r c u l a t i o n  problems, b u t  a t  t h i s  depth,  l o s s  o f  d r i l l i n g - f l u i d  c i r c u l a t i o n  

was complete. Two a t tempts  were made t o  cement-of f  t h e  l o s t - c i r c u l a t i o n  zone 

by  pumping cement p l u g s  i n t o  t h e  h o l e  u s i n g  500 sacks o f  t h i x o t r o p i c  cement. 

The h o l e  was d r i l l e d  t h r o u g h  t h e  cemented zone a f t e r  t h e  f i r s t  cement inq 

a t t e m p t ,  and c i r c u l a t i o n  was l o s t  again.  A f t e r  t h e  second cement-plug 

a t tempt ,  t h e  h o l e  was d r i l l e d  i n t o  t h e  cement t o  541 m (1775 f t ) .  Con- 

s i d e r a b l e  s l o u g h i n g  o f  t h e  ho e w a l l s  and b r i d g i n g  o f  t h e  h o l e  above t h e  

5 



l o s t - c i r c u l a t i o n  problem were exper ienced,  and i t  was necessary t o  s e t  t h e  

50.8-cm (ZO-in.)-diam s u r f a c e  c a s i n g  i n  o r d e r  t o  c o n t i n u e  d r i l l i n g .  

F i l l  t h a t  was i n  t h e  bot tom o f  t h e  h o l e  prevented t h e  c a s i n g  f rom reach- 

i n g  t h e  bottom, and t h e  c a s i n g  was s e t  w i t h  t h e  cement ing shoe a t  a 481-111 

( 1 5 8 0 - f t )  depth.  A s l u r r y  c o n t a i n i n g  2400 sacks o f  cement was pumped i n t o  t h e  
annulus beh ind  t h e  50.8-cm (20- in . )  c a s i n g  w i t h o u t  f i l l i n g  t h e  annulus.  Addi-  

t i o n a l  cement s l u r r y  w i t h  650 sacks o f  cement was pumped i n t o  t h e  annulus f r o m  

t h e  s u r f a c e ,  which f i l l e d  i t  t o  t h e  su r face .  

A f t e r  w a i t i n g  f o r  t h e  cement t o  harden, t h e  cement was d r i l l e d  o u t  w i t h  a 

44.5-cm (17-1/2- in . ) -d iam m i l l e d - t o o t h  b i t .  D r i l l i n g  was s t a r t e d  aga in  below 

t h e  cement w i t h  a 44.5-cm (17-1/Z- in . )  b i t ,  and c i r c u l a t i o n  was l o s t  aga in  a t  

567 m (1860 f t ) .  One a t tempt  was made t o  cement up t h e  l o s t  c i r c u l a t i o n  w i t h  

a massive amount o f  cement (2500 sacks) .  T h i s  was unsuccess fu l .  It was 

dec ided t o  d r i l l  on i n t o  t h e  g r a n i t i c  f o r m a t i o n s  w i t h o u t  r e t u r n  o f  t h e  d r i l l -  

i n g  f l u i d .  D r i l l i n g  w i t h o u t  r e t u r n s  was q u i t e  expensive as t h e  wa te r  supp ly  
from La Cueva, 7.5 km (4.5 m i l e s )  away, was exhausted, and most o f  t h e  wate r  

f o r  t h i s  o p e r a t i o n  was hau led  f rom Los Alamos, a d i s t a n c e  o f  45 km (27 m i l e s )  

ove r  mountainous roads. T h i s  a l s o  caused some d e l a y s  because t h e  usage r a t e  

exceeded t h e  p r a c t i c a l  h a u l i n g  r a t e .  The g r a n i t e  was encountered a t  732 m 

(2404 f t ) ,  and t h e  d r i l l i n g  con t inued  t o  783 m (2567 f t ) ,  some 5 1  m (150 f t )  

i n t o  t h e  c r y s t a l l i n e  rock.  

A 34.0-cm (13-3/8- in.)-o.d.  cas ing  was run  i n t o  t h e  h o l e  and cemented i n  

two stages. The f i r s t  s tage c o n s i s t e d  o f  a cement s l u r r y  c o n t a i n i n g  200 sacks 

of cement t o  bond t h e  bot tom o f  t h e  c a s i n g  t o  t h e  g r a n i t i c  f o r m a t i o n  f o r  about 

45 m (150 f t ) .  A f t e r  t h i s  cement was s e t ,  t h e  c a s i n g  was t e n s i o n e d  w i t h  

c a s i n g  j a c k s  t o  a l o a d  o f  373 x 10 N (725 000 l b f ) ;  an a x i a l  s t r e t c h  o f  t h e  

c a s i n g  o f  48 cm (19  i n . )  was recorded a t  t h e  wel lhead.  The t e n s i o n i n g  was 

done t o  p reven t  t h e  occurrence o f  excess i ve  compression l oads  i n  t h e  34.0-cm 

(13-3/8- in.)-0.d.  c a s i n g  when i t  i s  heated by h o t  f l u i d  p r o d u c t i o n  w i t h  t h e  

comp le t i on  o f  t h e  EE-2/EE-3 r e s e r v o i r  system. A c o n s i d e r a b l e  d e l a y  ( 5  days)  

was i n c u r r e d  w h i l e  w a i t i n g  f o r  s u i t a b l e  c a s i n g  j a c k s  t o  a r r i v e .  Next t h e  

c a s i n g  was cemented f rom 428 m (1403 f t )  t o  t h e  s u r f a c e  t h r o u g h  a cement ing 

s tage  c o l l a r  and an expandable e x t e r n a l  c a s i n g  packer  ( s o - c a l l e d  DV t o o l )  t h a t  
had been i n c l u d e d  i n  t h e  c a s i n g  s t r i n g  a t  t h a t  depth.  D r i l l i n g  o p e r a t i o n s  had 

been underway f o r  39 days, as t h e  r i g g i n g  up o f  f l o w  l i n e s ,  r i s e r  p i p e ,  

b lowou t -p reven te r  ( B O P )  s t a c k  and a s s o c i a t e d  hardware was accompl i s h e d  i n  

4 
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e p a r a t i o n  f o r  d r i l l i n g  o u t  cement i n  t h e  34-cm (13-3/8- in.)-0.d.  cas ing .  

e cas ing  shoe was l o c a t e d  a t  a depth o f  778 m (2552 f t )  and t h e  bo t tom o f  

t h e  44.5-cm (17-1/2 i n . ) -d iam h o l e  a t  782 m (2567 f t ) .  

B. D r i l l i n g  t o  t h e  KOP 

The f i r s t  31.1-cm (12-1/4- in . ) -d iam d r i l l i n q  assembly used a m i l l e d - t o o t h  

b i t  t o  d r i l l  o u t  t h e  cement ing hardware (cement ing s leeve,  f l o a t  c o l l a r ,  p l u g s  

and shoe) and t h e  cement below t h e  shoe. The f i r s t  31.1-cm (12 -1 /4 - in . ) -d iam 

c a r b i d e  i n s e r t  b u t t o n  b i t  and bot tom-hole assembly (BHA) was r u n  i n  t h e  h o l e  

and r o t a t e d  ve ry  s l o w l y  (40  rpm) w i t h  a l ow  l o a d  on b i t ,  1.3 x 10 N (30  000 

l b f ) ,  t o  a v o i d  c a s i n g  and cement damage. T h i s  p r e c a u t i o n  was con t inued  u n t i l  

t h e  t o p  reamer o f  t h e  BHA was below t h e  34.1-cm (13-3/8- in.)-0.d.  c a s i n g  shoe. 

Ro ta ry  d r i l l i n g  o f  t h e  31.1-cm (12-1/4- in . ) -d iam h o l e  con t inued  u s i n g  a 

v a r i e t y  of t u n g s t e n - c a r b i d e - i n s e r t  (TCI )  b u t t o n  b i t s  t o  a dep th  o f  1964 m 
(6444 f t ) .  T h i s  d r i l l i n g  sequence was plagued by occas iona l  washouts o f  t h e  

d r i l l  c o l l a r s  and two s h o r t  f i s h i n g  j o b s  b u t  was t h e  l e a s t  t roublesome o f  any 

o f  t h e  d r i l l i n g  o f  EE-2 o r  EE-3. A t  t h i s  depth t h e  h o l e  had an i n c l i n a t i o n  o f  

10" t o  t h e  v e r t i c a l  and t h e  az imutha l  d i r e c t i o n  was t r e n d i n g  i n  a no r thwes t  

d i r e c t i o n  (N58"W) a t  t h a t  depth.  The w e l l b o r e  had t o  be t u r n e d  t o  a 

n o r t h e a s t e r l y  d i r e c t i o n  i n  o r d e r  t o  d r i l l  i n  t h e  p roper  d i r e c t i o n  r e l a t i v e  t o  

t h e  t r a j e c t o r y  o f  h o l e  EE-2. T h i s  p o r t i o n  o f  t h e  h o l e  was surveyed a p p r o x i -  

m a t e l y  eve ry  20 m (60 f t ) .  The ins tan taneous  d r i l l i n g  r a t e  v a r i e d  f rom 1.2 t o  

6.9 m/h (4.0 t o  20.0 f t / h ) .  Twelve b i t s  were used i n  1 7  b i t  runs.  An inspec -  

t i o n  of t h e  BHA components, boxes, and p i n  ends o f  c o l l a r s  e s p e c i a l l y ,  was 

c a r r i e d  o u t .  A g y r o  survey o f  t h e  h o l e  t r a j e c t o r y  t h r o u g h  t h e  34.0-cm 

(13-3/8- in . ) -o .d.  cas ing  was run  on day 63 w i t h  t h e  bot tom o f  t h e  h o l e  a t  1930 

m (6334 f t )  t o  check t h e  h o l e  t r a j e c t o r y  i n  t h e  cased s e c t i o n .  The survey 

showed an i n c l i n a t i o n  o f  0.83" and an az imuth o f  N40"W a t  762-m ( 2 5 0 0 - f t )  

dep th  ( j u s t  above t h e  cement ing shoe). No severe doglegs*  were de tec ted ,  t h e  

maximuni be ing  about 1"/100 f t  a t  144-m ( 5 0 0 - f t )  depth.  D r i l l i n g  and r e l a t e d  

o p e r a t i o n s  f o r  t h i s  p o r t i o n  o f  t h e  h o l e  t o o k  26 days, and t h e  s tage  was Set 

f o r  t h e  f i r s t  d i r e c t i o n a l  d r i l l i n g .  

4 

*The te rm dogleg s e v e r i t y  (DLS)  r e f e r s  t o  t h e  c u r v a t u r e  o f  t h e  bo reho le  t r a j e c -  
t o r y ,  and i s  u s u a l l y  measured i n  degrees/30 m (degs/100 f t ) .  

9 



C. D i r e c t i o n a l  D r i l l i n g  t o  t h e  Boreho le  Diameter  T r a n s i t i o n  

T h i s  p o r t i o n  o f  t h e  d r i l l i n g  proqram was in tended  t o  t u r n  t h e  bo reho le  t o  

t h e  eas t ,  about 80" eas t  f rom n o r t h  (N80"E), and r a i s e  t h e  i n c l i n a t i o n  t o  35". 

Two ma jo r  problems s i g n i f i c a n t l y  del'ayed t h i s  seqment o f  t h e  d r i l l i n q  program: 

(1) a t w i s t - o f f  o f  t h e  12.7-cm (5 - in . )  d r i l l  p i p e  occu r red  a t  3209-m 

(10 5 7 8 - f t )  depth.  T h i s  r e q u i r e d  an extended unsuccess fu l  f i s h i n g  o p e r a t i o n  

and ( 2 )  f i n a l l y  r e q u i r e d  a problem-plagued s i d e t r a c k i n g  o f  t h e  h o l e  a t  2878-m 

( 9 4 4 4 - f t )  depth.  

The i n i  t i  a1 borehol  e - t r a  j e c t o r y  e l  ements were 10" N63"W (10"  i n c l  i n a t i  on 

and an az imuth  heading o f  63" west f rom n o r t h )  a t  a depth  o f  1920 m (6431 f t ) .  

The i n i t i a l  two d i r e c t i o n a l  d r i l l i n q  runs below t h e  1694-m ( 6 4 4 4 - f t )  KOP dep th  

were a t tempted u s i  nq magnet ic  s i  n g l  e-shot  o r i e n t i n g  t o o l  s t o  o r i e n t  t h e  down- 

h o l e  motor  d i r e c t i o n .  The i n t e n t i o n  was t o  r o t a t e  t h e  az imuth o f  t h e  h o l e  and 

b u i l d  ang le  o n l y  s l i g h t l y .  However, a sharp  a n g l e - b u i l d  was exper ienced,  

i n c r e a s i n g  t o  14", w i t h  l i t t l e  az imuth change. A f t e r  t h r e e  d i r e c t i o n a l  

d r i l l i n g  runs  w i t h  a p o s i t i v e  d isp lacement  motor  (PDM) (Baker S e r v i c e  T o o l s ) ,  

t h e  i n c l i n a t i o n  had inc reased  s h a r p l y  t o  14-3/4"  f rom t h e  v e r t i c a l ,  b u t  t h e  

az imuth,  a t  N42"W was n o t  changing r a p i d l y  enough f o r  t h e  8 1  m (266 f t )  of  

dep th  and fou r  days of e f f o r t .  To m o n i t o r  t h e  o r i e n t a t i o n  s e t t i n g  and prog-  

ress  o f  t h e  downhole d r i l l i n g  motors ,  a con t inuous- readout  s t e e r i n g  t o o l ,  t h e  

S c i e n t i f i c  D r i l l i n g  C o n t r o l  ( E Y E )  s t e e r i n g  t o o l ,  was used on most subsequent 

d i  r e c t i  onal  runs.  

The nex t  13 days were spent changing t h e  h o l e  az imuth t o  N62-1/Z0E ove r  a 

d r i l l e d  s e c t i o n  t o  2280 m (7482 f t ) .  A t o t a l  o f  10 d i r e c t i o n a l  d r i l l i n g  runs  

was performed d u r i n g  t h i s  t r a  j e c t o r y - c o n t r o l  sequence and t h e  i n c l  i n a t i  on had 

dropped t o  8-3/4". A r o t a r y  reaming assembly was run  i n  t h e  h o l e  t o  b r i n g  t h e  

gauge back t o  31.1 cm (12-1/4 i n . )  and d r i l l i n g  was suspended a t  a depth  o f  

2299 m (7542 f t )  t o  p r o v i d e  f o r  a r o u t i n e  i n s p e c t i o n  o f  t h e  d r i l l  s t r i n g .  

F i v e  days were r e q u i r e d  t o  conduct t h e  i n s p e c t i o n .  Dur ing  t h i s  t i m e  t h e  main 

d r i v e - s h a f t  on t h e  r i g  draw-works was rep laced  ( a  severe f a t i g u e  c rack  had 

developed)  and o t h e r  components o f  t h e  h o i s t i n g  equipment were inspec ted .  

Ro ta ry  d r i l l i n g  began aga in  on day 91  o f  d r i l l i n g  operat . ions w i t h  t h e  

p l a n  t o  use a b u i l d i n g  BHA t o  i n c r e a s e  t h e  i n c l i n a t i o n  w h i l e  m o n i t o r i n g  t h e  

az imutha l  d r i f t  of t h e  ho le .  T h i s  d r i l l i n g  s t a r t e d  a t  2300 m (7542 f t )  and 

was con t inued  t o  2390 m (7840 f t )  w i t h  another  sharp i n c l i n a t i o n  i n c r e a s e  f rom 

7" t o  14-1/4". However, t h e  az imuth  ang le  r o t a t e d  t o  t h e  n o r t h ,  f rom N83"E t o  

10 



46"E-- a change of 37" i n  90 m (300 f t ) .  There fore ,  d i r e c t i o n a l  d r i l l i n g  

w i t h  downhole motors was resumed. Problems w i t h  t h e  EYE s t e e r i n g  t o o l  were 

encountered and t e s t  d r i l l i n g  o f  a new h igh- tempera ture  D y n a - D r i l l  17.8-cm 

(7 - in . ) -d iam t u r b i n e  was per formed b u t  s t e e r i n q - t o o l  problems r e s t r i c t e d  t h e  

t e s t  run t o  about 3 m (10 f t ) .  

A sequence of e i g h t  motor  runs was per formed and t h e  h o l e  t r a j e c t o r y  was 

c o r r e c t e d  t o  a survey read ing  o f  17-1/4"N88"E a t  a depth  o f  2562 m (8407 f t )  

i n  e leven days. Two more D y n a - D r i l l  17.8-cm (7 - in . ) -d iam t u r b i n e  t e s t s  were 

performed a t  t h e  end o f  t h i s  d i r e c t i o n a l  d r i l l i n g  sequence. The dep th  was 

2576 m (8453 f t ) .  

A s e r i e s  of n i n e  r o t a r y  d r i l l i n g  runs w i t h  e i t h e r  h o l d  BHA o r  moderate- 

b u i l d  c h a r a c t e r i s t i c s  was then  completed t o  a depth  o f  3002 m (9850 f t )  and 

t h e  t r a j e c t o r y  elements had been changed t o  25-1/2"N67"E. The i n c l i n a t i o n  

ang le  was s u c c e s s f u l l y  b u i l d i n g ,  b u t  n o r t h  d r i f t  was s t i l l  o c c u r r i n g .  Lack of  

a v a i l a b i l i t y  o f  downhole motors d i c t a t e d  c o n t i n u a t i o n  o f  r o t a r y  d r i l l i n g  f o r  

t h r e e  more b i t  runs.  A washout i n  t h e  box-end t h r e a d  o f  a d r i l l  c o l l a r  

occu r red  a t  2690-m ( 8 8 2 7 - f t )  depth on day 111. T h i s  r o t a r y  d r i l l i n g  sequence 

ended on day 124. 

D i r e c t i o n a l  d r i l l i n g  was s t a r t e d  aga in  when a PDM downhole-motor run  was 

a t tempted on days 125 and 131, b u t  i t  was e v i d e n t  t h a t  t h e  tempera tures  were 

t o o  h i g h  f o r  t h e  e las tomer  components o f  t h e  motors so  i t  was dec ided t o  

i n i t i a t e  use o f  t h e  19.7-cm (7-3 /4- in . ) -d iam Maurer Eng ineer ing  I n c .  (MEI) 

t u r b o d r i  11 s.  

* 

The o r i g i n a l  r e s e r v e  p i t  had f i l l e d  w i t h  c u t t i n g s  by t h i s  t i m e  and 

r e q u i r e d  d redg ing  o f  t h e  rese rve  p i t  w i t h  a d r a g l i n e  and h a u l i n g  o f  t h e  s o l i d s  
t o  a nearby dump. D r i l l i n g  opera t i ons  con t inued  u s i n g  t h e  s m a l l e r  rese rve  p i t  

ad jacen t  t o  t h e  d r i l l  r i g .  ( T h i s  was t h e  new westernmost p i t  and t o o  smal l  

f o r  extended e f f e c t i v e  c o o l i n g  ana c u t t i n g s  s e t t l i n g . )  A f l u i d - l o s s  r e g i o n  

encountered a t  about  3025 m (9924 f t )  comp l i ca ted  t h e  d r i l l i n g  f l u i d  problems. 
Dredging con t inued  f o r  11 days. The r o t a r y  d r i l l i n g  sequence was con t inued  t o  

3653 m (10 017 f t )  and t r a j e c t o r y  survey  r e s u l t s  o f  24" N67"E were de termined 

a t  3032 m (9946 f t ) .  

*Maurer Eng ineer ing ,  I nc .  o f  H o u y o n ,  Texas, deve loper  o f  t h e  s p e c i a l  t u r b o -  
d r i l l s  f o r  d i r e c t i o n a l  d r i l l i n g .  
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A cement-bond l o g  was run  i n  t h e  34.0-cm (13-3/8- in . ) -d iam c a s i n g  on day 

135 t o  e v a l u a t e  t h e  e x t e n t  o f  bonding o f  t h e  cement t o  t h a t  c a s i n g  s t r i n g .  

The bot tom 70 m (200 f t )  showed good bond; t h e  430 t o  560 m (1400 t o  1900 f t )  

showed no bonding, and t h e  remainder i n d i c a t e d  p a r t i a l  bonding. 

On day 138, d i r e c t i o n a l  d r i l l i n g  was i n i t i a t e d  w i t h  t h e  two Los Alamos 

M E 1  19.7-cm (7-3/4- in . ) -d iam h igh - tempera tu re - ra ted  t u r b o d r i l l s .  The o b j e c -  

t i v e  was t o  b u i l d  i n c l i n a t i o n  ang le  and t o  h o l d  o r  i n c r e a s e  t h e  w e s t e r l y  t r e n d  

i n  t h e  t r a j e c t o r y .  The use o f  h igh - tempera tu re  ME1 t u r b i n e s  was i n d i c a t e d  by  

t h e  l o s s  i n  performance o f  t h e  PDMs and due t o  t h e  bot tom-hole ( s t a t i c )  

t empera tu re  of 200°C (400°F). A1 t e r n a t e  d i  r e c t i o n a l  d r i  11 i n g  runs  and r o t a r y  

reaming and i n c l i n a t i o n  b u i l d i n g  runs were performed. 

A reaming and b u i l d  assembly, r u n  on day 143, appeared t o  be b u i l d i n g  t o o  

r a p i d l y ,  so b i t  weight  was reduced, b u t  a p p a r e n t l y  t o o  r a p i d l y ,  which caused 

t h e  i n c l i n a t i o n  t o  d rop  sha rp l y .  F i g u r e  4 shows t h e  i n c l i n a t i o n  a n g l e  behav- 

i o r  i n  t h i s  s e c t i o n  o f  t h e  ho le .  D u r i n g  subsequent t u r b o d r i l l  runs  t h i s  d rop  
i n  ang le  was r e b u i l t .  On day 145, t h e  E Y E  s t e e r i n g  t o o l  jammed and was l e f t  

i n  t h e  BHA. When i n s p e c t e d  on t h e  r i g  f l o o r  i t  was d i s c o v e r e d  t h a t  t h e  

mule-shoe l a t c h - i n  on t h e  s t e e r i n g  t o o l  was jammed 170" away f rom t h e  key p i n  

i n  t h e  o r i e n t i n g  sub. T h i s  c o n d i t i o n  was due t o  wear o f  t h e  components and 

was n o t  d e t e c t e d  because t h e  s e a t i n g  procedures ( m u l t i p l e  engagement and r e -  

engagement of t h e  s e a t i n g )  a r e  performed r o u t i n e l y  by t h e  w i r e l i n e  o p e r a t o r .  

That procedure was b e i n g  f o l  1 owed and mon i to red  espec i  a1 l y  c l o s e l y .  The geom- 

e t r y  of t h e  BHA made i t  e x t r e m e l y  u n l i k e l y  t h a t  t h i s  m i s o r i e n t a t i o n  c o u l d  

occu r  even once, l e t  a lone  r e p e a t e d l y .  However, t h e  consequences were t h a t  

two sharp downward d i p s  i n  t h e  i n c l i n a t i o n  were i n t r o d u c e d  i n t o  t h e  EE-3 

t r a j e c t o r y .  T h i s  i s  i l l u s t r a t e d  i n  F i g .  4. Ext remely t i g h t - h o l e  c o n d i t i o n s  

were exper ienced upon reaming t o  bot tom and t h e  f i r s t  reaming assembly w i t h  a 

s i x - p o i n t  n e a r - b i t  reamer had t o  be changed o u t  f o r  a t h r e e - p o i n t  n e a r - b i t  

assembly. When ve ry  h i g h  t o r q u e s  o f  t h e  BHA occurred,  a survey a t  3128 m (10  

262 f t )  i n d i c a t e d  t h a t  t h e  t r a j e c t o r y  had t h e  elements 26-3/4" N68"E con- 

f i r m i n g  t h a t  t h e  second loss o f  i n c l i n a t i o n  had occurred. 

Reaming c o n t i n u e d  w i t h  a more- l imber  o r  l e s s  severe bu i l d -assemb ly  a t  

3157-111 ( 1 0  3 5 7 - f t )  d e p t h  on day  150 when a t w i s t - o f f  o f  t h e  12.7-cm 

(5- in . ) -d iam d r i l l  p i p e  occurred.  A f i s h i n g  o p e r a t i o n  was i n i t i a t e d  t h a t  

r e t r i e v e d  t h e  f r e e  p i p e ,  75 s tands p l u s  two j o i n t s  o f  19.6 l b / f t  grade E d r i l l  

p ipe .  The f i s h  was s u c c e s s f u l l y  grappled.  I n d i c a t i o n s  were t h a t  t h e  break 
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Fig.  4. 
I n c l i n a t i o n  and dogleg s e v e r i t y  f o r  
3.0- t o  3.2-km depth  i n t e r v a l  i n  EE-3. 

D. F ish inc l  and S i d e t r a c k i n q  

was i n  p i p e  body about 2 /3  m ( 2  f t )  

below a c o u p l i n g ,  and t h a t  t h e  l ower -  

most s t e e l  d r i l l  c o l l a r  i n  t h e  BHA 

had p a r t e d  i n  t h e  th reads  o f  t h e  p i n .  

Four  days were spent  q r a p p l i n g  and 

loosen ing  t h e  f i s h ,  b u t  on day 154 

f o l l o w i n g  t h e  success fu l  f i s h i n g ,  t h e  

h o l e  was reamed t o  a depth  o f  3175 m 

(10  417 f t )  where a survey  y i e l d e d  

r e s u l t s  of 24-3/4" N66"E and v e r i f i e d  

aga in  a c o n s i d e r a b l e  d rop  i n  i n c l i n a -  

t i o n .  D i r e c t i o n a l  d r i l l i n g  con t inued  

i n  an e f f o r t  t o  o b t a i n  t h e  d e s i r e d  

i n c l i n a t i o n  and more e a s t e r l y  t r e n d .  

ME1 t u r b o d r i l l  runs were ,  a1 t e r n a t e d  

w i t h  r e a m i n g  a s s e m b l i e s .  V e r y  

t i g h t - h o l e  c o n d i t i o n s  c o n t i n u e d  t o  

p l a g u e  t h e  d i r e c t i o n a l  d r i l l i n g  

o p e r a t i o n s ,  and on day 159, a second 

d r i  11 - p i p e  t w i  s t - o f f  o c c u r r e d  a t  

about 2350 m (7070 f t ) .  The BHA had 

f a l l e n  t o  bo t tom and t h e  break was 

ve ry  jagged, ( F i g .  5 )  and about 2/3 

t o  1 m ( 2  t o  3 f t )  below t h e  coup l i ng .  

The d r i l l i n g  o f  EE-3 was i n t e r r u p t e d  f o r  44 days ( f r o m  day 160 t o  day 

204) by a d i f f i c u l t  f i s h i n g  o p e r a t i o n  t h a t  d i d  n o t  r e t r i e v e  t h e  BHA, and t h e  

h o l e  had t o  be s ide t racked .  The s i d e t r a c k i n g  was f i n a l l y  achieved u s i n g  a 

permanent, cemented-in, wh ips tock .  

Because t h e  t w i s t - o f f  had occu r red  w h i l e  reaming w i t h  t h e  b i t  o f f  bot tom, 

i t  was assumed t h a t  t h e  f i s h  had f a l l e n  t o  t h e  bottom. T h i s  m igh t  i m p l y  t h a t  
t h e r e  c o u l d  be c o n s i d e r a b l e  bent  o r  cork -screw buck led  d r i l l  p i p e  above t h e  

BHA and t h a t  t h e  BHA m igh t  be b a d l y  jammed i n t o  t h e  ho le .  However, f r e e - p o i n t  

surveys showed t h a t  t h e  uppermost reamer was t h e  t i g h t  spo t  so b a c k - o f f  s h o t s  

were a t tempted j u s t  above t h i s  p o i n t .  A back o f f  on day 163 succeeded i n  

p a r t i n g  t h e  f i s h  by a break i n  t h e  m i d d l e  o f  t h e  d r i l l i n g  j a r s .  

13 



Fig.  5. 
Views o f  i n s i d e  su r face  o f  12.3-cm 
( 5 - i n . )  d r i l l  p i p e  show ing  s e v e r e  
c o r r o s i o n  p i t t i n g  and n a t u r e  o f  
f r a c t u r e .  Box end o f  j o i n t  shown. 

The f i s h  r e m a i n i n a  had n i n e n  ., W j o i n t s  o f  h e a v y - w e i g h t  d r i l l  p i p e  

(HWDP) below i t . A b a c k - o f f  sho t  

unscrewed t h e  HWDP b u t  l e f t  t h e  b i t ,  

b i t  reamer ,  s t a b i l i z e r ,  and d r i l l  

c o l l a r s  i n  t h e  ho le .  Whi le  j a r r i n g  

and p u l l i n g  o u t  t h i s  f i s h  (day 167) ,  

t h e  d r i l l - p i p e  s t r i n g  p a r t e d  and t h e  

rebounding s t r i n g  separa ted  t h e  K e l l y  

and damaged t h e  sw ive l  , cab les ,  and 

h o i s t i n g  b l o c k  and t h e n  f e l l  back  

down i n t o  t h e  ho le .  

Subsequent t a g g i n g  and a f r e e -  

p o i n t  survey i n d i c a t e d  t h a t  t h e  t o p  

s e c t i o n  o f  t h e  p i p e  had gone down 
bes ide  t h e  bo t tom s e c t i o n  o f  d r i l l  

p i p e  i n s i d e  t h e  34.0-cm (13-3 /8- in . ) -  

0.d. c a s i n g .  T h i s  d o u b l e - p a r k e d  

s i t u a t i o n  c a u s e d  t h e  s u c c e e d i n g  

f i s h i n g  o p e r a t i o n s  t o  be ve ry  d i f f i -  

c u l t  and d e l i c a t e .  B a c k - o f f  and  

j a r r i n g  on t h e  d o u b l e - p a r k e d  f i s h  

( d r i l l  s t r i n g )  and t h e  l ower  s t r i n g  

c o n t i n u e d ,  u n t i l  b y  a t t r i t i o n  and 

n i n e  days o f  j u d i c i o u s  j a r r i n g ,  t h e  

s h o r t e r ,  d o u b l e - p a r k e d  f i s h  was 

loosened and removed on day 176. 

A t t e n t i o n  was then  d i r e c t e d  once 

a g a i n  t o  r e t r i e v i n g  t h e  B H A  f i s h  

l o c a t e d  on bo t tom w i t h  t h e  t o p  o f  t h e  

s t r i n g  connected t o  i t  a t  720 m (2362 
f t ) .  Junk jammed on t o p  o f  t h e  f i s h ,  o r  an o b s t r u c t i o n  on t h e  t o p  box con- 

n e c t i o n ,  r e q u i r e d  t h a t  t h e  p i p e  be c u t  o f f  w i t h  a s p e c i a l  e x t e r n a l  c u t t i n g  

t o o l .  Then t h e  d r i l l  p i p e  had t o  be backed o f f  t o  a depth  o f  2774 m (9100 f t )  

t o  c l e a r  t h e  h o l e  of b a d l y  bent  p ipe .  A l l  j o i n t s  o f  t h e  12.7 cm ( 5  i n . )  p i p e  

were be ing  sent  o f f  t o  t h e  r i g  c o n t r a c t o r  ( B r i n k e r h o f f - S i g n a l  D r i l l i n g  Co.) i n  
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Farmington,  New Mexico, and a new s t r i n g  o f  11.4-cm (4-1 /2- in . ) -d iam d r i l l  

T h i s  d e c i s i o n  t o  change o u t  t h e  

d r i l l  s t r i n g  was based upon t h e  n a t u r e  o f  t h e  p i p e  f a i l u r e  ( t w i s t - o f f ) .  The 

break was ve ry  jagged w i t h  numerous ex t reme ly  deep c o r r o s i o n  p i t s  e v i d e n t  on 

t h e  i n s i d e  s u r f a c e  o f  t h e  p ipe .  F i g u r e  5 shows t h i s  c o r r o s i o n  p i t t i n g  near  

t h e  f r a c t u r e d  end o f  t h e  d r i l l  p ipe .  An a d d i t i o n a l  f a c t o r  was t h e  l o n g  hours  

( g r e a t e r  t han  3000) of heavy d r i  11 i ng accumulated d u r i n g  t h e  p r e v i o u s  d r i  11 i ng 

o f  EE-2.  On day 183 t h e  34.0-cm (13-3/8- in.)-0.d.  c a s i n g  was i n s p e c t e d  w i t h  a 

64 a r m - c a l i p e r  cas ing  i n s p e c t i o n  t o o l  t o  assess whether t h e  f i s h i n g  ( j a r r i n g  

e s p e c i a l l y )  had caused any damage. A 31.1-cm (12-1/4- in . ) -d iam swedge was 

a l s o  run  th rough  t h e  cas ing  t o  assure t h a t  o b s t r u c t i o n s  were n o t  p resent .  No 

s i g n i f i c a n t  damage o r  wear was de tec ted .  More new 11.4-cm (4-1 /2- in . ) -d iam 

d r i l l  p i p e  was d e l i v e r e d  t o  t h e  s i t e  t o  be used f o r  t h e  remainder  o f  t h e  

f i s h i n g  o p e r a t i o n  and s u b s e q u e n t  d r i l l i n g .  The No. 1 d r i l l i n g  f l u i d -  

c i r c u l a t i o n  pump was rep laced.  

F i s h i n g  o p e r a t i o n s  con t inued  w i t h  t h e  new 11.4-cm (4 -1 /2 - in . )  d r i l l  

s t r i n g .  A sc rew- in  sub was a t tached  t o  t h e  f i s h  a t  2774 m (9100 f t )  b u t  

j a r r i n g  would n o t  loosen t h e  f i s h .  Whi le  a t t e m p t i n g  t o  t o r q u e  up t h e  sc rew- in  

sub, t h e  new 4-1/2- in .  d r i l l  p i p e  t w i s t e d  o f f  i n  a connec t ion  a t  about  1020 m 

(3350 f t ) .  The f a i l u r e  was due t o  a c racked t h r e a d  i n  a p i n .  Because t h e  

f i s h  would n o t  move, a deep back o f f  a t  3094 m (10 150 f t ) ,  above t h e  c o l l a r s ,  

u p i p e  was r e n t e d  and s t a r t e d  a r r i v i n g  on s i t e .  

was under taken ,on  day 189. 

The hook below t h e  main t r a v e l i n g  b 

damaged d u r i n g  t h e  Kel  l y - rebound  episode. 
had t w i s t e d  o f f  had t o  be s t r a i g h t e n e d  and 

ock was rep laced  because i t  was 

The 11.4-cm (4-1 /2- in . )  p i p e  t h a t  
inspected.  F i s h i n g  con t inued  w i t h  

a f i s h i n g  assembly. J a r r i n g  moved t h e  f i s h  upward b u t  t h e  j a r s  gave o u t ,  

because of t h e  e l e v a t e d  temperatures.  Whi le  a t t e m p t i n g  t o  b a c k - o f f  t h e  t o p  of  

t h e  c o l l a r  on t h e  f i s h  w i t h  t o r q u e  on t h e  s t r i n g ,  t h e  f i s h  b roke o f f  below t h e  

C o l l a r s .  When t h e  upper .par t  o f  t h e  f i s h  was on t h e  r i g  f l o o r ,  i t  was found 

t h a t  t h e  j a r s  had t w i s t e d  o f f  l e a v i n g  about  42.7 m (140 f t )  o f  BHA i n  t h e  h o l e  

w i t h  t h e  t o p  a t  a depth  o f  3162 m (10 375 f t ) .  F i s h i n g  o p e r a t i o n s  c o n s i s t e d  

of  a t tempts  t o  g rapp le  t h e  b r o k e n - o f f  end o f  t h e  j a r s  a t  t h e  t o p  o f  t h e  f i s h .  

f i s h  and 

j a r s ,  a 

F i n a l l y ,  on day 203, a l e a d  impress ion  b l o c k  was run  i n  on t o p  o f  t h e  

con f i rmed  t h a t  t h e  9.5-cm (3-3/4- in . ) -d iam mandrel  p o r t i o n  of  t h e  

hardened chromium-steel  s h a f t ,  was l y i n g  ove r  a g a i n s t  t h e  bo reho le  wal 
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F o l l o w i n g  two f u t i l e  days o f  a t t e m p t i n g  t o  q r a p p l e  t h e  body o f  t h e  j a r s  

and f a i l u r e  t o  hook t h e  f i s h ,  i t  was dec ided t o  s t a r t  s i d e t r a c k i n g  o p e r a t i o n s .  

It was judged a t  t h i s  p a i n t  t h a t  f u r t h e r  q r a p p l i n g  o r  m i l l i n g  on t h e  f i s h  had 

a l ow  p r o b a b i l i t y  o f  success, and t h e  f i s h i n g  o p e r a t i o n s  were suspended. The 

two f i s h i n g  episodes consumed 4, and 44 days r e s p e c t i v e l y ,  a t o t a l  o f  48 days. 

The s i d e t r a c k i n g  o f  t h e  f i s h  was p lanned t o  be performed u s i n g  techn iques  

s i m i l a r  t o  those  used p r e v i o u s l y  i n  t h e  success fu l  s i d e t r a c k i n g  o f  HDR w e l l  

GT-2. '" Underreaming (opening up o f  t h e  bo reho le  d iamete r )  and placement o f  

cement p l u g s  were t h e  approaches used. T h i s  techn ique  r e q u i r e d  t h e  use of 

downhole motors w i t h  s i d e  f o r c e  a p p l i e d  t o  t h e  b i t .  T h i s  i n  t u r n  i s  o p t i m i z e d  

by l a r g e  a x i a l  t h r u s t  ( b i t  l o a d )  and s low p e n e t r a t i o n  r a t e s  t o  f o r c e  t h e  b i t  

a g a i n s t  and t o  c u t  a groove i n t o  t h e  s i d e - w a l l  o f  t h e  b o r e h o l e  o r  underreamed 

s e c t i o n .  Time d r i l l i n g  ( c o n t r o l l e d  p e n e t r a t i o n  r a t e  w i t h  l ow  b i t  l o a d s )  i s  

u s u a l l y  necessary because cement p l u g s  d r i l l  r a p i d l y  a t  t h e  l ow  b i t  we igh ts  

developed w i t h  t h e  h igher- rpm d r i l l i n g  motors.  F u r t h e r ,  t i m e  d r i l l i n g  i s  n o t  
p r a c t i c a l  w i t h  t h e  h igh - tempera tu re  t u r b o d r i l l  s due t o  t h e  runaway tendency a t  

l ow  t o r q u e  and low b i t  load.  The e x c e l l e n t  rpm c o n t r o l  o f  t h e  PDMs i s  s u i t e d  

t o  t h i s  o p e r a t i o n ,  b u t  t h e  e las tomer  s t a t o r  t empera tu re  l i m i t  r e q u i r e s  t h a t  

depths i n  EE-3 be r e s t r i c t e d  t o  temperatures below 200°C (4OO0F), o r  l e s s  t h a n  
3.0-km (10 0 0 0 - f t )  depth (see F ig .  6 ) .  

To e v a l u a t e  t h e  p o s s i b l e  l o c a t i o n s  f o r  underreaming, a c a l i p e r  l o g  was 

run  (by Dresser  A t l a s )  on day 204, over  t h e  2958- t o  3154-111 (8500- t o  10 

3 4 8 - f t ) - d e p t h  i n t e r v a l .  A zone a t  2975 t o  2979 m (9760 t o  9775 f t )  was 

s e l e c t e d  t o  under ream.  The T r i - S t a t e  O i l  T o o l  Company u n d e r r e a m e r  ( a  

th ree -a rm t o o l  , w i t h  T C I  b u t t o n s  on t h e  cones and e s p e c i a l l y  des igned f o r  

g r a n i t e )  was used. The t o o l  was equipped t o  underream t h e  w e l l b o r e  from 

31.1-cm (12-1/4- in . ) -d iam t o  40.6-cm (16- in.)-diam. The i n i t i a l  a t t e m p t  s t u c k  

t h e  underreamer and l o s t  two cones. The second underreamer run  c u t  4.3 m (14 

f t )  downward s t a r t i n g  a t  2926 m (9760 f t ) .  A second i n t e r v a l ,  3012 t o  3017 m 

(9885 t o  9900 f t ) ,  was a l s o  underreamed i n  a subsequent run. 

A cement p l u g  (des igna ted  p l u g  No. 1) f o r m u l a t e d  o f  500 sacks o f  c l a s s  H 

cement was mixed by Dowell  and s p o t t e d  th rough  open-ended dri1-i  p ipe.  It was 

designed t o  f i l l  t h e  bo reho le  f rom 3149 m (10 331 f t ) ,  t h e  t o p  o f  t h e  f i s h ,  t o  

about 2911 m (9550 f t ) .  However, when t h e  d r i l l  s t r i n g  was t r i p p e d  i n  t o  f a c e  

o f f  t h e  cement, s t r i n g e r s  were f i r s t  met a t  2968 m (9738 f t )  i n s t e a d  o f  t h e  

p lanned 2911 m (9550 f t) ,  a l o s s  o f  about 55 m (180 f t ) .  T h i s  l o s s  c o u l d  n o t  
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Genera l i zed  g e o l o g i c a l  s e c t i o n  and s t a t i c  c o n d u c t i v e  tempera ture  p r o f i l e  a t  
Fenton H i l l .  

be accounted f o r .  The p l u g  was faced o f f  t o  2978 m (9770 f t )  and a second 

p l u g  o f  400 sacks o f  c l a s s  H cement was p laced  w i t h  open-ended d r i l l  p ipe .  

The t o p  o f  t h e  p l u g  was tagged a t  about  2800 m (9188 f t )  and dressed o f f  w i t h  

a m i l l - t o o t h  b i t  t o  2926 rn (9600 f t )  i n  p r e p a r a t i o n  f o r  s t a r t i n g  s i d e t r a c k i n g  

o p e r a t i o n s  on day 215. However, a f t e r  w a i t i n g  24 h on t h e  cement p l u g  t o  

harden, d r i l l i n g  con t inued  down t o  3033 m (9950 f t ) ,  below b o t h  underreamed 

zones, i n  ve ry  s o f t  ( f a s t  d r i l l i n g )  cement. 
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It was dec ided t o  pour a t h i r d  p l u g  t h a t  would be proceeded by  a chemical  

wash i n t e n d e d  t o  c l e a n  contaminants  f rom t h e  h o l e ,  and t h a t  would have l e s s  

r e t a r d e r  t o  assure a s u f f i c i e n t l y  hard  p l u g  t o  s i d e t r a c k  from. Cement-sample 

t e s t s  (by  the 'Dowel1 L a b o r a t o r y )  showed a 4.13-MPa ( 6  000 -ps i )  s t r e n g t h  i n  36 

h a t  175°C (350°F). D r i l l  o u t  o f  p l u g  No. 3 i n d i c a t e d  s o f t  cement, t h a t  i s  

44.5 x 103N (10 000 l b f )  b i t  l o a d  d r i l l e d  a t  0.3 m/min ( 1  f t / m i n ) .  A tempera- 

t u r e  survey,  u s i n g  t h e  Los Alamos tempera tu re  t o o l ,  i n d i c a t e d  t h a t  t h e  cement 

had been emplaced a t  about 110°C (22O"F), and n o t  t h e  175°C (350°F) as 

planned, and t h e  tempera tu re  f o r  which t h e  Dowel l  cement f o r m u l a t i o n  was 

designed. An a d d i t i o n a l  24-h w a i t  was i n i t i a t e d .  Again t h e  cement was found 

t o  be t o o  s o f t ,  and i t  was d r i l l e d  o u t  t o  a dep th  o f  9303 m (9950 f t ) .  

Another tempera tu re  survey was run  and a p r o j e c t e d  placement tempera tu re  o f  

165°C (330°F) was d e r i v e d  and forwarded t o  Dowel l .  A s p e c i a l  c o o l i n g  program 

was suggested t o  l ower  t h e  bo reho le  tempera tu re  t o  135°C (270"F),  t hough t  t o  

be more n e a r l y  optimum f o r  cement s e t t i n g  and hardening.  Tab le  I reco rds  t h e  
sequence and fo rmul  a t i  ons o f  t h e  cement p l  ugs. 

On January 1, 1981, day 225 s i n c e  spud o f  t h e  w e l l ,  p r e p a r a t i o n s  f o r  s i d e -  

t r a c k i n g  were underway and t h e  t o p  o f  t h e  f o u r t h  p l u g  was tagged a t  2913 m 

(9557 f t ) .  However, d r i l l i n g  o f  t h i s  p l u g  showed v e r y  s o f t  cement. Rate of  

p e n e t r a t i o n  was g r e a t e r  t h a n  0.3 m/min (1  f t / m i n )  w i t h  a 22.3 x 10  N (5000 

l b f )  l o a d  on t h e  b i t .  The c u t t i n g s  showed no c h i p s  so t h e  cement had n o t  s e t  
a f t e r  40 h o f  w a i t i n g .  

3 

A t  t h i s  p o i n t  i t  was c l e a r  t h a t  a b a s i c  problem w i t h  t h e  cement p l u g s  

e x i s t e d ,  and i t  was dec ided t o  t r y  a H a l l i b u r t o n  cement f o r m u l a t i o n ,  (See 

Tab le  I ) .  The f o u r t h  Dowel l  p l u g  was d r i l l e d  o u t  t o  a dep th  o f  3081 m (10 109 

f t )  and a cool-down c i r c u l a t i o n  was s t a r t e d .  A s p e c i a l  l a t c h - p l u g  subassembly 

and c e n t r a l i z e r s  were run  on t h e  open-ended p i p e  t o  coo l  t h e  h o l e  and assu re  

m i  nimum cement-sl u r r y  d i  s tu rbance  on p l  acement. On day 232 , t h e  f i f t h  cement 

p l u g  was placed. 

It seemed c l e a r  a t  t h i s  p o i n t  t h a t  s p e c i a l  e f f o r t s  would be r e q u i r e d  t o  

o b t a i n  a cement p l u g  h a r d  enough f rom which t o  s i d e t r a c k .  The t e c h n i c a l  

problem i s  t h a t  t o  develop s i d e  f o r c e s  ( l a t e r a l  l o a d s )  on t h e  . b i t ,  a s i q n i f i -  

c a n t  a x i a l  l o a d  on t h e  b i t  i s  needed. It i s  p o s s i b l e  t o  i n c r e a s e  t h e  s i d e  

f o r c e  by ( 1 )  u s i n g  l a r g e r  ang le  ben t  subs above t h e  downhole motor,  ( 2 )  use o f  

a p r e s s u r e - ( f l o w - )  a c t i v a t e d  k i c k  sub ( a  Dyna F l e x  t o o l )  t o  p r o v i d e  even 

l a r g e r  ang le ,  and ( 3 )  run  i n  w i t h  a downhole PDM w i t h  a ben t  housing. 
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T A B L E  I 

SUMMARY OF E E - 3  S I D E T R A C K I N G  CEMENT PLUGS 
Design Temp Depths Core 

Compression Date  Th icken ing  Survey Oesiqn P1 acement ; 
And Cement Time and Measure- Compressive Type o f  Calc.  F i l l - u p  D r i l l i n g  C o r i n g  S t r e n g t h  Emplacement 

Mix Temp ment S t rength  P r e f l u s h  M i x e r  Tagged Top Parameters Resul t s ( p s i  Method Company 

12-18-80 500 sks 8 h  6000 psi  P l a i n  Hopper 10331 f t  -1 f t l m i n ,  
Class H 370°F BHCT 338°F' 24 h water ,  9552 f t  5000 l b s  OP b 10 331 f t  

12-114 STC 
Retarder  OSJ t o o t h  
1% 0-65 TICb b i t ;  48  h 

S i  f l o u r  
(400 mesh) 

Open-ended _- -  _- -  
Dowel l  5% 0-99 l h  -196 f t  

( 1 )  35% 0-66, 

12-21-60 400 S k S  
Class  H 

Dowel1 5% 0-99 
Retarder  
1% D-65 TICb 

S i  f l o u r  
(400 mesh) 

( 2 )  35% 0-66, 

8 h  6000 psi  
370°F BHCT 317"Fa 24 h 

None Hopper 9744 f t  s l  f t l m i n .  
9218 f t  5,000 l b s  

t 3 0  f t  12 1/4",0SJ 
t o o t h  b i t ;  

72 h 

Hopper 9950 f t  -1 f t l m i n ,  12-25-80 300 sks 3 h  5650 psi  2000 g a l  
C lass  H 370°F BHCT 270"Fa 24 h cw-7 9410 f t .  5,000 1 bs 

Dowel l  3.5% D-99 s u r f a c t a n t  t 3 0  ft. 12-114 i n .  OSJ 
Retarder  
1% 0-65 TICb 

( 3 )  35% 0-30, 
S i  sand 
(200 mesh) 

Tooth b i t ;  
72 h 

?.1 f t l m i n  12-31-80 400 sks Z h  6000 psi  2000 g a l  Hopper 9925 f t  

Dowell 0.2% 0-28 s u r f a c t a n t  t 3 0  f t  12-114 i n .  OSJ 
Class  H 270°F BHCT 270°F 24 h cw-7 9527 f t  5000 l b s  

Ret a r d e r  
1.25% TICb 

( 4 )  0% S i l i c a  

Toothed b i t ;  
120 h 

1-8-81 450 s k s  2 h  2750 psi  2000 q a l  Hopper 10 081 f t  -1 f t l m i n ,  cored  
C lass  H 270°F BHCT 250°F 12 h 7-1/2% -55 f t  9483 f t  5000 l b s ,  

H a l l i -  0.4% HR-12 a c e t i c  a c i d ,  9550-9565 f t  
b u r t o n  Retarder  b e n t o n i t e  10 000 l b s ,  

Toothed b i t ;  
g e l ,  75 sks 12-114 i n .  DTJ 1% CFR-2 

Pozmi x 

Open-ended 
DP b 9744 f t  

- - -  

Open-ended 
OP b 9550 f t  

_ _ _  

_ _ _  Open-ended 
OP b 9925 f t  

543 4-1/2ddyS open-ended 
96 hrs .  DP b 9951 f t  

Rec ip rocated  p i p e  
w h i l e  d i s p l a c i n g .  

( 5 )  15% S i  f l o u r  
15% S i  sand 
(20-40 mesh) 

a gEst imated. 
Turbu lence enhancing compound. 
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TABLE I (cont. ) 

Des i gn Temp Depths Core 
Date Th icken ing  Survey Des i gn Placement; Compression 
And Cement Time and Measure- Compressive Type o f  Calc.  F i l l - u p  O r i l l i n g  Cor ing  S t r e n g t h  Emplacement 

Company Mix Temp ment S t r e n g t h  P r e f l u s h  M i x e r  Tagged Top Parameters R e s u l t s  ( P s i  1 Method 

1-15-81 

H a l l i -  
b u r t o n  

Open-ended 
2-718 i n .  tbq .  

350 sks 1.5 h _ _ _  100 b b l s  Hopper 9790 f t  ' ~ 1  f t l m i n ,  cored  4240 
C lass  H 180°F BHCT 203°F P l a i n  9268 f t  8000 l b s  9600-9607 f t  
0.75% CFR-2 water t 1 6 0  f t  4 8  h; @ 9790 f t  
40% S i  f l o u r  12-1/4 i n . S m i t h  

( 6 )  No r e t a r d e r  DTJ t o o t h  
b i t ;  24 h 

0.3 f t l m i n ,  
10 000 l b s .  
96 h 
O y n a - O r i l l  
w/Q9J6 b i t  
1 f t l m i n ,  
2000 l b s .  
192 h 

1-29-81 230 sks 2 h  6000 p s i  P l a i n  
C lass  H 225°F BHCT 230°F 24 h water  

Retarder  
1% D-65 TICb 

( 7 )  40% S i  f l o u r  

Dowel l  0.2% 0-28 

2-3-81 300 sks 
Class  J 

20% S i  f i o u g  
Oowell No r e t a r d e r  

( 8 )  4% 0-65 T I C  

2 h  -__ 
225°F BHCT 250°F 

P l a i n  
water  

3-2-81 185 sks 2 h  5275 p s i  P l a i n  
C lass  H 275°F BHCT 250"Fa 24 h water  

H a l l i -  0.2% HC-12 

(200 mesh) 

b u r t o n  0.75% CFR-2 
( 9 )  40% S i  f l o u r  

Hopper 9880 f t  0.3 f t l m i n ,  
9480 f t  10 000 l b s .  
t 1 0 0  f t  12-114 in.Hughes 

"77, 
36 h 

Batch  0.5 f t / m i n  1 f t / m i n  
5000 I b s  5000 l b s  12-114 i n .  

9500 f t  
9220 f t  Smi th  
-45 f t  OSJ t o o t h  

b i t ;  24 h 

Cpen-ended _ - _  
DP 9855 f t  

cored 2876 12 J t S  2-718 i n .  
tbg .  on bo t tom 
of OP @ 9482 f t  

9227-9242 f t  3 days 

c o r e  2505 
9250-9267 f t  7 days 
0.5 f t / m i n  
10,000 l b s  

Batch  s e t  0.5 f t / m i n  c o r e  6450 Pumped 
whipstock 10 000 l b s  9270-9277 f t  7 days th rough 

9200 f t  t 27 50GH 
(30 f t  
9471-9501 f t )  

9501 f t  12 114 i n .  12 f t l h  wh ips tock  

t o o t h  b i t  

:Est ima tea .  
Turbulence enhancing compound. 



i t  i s  a l s o  necessary t o  keep t h e  b i t  i n  c o n t a c t  w i t h  t h e  b o r e h o l e  dowever a l l  f o r  ' some extended t i m e ,  so t i m e  d r i l l i n g  o r  l ow  p e n e t r a t i o n  r a t e  i s  

r e q u i r e d  f o r  e f f e c t i v e  s i d e t r a c k i n g .  The f i f t h  p l u g  was a l s o  found t o  be 

s o f t .  It was c o n j e c t u r e d  t h a t  a c o r e  sample o f  t h e  cement m i q h t  i n d i c a t e  t h e  

n a t u r e  o f  t h e  problem w i t h  t h e  p lugs .  A c o r e  was taken  f rom 2911 t o  2915 m 

( 9 5 5 0  t o  9565 f t ) .  The cement i n  t h e  c o r e  was q u i t e  ha rd  and appeared t c  be a 

f a i r l y  good q u a l i t y  p lug .  D r i l l i n g  of  t h e  remainder o f  t h e  p l u g  i n d i c a t e d  

s o f t  cement, t h a t  i s  a r a t e  o f  p e n e t r a t i o n  about 20 m/h (1  m i n / f t )  w i t h  22.5 x 

10 N (5000 l b f )  b i t  l oad ,  t o  a depth o f  3078 m (10 100 f t ) .  

I n  a l l ,  t h r e e  more cement p l u g s  were p laced  and seve ra l  s p e c i a l  placement 

procedures were f o l l o w e d ;  t h a t  i s ,  t h e  h o l e  was e s p e c i a l l y  w e l l  coo led  t o  

about 120°C (250°F).  Water samples were analyzed, t h e  h o l e  p r e f l  ushed, f o r -  

m u l a t i o n  changed t o  i n c l u d e  40% s i l i c a  f l o u r  t o  r e p l a c e  t h e  f l o u r  and sand 

m i x t u r e ,  and f i n a l l y ,  t h e  s i x t h  t h r o u g h  e i g h t h  cement p l u q s  were cored and com- 

p r e s s i v e  s t r e n g t h s  determined.  Placement w i t h  a 7.1-cm (2 -7 /8 - in . )  c e n t r a -  

l i z e d  t u b i n g  s t r i n g  on bot tom and no r e t a r d e r  was at tempted on t h e  s i x t h  p lug .  

T h i s  p l u g  d r i l l e d  r e l a t i v e l y  s l o w l y  (2 -1 /2  m i n / f t )  w i t h  44.5 x 10 N (10 000 

l b f )  b i t  l oad ,  t h e r e f o r e ,  i t  was dec ided t o  a t tempt  t o  s i d e t r a c k  t h e  f i s h .  

Compressi v e - s t r e n g t h  measurements on t h e  c o r e  [75-mm (3-in.)-diam: gave 28 MPa 
(4000 p s i ) ,  and a 2.5-cm ( l - i n . ) - d i a m  sample y i e l d e d  90 MPa ( 1 3  000 p s i )  com- 

p r e s s i  ve s t r e n g t h s .  

The a t t i t u d e  of t h e  b i t  was e s t a b l i s h e d  a t  26"N 72"E, which meant t h a t  

t h e  motor  was o r i e n t e d  t o  d r i l l  o u t  e a s t  o f  t h e  h i g h  s i d e  o f  t h e  ho le .  Bu t  

repeated d r i l l i n g  f rom 4 m (14 f t )  above t h e  underreamed i n t e r v a l ,  s t a r t i n g  a t  
2975 m (9760 f t ) ,  t o  2 m ( 6  f t) below t h e  bo t tom ledge,  gave no p o s i t i v e  s i d e -  

t r a c k i n g  i n d i c a t i o n s .  A l though  some g r a n i t e  c u t t i n g s  were no ted ,  no s i g n  of 

i n c r e a s e  o f  l o a d  on t h e  b i t  was i n d i c a t e d .  

A t  t h i s  p o i n t ,  i t  was dec ided t o  s e t  a wh ips tock  above t h e  f i s h  a t  about 

2800 n; (9400 f t ) .  The i n i t i a l  a t tempt  was made w i t h  a 0.30-m (12 - in . ) -d iam 

s t o c k  ( t h a t  i s  t h e  d iamete r  a t  t h e  l o w e r  s o l i d  end o f  t h e  tape red ,  cu rved  

wedge). The whipstock hung up a t  about 2190-m ( 7 2 0 0 - f t )  dep th  when r u n  i n  t h e  

h o l e  and subsequent reaming o f  t h e  h o l e  and t r i m m i n g - o f f  o f  some o f  t h e  meta l  

s t i l l  d i d  n o t  a l l o w  t h i s  whipstock t o  be r u n  i n  t h e  ho le .  Whi le  w a i t i n g  f o r  a 

s m a l l e r  d iameter  whipstock,  ano the r  p l u g  was p laced  and ano the r  s i d e t r a c k i n g  

a t t e m p t  was made. 

3 
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A cement p l u g  (H c l a s s ,  No. 7 )  was p laced  a t  3011 m (9880 f t )  and f a c e  

o f f  t o  2876 m (9500 f t ) .  A gamma l o g  was t h e n  run  and an a l t e r e d  zone a t  285 

t o  2881 m (9370 t o  9354 f t )  i d e n t i f i e d .  It was suggested t h a t  underreaming a t  

t h a t  depth i n t e r v a l  would p r o v i d e  a s o f t e r  rock i n  which t h e  PDM s i d e t r a c k  

d r i l l i n g  c o u l d  c u t  a s i d e - w a l l  groove. Two underreamer runs were r e q u i r e d  t o  

produce an e n l a r g e d  s e c t i o n  f rom 2833 t o  2844 m (9293 t o  9330 f t ) .  A 

two- independent-arm c a l i p e r  l o g  was run  and showed t h a t  a symmetric en la rge -  

ment had been achieved. A s p e c i a l  c l a s s  J cement p l u g  (No. 8 )  was p laced  and 

a l l o w e d  t o  harden f o r  48 h. Dur ing  t h i s  t i m e  t h e  scheduled 64-arm c a l i p e r  

i n s p e c t i o n  was performed on t h e  34.0-cm (13-3/8- in . ) -d iam i n t e r m e d i a t e  cas ing ,  

and i n d i c a t e d  t h a t  no new wear o r  damage had been susta ined.  

T h i s  p l u g  was cored and showed a f a i r l y  h i g h  compressive s t r e n g t h ,  b u t  

a1 so i n d i c a t e d  t h a t  t h e r e  were some m i  x i  ng p r o b l  ems because d i  s t i  n c t  i nhomo- 

g e n e i t i e s  were p resen t  i n  t h e  cores.  Two PDM ( D y n a - D r i l l )  runs were made w i t h  

22.2-cm (8-3/4- in . ) -d iam T C I  b i t s  and two w i t h  a s p e c i a l  diamond s i d e t r a c k i n g  
b i t s .  The d r i l l i n g  r a t e s  were h e l d  t o  0.3 m/h (1 f t / h ) .  The second 

d iamond-b i t  run s t a r t e d  t o  show some s i g n s  o f  g r a n i t e  c u t t i n g s  a f t e r  9 h o f  

w o r k i n g  up and down on t h e  s i d e  w a l l  o f  t h e  underreamed zone. A t h ree -cone  

TCI b i t  22.2-cm (8 -3 /4 - in . ) -d iam was t h e n  run  i n  on a PDM and d r i l l e d  w i t h  

some s i g n s  o f  g r a n i t e  c u t t i n g s ,  b u t  t h e  cone t i p s  were dropped and had t o  be 

f i s h e d  w i t h  a magnet run. A second b i t  run  w i t h  an 21.2-cm (8 -3 /8 - in . )  

diamond b i t  and PDM d r i l l e d  w i t h  l o a d  on b i t  and appeared t o  be s i d e t r a c k e d .  

C u t t i n g s  showed c o n s i d e r a b l e  g r a n i t e ,  and t h e  n e x t  run  d r i l l e d  13.1 m (43 f t )  

and i t  was judged t o  have s i d e t r a c k e d .  A r o t a r y  b u i l d  assembly was r u n  i n  t h e  

h o l e  b u t  would n o t  t a k e  we igh t  on t h e  b i t  w i t h o u t  d r i l l i n g  v e r y  r a p i d l y ,  and 

t h e r e f o r e  a f t e r -  o n l y  1.2 m ( 4  f t )  o f  d r i l l i n g ,  ano the r  PDM was p i c k e d  up and 

o r i e n t e d  w i t h  an EYE s t e e r i n g  t o o l  t o  c o n t i n u e  s i d e t r a c k i n g .  However, a f t e r  

5.8 m (19 f t ) ,  i t  was concluded t h a t  t h e  s i d e w a l l  g r o o v i n g  had n o t  a c t u a l l y  

r e s u l t e d  i n  a s i d e t r a c k .  The cement was d r i l l e d  o u t  t o  a depth o f  2896 m 

(9500 f t )  and a 27.3-cm (10-3/4- in . ) -d iam whipstock was prepared t o  be 

cemented i n .  

On day 283, a f t e r  a tempera tu re  survey and a p p r o p r i a t e  c o o l i n g  program, 

t h e  second whipstock was run i n  w i t h  t h e  wedge ang le  s e t  t o  d r i l l  o f f  a t  about 

40"E o f  t h e  h i g h  s i d e  o f  t h e  h o l e ,  and s u c c e s s f u l l y  cemented. To assure a 

good set -up t h e  cement was a l l owed  t o  c u r e  f o r  f o u r  days w h i l e  d r i l l - p i p  

i n s p e c t i o n ,  a t h i c k n e s s  survey o f  t h e  13-3/8- in .  c a s i n g  and hardbanding o 
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d r i l l  p i p e  was per formed.  The cement was tagged a t  2781 m (9123 f t )  and 

G r i l l e d  w i t h  a 31.1-cm (12-1/4- in . ) -d iam m i l l  t o o t h  b i t  i n  ha rd  cement t o  2825 

m (9270 f t ) .  A c o r e  was taken and then  t h e  cement faced o f f  j u s t  above t h e  
underreamed zone a t  2835 m (9300 f t ) .  

Whi le  d r i l l i n g  ou t  t h e  cement above t h e  wh ips tock  t h e  b i t  encountered 

some j u n k  (h igh-chromium s t e e l ) ,  o b j e c t ( s )  t h a t  were perhaps 1 m ( 3  f t )  l ong .  

These o b j e c t ( s )  r e q u i r e d  two runs w i t h  21.9-cm (8-5 /8- in . ) -d iam tape red  and 

f l a t - e n d e d  m i l l s  and two magnet runs  upon t h e  approach t o  wh ips tock  t o p  a t  

2879 m (9444 f t ) .  On day 299 t h e  d r i l l  p i p e  t w i s t e d  o f f  i n  a c o l l a r  

connec t ion ,  b u t  t h e  BHA was f i s h e d  o u t  p rompt ly .  

On day 302 a 31.1-cm (12-1 /2- in . ) -d iam r o t a r y  assembly d r i l l e d  down t h e  

l e n g t h  o f  t h e  wh ips tock  w i t h o u t  problems. Two more maqnet runs  c l e a r e d  t h e  

meta l  f rom t h e  h o l e  and on day 302, a 31.1-cm (12-1 /4- in . ) -d iam TCI b i t  and a 

s l i c k  assembly d r i l l e d  2.4 m ( 8  f t )  w i t h  c l e a r  i n d i c a t i o n s  o f  g r a n i t e  c u t t i n g s  

and t h e r e f o r e  a 31.1-cm (12-1 /4- in . ) -d iam i n c l i n a t i o n  b u i l d  assembly was run.  

On day 305 t h i s  b u i l d i n g  assembly d r i l l e d  296 m (97  f t )  and v e r i f i e d  by  

d r i l l i n g  r a t e ,  i.e., a r a t e  o f  p e n e t r a t i o n  2.4 t o  2.7 m/h ( 8  t o  9 f t / h )  w i t h  

200 x 10 N (45 000 l b f )  b i t  we igh t ,  t h a t  g r a n i t e  was be ing  d r i l l e d .  There- 

f o r e ,  t h e  s i d e t r a c k i n g  o p e r a t i o n s  were complete.  They had consumed 101 days. 

The f i r s t  v a l i d  survey below t h e  wh ips tock  was a t  2900 m (9516 f t )  and 

i n d i c a t e d  24ON73"E. (The s t e e l  i n  t h e  wh ips tock  and 10  m (30 f t )  l o n g  

t a i  1 - p i p e  anchor i n f l  uenced t h e  compass read ings  above t h a t  dep th ) .  Th i  s 

caused some concern s i n c e  i t  seemed t o  i m p l y  t h a t  t h e  d r i l l - o f f  f r om t h e  

wh ips tock  may have been t o  t h e  l e f t ,  o r  west s i d e  o f  t h e  ho le ,  i n s t e a d  of  t h e  
t o p  and eas t  ( r i g h t )  s i d e  as planned. It was dec ided t o  c o n t i n u e  t o  d r i l l  t o  

t h e  n e x t  d r i l l - p i p e  connect ion ,  2913 m (9558 f t )  and then p u l l  t h e  b i t ,  

r e p l a c e  t h e  r i g  BOP s tack ,  and o r d e r  o u t  a magnetometer p r o x i m i t y  t o o l  t o  

de te rm ine  range and d i s t a n c e  f rom t h e  s i d e t r a c k e d  h o l e  t o  t h e  whipstock.  The 

M I N I R A N G E  t o o l  (Jenson, Inc., Aus t i n ,  TX) i s  des igned t o  do such p r o x i m i t y  

e v a l u a t i o n s .  A second survey a t  2901 m (9518 f t )  had a c o n f i r m i n g  t r a j e c t o r y  

e l  ement o f  24ON73"E. 

The M I N I R A N G E  t o o l  i n d i c a t e d  a t  2893 m (9491 f t )  t h a t  t h e - d i r e c t i o n  f rom 

t h e  o l d  EE-3 h o l e  ( t h e  wh ips tock  t a i l  p i p e )  t o  t h e  newly d r i l l e d  bo reho le  was 

N9O0 + 5 " E  and t h e  d i s t a n c e  was 76 k1.5 cm (30  2 6  i n . ) .  A m u l t i s h o t  g y r o  

n t e r v a l  t o  c o n f i r m  t h e  change i n  
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survey was a l s o  run  across  t h e  wh ips tock  
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d i r e c t i o n  o f  t h e  new h o l e  r e l a t i v e  t o  t h e  wh ips tock  and t h e  o l d  EE-3 boreho le .  

A d i r e c t i o n a l  d r i l l i n g  run  w i t h  a PDM and t h e  EYE s t e e r i n g  t o o l  was then  made 

The run  c o n s i s t e d  o f  22 m (73 f t )  and t h e  s t e e r i n g  t o o l  i n d i c a t e d  an i n c l i n a -  

t i o n  i n c r e a s e  of  1" and a t u r n  t o  t h e  eas t  o f  7.5". A b u i l d  assembly w i t h  a 

s i x  p o i n t  n e a r - b i t  reamer was then  p i cked  up and d r i l l e d  ahead t o  2962 m (9718 

f t ) .  A s i n g l e - s h o t  survey on t h e  nex t  r o t a r y  d r i l l i n g  b u i l d  assembly y i e l d e d  

survey read ings  of 24-1/2"N 78"E a t  2923 m (9753 f t )  and 24-3/4"N 77"E a t  2988 

m (9805 f t ) .  

The nex t  few hundred f e e t  o f  d r i l l i n g  were c r i t i c a l  as t h e  t r a j e c t o r y  

da ta  i n d i c a t e d  t h a t  t h e  two ho les  c o u l d  i n t e r s e c t .  At tempts were t h e r e f o r e  

made t o  run  another  m u l t i s h o t  gy ro  survey and a tandem magnet ic  m u l t i s h o t  sur -  

vey across  t h e  wh ips tock  and i n t o  t h e  newly d r i l l e d  boreho le .  I ns t rumen t  and 

o p e r a t i o n a l  problems p lagued these surveys.  Only  one o f  t h e  tandem m u l t i s h o t  

magnet ic  surveys was cons ide red  v a l i d ,  and i t  g e n e r a l l y  con f i rmed  t h e  M I N I -  

RANGE p r o x i m i t y  t o o l  da ta ,  so t h e  d e c i s i o n  was made t o  d r i l l  ahead w i t h  a 
b u i l d  assembly. The c o n c l u s i o n  was t h a t  t h e  new h o l e  would miss  t h e  o l d  E E - 3  

boreho le  t r a j e c t o r y  and no i n t e r s e c t i o n  would occur .  

E. C o n t i n u a t i o n  o f  D i r e c t i o n a l  D r i l l i n g  

The nex t  30 days were concen t ra ted  on o r i e n t i n g  t h e  EE-3 b o r e h o l e  p roper -  

l y  above EE-2, e s t a b l i s h i n g  an i n c l i n a t i o n  o f  35", and e s t a b l i s h i n g  a t a r g e t  

t r a j e c t o r y  v e c t o r  f o r  t h e  EE-3 bo reho le  t h a t  would be p a r a l l e l  t o  t h a t  o f  EE-2 

and a t  t h e  d e s i r e d  depth  i n t e r v a l ,  i.e., 3230 t o  3290 m (10 600 t o  10 800 f t ) .  

Only  about 300 m (1000 f t )  of d r i l l i n g  remained t o  accompl ish these  o b j e c t i v e s .  
Us ing  a p p r o p r i a t e  b u i l d i n g  assembl ies,  and s i x  d i r e c t i o n a l  d r i l l i n g  runs  

w i t h  t h e  h i g h  tempera ture  ME1 19.7-cm (7-3 /4- in . ) -d iam t u r b o d r i l l s ,  t h i s  sec- 

t i o n  o f  t h e  h o l e  was completed. These 30 days i n c l u d e d  s i x  days used f o r  

d r i l l - p i p e  i n s p e c t i o n ,  hard  banding,  and runn ing  o f  a 64 -a rm-ca l i pe r  i nspec -  

t i o n  l o g  o f  t h e  34.0-cm (13 -3 /8 - ine ) -d iam cas ing .  On day 349, a t  a depth  o f  

3289 m (10 791 f t ) ,  t h e  h o l e  d iameter  was reduced t o  12.2-cm (8-3/4- in . ) -d iam 

by  t h e  d r i l l i n g  o f  a 6.0-m ( 2 0 - f t )  l o n g  s e c t i o n  w i t h  a 25.1-cm (9-7 /8- in . ) -  

d iam b i t .  The r e s u l t i n g  t r a j e c t o r y  elements f o r  EE-3 i n  t h i s  reduced d iameter  

t r a n s i t i o n  s e c t i o n  were de termined t o  be ve ry  c l o s e  t o  those  planned. 

F. EE-3 T r a j e c t o r y  a t  Hole-Diameter  Reduct ion  

A t  a TD o f  3290 m (10 806 f t ) ,  TVD 3200 m (10 504 f t ) ,  a s i n g l e - s h o t  

survey  i n d i c a t e d  34-3/4"N 54"E, and t h a t  v e c t o r  compared f a v o r a b l y  w i t h  t h e  
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o r e h o l e  s e c t i o n  below on t h e  EE-2 t r a j e c t o r y  t h a t  had t h e  e lements o f  a MD of  

526 m (11  568 f t ) ,  TVD 3458 m ( 1 1  344 f t ) ,  a t  34-1/Z0N 58OE. 

These two p o i n t s  a r e  p l o t t e d  on F i g s .  1 and 2 and i n d i c a t e  t h e  r e l a t i v e  

p o s i t i o n s  and o r i e n t a t i o n s  o f  t h e  two w e l l s  a t  t hese  p o i n t s .  The r e g i o n  below 

these  t r a n s i t i o n  s e c t i o n s  o f  t h e  two w e l l s  i s  t h e  r e s e r v o i r  p o r t i o n  o f  t h e  HDR 

system, which i s  t h e  o b j e c t i v e  o f  t h e  EE-2/EE-3 d r i l l i n g  campaign. 

G. D r i l l i n g  t h e  22.2-cm (8-3/4-in.)-Diam Ho le  

The f o l l o w i n g  93 days were spent  d r i l l i n g  t h e  22.2-cm (8 /3 -4- in . ) -d iam 

h o l e  i n c l i n e d  a t  35". The d r i l l i n g  p l a n  c a l l e d  f o r  s i n g l e - s h o t  surveys eve ry  

20 m (60 f t ) ,  d r i l l i n g  w i t h  h o l d  o r  b u i l d  assembl ies,  and (by  c l o s e  m o n i t o r i n g  

o f  t r a j e c t o r y  r e s u l t s )  use o f  d i r e c t i o n a l  d r i l l i n g  t o  c o n t r o l  t h e  course  o f  

EE-3 w i t h i n  t h e  requ i  r e d  to1  erances.  

The d r i l l i n g  o p e r a t i o n s  extended f rom day 349 t o  443 when TD was 

a c h i e v e d .  T h i s  t i m e  i n t e r v a l  was e x t e n d e d  c o n s i d e r a b l y  due t o  s e v e r a l  

problems. The most t roublesome was an extended f i s h i n g  o p e r a t i o n  o f  45 days 

d u r a t i o n .  Problems were a l s o  encountered when H2S f o r m a t i o n  was d e t e c t e d  i n  

t h e  d r i l l i n g - f l u i d  rese rve  p i t s .  

The f i r s t  8-3/4- in . -d iam b i t  run  was i n i t i a t e d  a t  3295 m (10 811 f t )  and 

d r i l l e d  s t e a d i l y  w i t h  a BHA des igned t o  h o l d  t h e  i n c l i n a t i o n  angle.  A f t e r  24 

m (309 f t )  t h e  s l i c k - w i r e  u n i t  used t o  run  t h e  s i n g l e - s h o t  surveys f a i l e d  and 

upon t r i p p i n g  o u t ,  w h i l e  p u l l i n g  w i r e ,  t h e  d r i l l  s t r i n g  became jammed a t  a 

dep th  o f  1918 m (6300 f t )  i n  t h e  31.1-cm (12-1 /4- in . ) -d iam ho le .  F i s h i n g  oper -  

a t i o n s  f o r  t h e  s l i c k  w i r e  and unjamrning t h e  BHA took  f o u r  days. The d i a g n o s i s  

was t h a t  a " keysea t "  had formed i n  t h i s  zone, and t h e  17.1-cm (6-3 /4- in . ) -d iam 

c o u p l i n g  on t h e  d r i l l  s t r i n g  had worn a v e r t i c a l  groove i n t o  t h e  bo reho le  s i d e  

w a l l  s u f f i c i e n t l y  deep t o  jam t h e  17.1-cm (6-3/4- in . ) -d iarn bod ies  o f  t h e  d r i l l  

c o l l a r s  o r  reamers i n  t h e  22.2-cm (8-3 /4- in . ) -d iam BHA. When t h e  BHA was on 

t h e  r i g  f l o o r ,  deep scrape marks were found o n l y  on t h e  t o p  o f  t h e  topmost  

t h r e e - p o i n t  reamer body, l e n d i n g  suppor t  t o  t h e  t h e o r y  o f  a keyseat .  The 

keyseat  zone was d r i l l e d  and reamed ou t .  A s t r i n g  reamer was a l s o  i n c l u d e d  on 

t h e  n e x t  BHA t o  c o n t i n u e  t h e  reaming d u r i n g  t h e  nex t  b i t  run.  A modera te l y  

s t r o n g  r o t a r y  b u i l d  assembly was used t o  d r i l l  t o  3491 rn (11 454 f t )  and a 

s i n g l e - s h o t  survey showed 33-1/4', N50"E. 

On day 357 t h e  d r i l l  s t r i n g  was l a i d  down f o r  i n s p e c t i o n  and t h e  second 

p i cked  up. It had been dec ided t h a t  i t  was a s i g n i f i c a n t  t i m e  and c o s t  

t o  have a second s t r i n g  o f  d r i l l  p i p e  on hand so t h a t  d r i l l i n g  c o u l d  
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proceed w h i l e  i n s p e c t i o n  was accompl ished. The d r i l l  p i p e  c o n s i s t e d  o f  about  

100 j o i n t s  [app rox ima te l y  1000 m (3000 ft)! o f  E-grade d r i l l  p i p e  on t h  

bo t tom o f  t h e  s t r i n g ,  and some 250 j o i n t s  o f  S-grade, h i g h - s t r e n g t h  p i p e  i n  

t h e  upper p o r t i o n .  T h i s  arrangement p laced  t h e  more f a t i g u e - r e s i s t a n t  E-p ipe  

i n  t h e  h i g h e r  tempera ture ,  l ower  p o r t i o n  o f  t h e  s t r i n g  where h i g h - f a t i g u e  

loads  would be expected. The h i g h - s t r e n g t h  p i p e  i n  t h e  upper p o r t i o n  was 

p laced  where t h e  l a r g e r  p u l l i n g  l oads  were app l i ed .  The s t r i n g  we igh t  a t  t h i s  

t i m e  was about 119 500 k g  (250 000 l b m ) ,  r e q u i r i n g  a p u l l i n g  f o r c e  o f  1.113 x 

106N (250 000 l b f ) .  The S-grade p i p e  was needed s i n c e  drag  o f  4.5 x 10 N (100 

000 l b f )  i n  excess o f  p i p e  we igh t  was f r e q u e n t l y  exper ienced.  

A b u i l d  assembly was nex t  run  i n  t h e  h o l e  t o  c o r r e c t  t h e  l o s s  i n  i n c l i n a -  

t i o n  exper ienced by t h e  p r e v i o u s  b i t  run,  b u t  a f t e r  o n l y  43 m (141 f t )  and two 

surveys ,  t h e  BHA b u i l t  1-1/2"  i n  20 m (67 f t )  and 2-1/2" i n  4 2  m (137 f t ) .  

D r i l l i n g  t o  a depth  o f  3631 m (11 914 f t ) ,  a survey i n d i c a t e d  36ON49"E. It 

was concluded t h a t  downhole-motor c o r r e c t i o n s  would be r e q u i r e d  because t h e  
r o t a r y  d r i l l i n g  was c o n t i n u i n g  t o  d r i f t  t o o  r a p i d l y  toward  t h e  l e f t  ( n o r t h ) .  

Whi le  a reaming assembly was be ing  run  t o  bottom, a p i s t o n  rod  on one o f  

t h e  d r i l  l i n g - f l u i d  c i r c u l a t i n g  pumps broke and s u s p i c i o u s - l o o k i n g  c o r r o s i o n  

was i n s p e c t e d  by  a d r i l l i n g - f l u i d  f i e l d  chemist  (NL-Treat ing  Chemicals) .  

Hydrogen s u l f i d e  (H2S) was de tec ted  i n  t h e  break,  s c a l e  on t h e  d r i l l  p ipe ,  and 

d i s s o l v e d  i n  t h e  d r i l l i n g  f l u i d .  T h i s  c o n d i t i o n  r e q u i r e d  t h a t  a b a c t e r i c i d e  

be used t o  t r e a t  t h e  s o l i d s  i n  t h e  bo t tom o f  t h e  p i t s  and t h a t  t h e  l e v e l  of  

d i s s o l v e d  H2S i n  t h e  f l u i d  and t h e  t o t a l  s u l f u r *  l e v e l  i n  t h e  f l u i d  be reduced. 

The f i r s t  d i r e c t i o n a l  c o r r e c t i o n  i n  t h e  22.2-cm (8-3 /4- in . ) -d iam bo reho le  

was made on day 363 w i t h  a 7.6-m ( 2 5 - f t )  r u n  w i t h  t h e  s m a l l e r  13.7-cm (5-3 /8-  

i n . ) -d iam h igh- tempera ture  ME1 t u r b o d r i l l .  A l o w  b i t  l o a d  o f  2.2 x 10  N (5000 

l b f )  was used. The run  was t e r m i n a t e d  when t h e  b i t  a p p a r e n t l y  " l ocked  up." 

I n s p e c t i o n  of t h e  b i t  i n d i c a t e d  t h a t  t h e  t u r b o - d r i l l  had spun o f f  bo t tom and 

5 

4 

ground severe f l a t s  on t h e  b i t  cones and t e r m i n a t e d  t h e  run. The f o l l o w i n g  

reaming and d r i l l i n g  assembly w i t h  a h o l d  BHA c o n f i g u r a t i o n  g o t  s t u c k  t w i c e  a s  

t h e  l u b r i c i t y  o f  t h e  d r i l l i n g  f l u i d  had been l o s t  due t o  t h e  a d d i t i o n  o f  t h e  

s u l  f u r  reduc ing  chemical  s t o  t h e  r e s e r v e  p i t s .  The f o l  1 owing d r i  11 i n g  assembly 

a l s o  exper ienced ve ry  h i g h  t o r q u e  and d rag  as reaming and d r i l l i n g  were 

at tempted.  D r i l l i n g  t o  3682 m (12 079 f t )  was accompl ished however. A t e s t  

0 8 *An amonium b i s u l f i t e  system was be ing  used f o r  c o r r o s i o n  c o n t r o l .  
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b i t  run  was then  made t o  e v a l u a t e  t h e  d r i l l i n g - f l u i d  c o n d i t i o n s  and a ve ry  

a i g h  t o r q u e  and drag  f o r c e  of 5.34 x 10 N (120 000 l b f )  over  s t r i n g  we igh t  

were  p r e s e n t .  The d r i l l i n g - f l u i d  s p e c i a l i s t s  a d v i s e d  c l e a n i n g  o u t  t h e  

boreho le ,  r i g  tanks ,  and rese rve  p i t s .  The west r e s e r v e  p i t  was empt ied and 

recharged and t h e  annulus was f l u s h e d .  D r i l l i n g  w i t h  t h e  west rese rve  p i t  

a lone  was i n i t i a t e d  w h i l e  t h e  eas t  p i t  was empt ied and dredged ou t .  The 

d r i l l - p i p e  i n s p e c t i o n  o f  t h e  o r i g i n a l  s t r i n g  i n d i c a t e d  t h e  presence of one 

cracked p i n  on t h e  E-grade and e i g h t  cracked p i n s  on t h e  S-grade p ipe .  

D r i l l i n g  con t inued  t o  a depth  o f  4211 m (12 100 f t )  w i t h  a survey r e s u l t  

of 36"N 53"E. Two more d i r e c t i o n a l  runs w i t h  t u r b o d r i l l s  b rought  t h e  depth  t o  

3833 m (12 576 f t )  and had c o r r e c t e d  t h e  az imuth  t o  37"N 70°E. A t  t h i s  p o i n t  

t h e  west r e s e r v e  p i t  was channe l i ng  and r i g -pump-suc t i on  tempera ture  had 

reached 65°C (13OOF) and some c u t t i n g s  were b e i n g  sucked i n t o  t h e  r i g  c i r c u l a t -  

i n g  pumps. A four -day  h a l t  i n  d r i l l i n g  o p e r a t i o n s  was necessary w h i l e  t h e  

eas t  r e s e r v e  p i t  was c leaned o u t  w i t h  a d r a g l i n e ,  f r o n t  l o a d e r ,  and vacuum 

t r u c k s .  

5 

An ea r then  dam was p laced across t h e  m i d d l e  o f  t h e  e a s t  p i t .  These two 

s e p a r a t e  p i t s  t h u s  fo rmed  w o u l d  be  used  as t h e  c u t t i n g s - s e t t l i n g  and 

f l u i d - c o o l i n g  system, and t h e  western p i t  would be abandoned. The p i t s  were 

now renamed numbers 1, 2, and 3, f rom west t o  eas t  and p i t  No. 1 was abandoned. 

On day 383, t h e  chemical a n a l y s i s  o f  p i t  No. 2 showed l e s s  than  5 ppm H Z S  

and a pH o f  10.5 so d r i l l i n g  o p e r a t i o n s  were resumed w i t h  a packed, i n c l i n a -  

t i o n  h o l d i n g  assembly. D r i l l i n g  progressed smooth ly  w i t h  some h i g h - t o r q u e  and 

t i g h t - h o l e  c o n d i t i o n s  encountered. These t roublesome c o n d i t i o n s  decreased as 
t h e  c o n c e n t r a t i o n  o f  t h e  l u b r i c i t y  a d d i t i v e  i nc reased  and t h e  h o l e  coo led  

down. A t  a depth  o f  3930 m (12 895 f t ) ,  t h e  t r a j e c t o r y  survey gave 36-3/4"N 

66"E, and a second d i r e c t i o n a l  c o r r e c t i o n  was requ i red .  W i  re1  i n e ,  c a b l e  head, 

and t u r b o d r i l l  problems p lagued t h i s  ope ra t i on .  The s p e c i a l  h igh - tempera tu re  

EYE s t e e r i n g  t o o l  equipment was sent  f rom C a l i f o r n i a .  Whi le  a w a i t i n g  these  

ins t rumen ts ,  a r o t a r y  h o l d  assembly was run.  D r i l l i n g  con t inued  f o r  t h r e e  

days and reached a depth  of 4074 m (13 365 f t) .  A survey  a t  4061-m (13  324- 

f t )  depth  gave 36"N 73"E and i n d i c a t e d  t h a t  t h e  t r a j e c t o r y  w a s , d r i f t i n g  s l o w l y  

toward  t h e  n o r t h  and away from t h e  d e s i r e d  N80"E o r i e n t a t i o n .  

The accumulated 100-h r o t a t i n g  t i m e  on t h e  d r i l l  s t r i n g  d i c t a t e d  t h a t  i t  

shou ld  be l a i d  down and inspec ted .  The new s t r i n g  was p i c k e d  up, and a 64-arm 

@ c a l i p e r  survey i n s p e c t i o n  o f  t h e  34-cm (13-3/8 in . ) -d iam cas ing  showed t h a t  no 
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a d d i t i o n a l  wear had oc,curred. The new w i r e l i n e  was found t o  be s p l i c e d  and 

had a l l owed  wa te r  e n t r y  so t h e  scheduled d i r e c t i o n a l  run  was de layed  and 

packed, h o l d i n g  BHA was p i c k e d  up. 

A t  a 
b i t  dep th  o f  4063 m (13 330 f t ) ,  t h e  d r i l l  s t r i n g  t w i s t e d  o f f  w i t h  t h e  b i t  10 

It was necessary t o  s t a r t  reaming a t  a dep th  o f  4048 rn (13 280 f t ) .  

m (35 f t )  above bottom. No excess i ve  t o r q u e  o r  d rag  had been exper ienced,  and 

t h e  s t r i n g  had j u s t  been inspec ted .  

T h i s  t w i s t - o f f  had occu r red  a t  1860 m (6102 f t )  and was a r e s u l t  o f  a 

f a i l u r e  i n  a p i n  th read .  The c l e a r i n g  o f  t h e  f i s h  r e q u i r e d  45 days, and was 

f i n a l l y  completed on day 439. 

Successful  removal o f  t h e  d r i l l  p i p e  and BHA r e q u i r e d  a p r o g r e s s i o n  o f  

s teps.  The i n i t i a l  f r e e - p o i n t  survey i n d i c a t e d  t h a t  t h e  d r i l l  s t r i n g  was 

e s s e n t i a l l y  f r e e  down t o  t h e  BHA. Problems were encountered w i t h  a l l  

f r e e - p o i n t  and b a c k - o f f  shot  t o o l s  due t o  t h e  h i g h  temperatures.  The approach 

t o  t h e  f i s h i n g  j o b  was t o  back o f f  and remove t h e  upper p a r t  o f  t h e  s t r i n g ,  

l a y  i t  down, and r e p l a c e  i t  w i t h  S-pipe. It was necessary t o  p e r f o r a t e  t h e  

HWDP above t h e  BHA i n  o r d e r  t o  e s t a b l i s h  t h e  c i r c u l a t i o n  needed t o  coo l  t h e  

h o l e  so t h a t  b a c k - o f f  sho ts  would work. 

A f t e r  e i g h t  days, two j o i n t s  o f  HWDP had been backed o f f ,  t h e  E -p ipe  a l l  

removed, and a f i s h i n g  assembly w i t h  heavy f i s h i n g  j a r s  was run  i n t o  t h e  h o l e  

t o  g r a p p l e  t h e  f i s h .  The recovered E-p ipe was o n l y  s l i g h t l y  ben t ,  which was 

an encouraging s i g n  because i t  i n d i c a t e d  t h a t  t h e  BHA m i g h t  n o t  have f a l l e n  

v e r y  ha rd  and was p r o b a b l y  n o t  jammed i n  t h e  bo t tom o f  t h e  hole.  However, t h e  
subsequent j a r r i n g  d i d  n o t  move t h e  f i s h .  T h i s  was v e r y  l i k e l y  due t o  t h e  

c u s h i o n i n g  e f f e c t  of t h e  rema in ing  25 j o i n t s  o f  HWDP above t h e  BHA. It was 

t h e n  necessary t o  remove as much as p o s s i b l e  o f  t h e  HWDP. 

Back-off a t tempts  f a i  1 ed , so a p i p e - s e v e r i n g  s e r v i c e  ( J e t  Research Cen- 

t e r ,  Houston, Texas) was c a l l e d  i n  t o  c u t  t h e  HWDP. A premature f i r i n g  

occu r red  a t  3989 m (13 088 f t ) ,  b u t  d i d  n o t  c u t  t h e  HWDP; a p p a r e n t l y  t h e  

d e t o n a t o r  was a f f e c t e d  by t h e  temperature.  The second j e t  s e v e r i n g  t o o l  f i r e d  

p r o p e r l y  a t  3948 m (12 943 f t )  down i n  t h e  f i f t h  j o i n t  o f  HWDP. 
Wh i le  t r i p p i n g  t h e  f i s h  and s t r i n g  o u t  o f  t h e  ho le ,  t h e  s t r i n g  jammed i n  

t h e  keyseat  a t  1920 m (6300 f t )  b u t  was c l e a r e d  q u i c k l y ,  e a s i l y ,  and c l e a n l y .  

The keyseat  was reamed aga in  w i t h  a 22.2-cm (8-3/4- in . ) -d iam reaming assembly 

run  above a f l a t - e n d e d  m i l l  w i t h  two t h r e e - p o i n t  reamers back-to-back. The 

m i l l i n g  assembly encountered t i g h t - h o l e  c o n d i t i o n s ,  so a reaming assembly wa 
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However, i t  became e v i d e n t  t h a t  t h e  problem was d r i l l i n g - f l u i d  

dyat:; n o t  a t i g h t - h o l e  c o n d i t i o n ,  because t h e  reaming a p p a r e n t l y  d i d  n o t  

improve t h e  drag  s i t u a t i o n .  The m i l l i n g  BHA was c i r c u l a t e d  and washed t o  

bo t tom on day 412 and t h e  m i l l i n g  run  ground o f f  about  2 m ( 5  f t )  o f  t h e  HWDP, 

i n d i c a t i n g  t h a t  t h e  t o o l  j o i n t  ( c o u p l i n g )  had been reached i n  t h e  m i l l i n g  run. 

The overshot  g rapp les  would 

n o t  h o l d  t h e  f i s h  so another  m i l l i n g  run  was conducted, b u t  t h e  g rapp les  s t i l l  

would n o t  ho ld .  Dur ing  a t h i r d  m i l l i n g  run,  t h e  d r i l l  s t r i n g  t w i s t e d  o f f  a t  

about  1585 m (5200 f t )  and r e q u i r e d  a g rapp le  ove rsho t  t o  remove t h e  m i l l i n g  

assembly on day 419. 

Chemist ry  check of t h e  No. 2 r e s e r v e  p i t  i n d i c a t e d  t h a t  40 ppm o f  H2S was 

p resen t  (10  ppm H2S i s  cons idered a c r i t i c a l  l e v e l ) .  A ve ry  l a r g e  i n c r e a s e  

had occu r red  o v e r n i g h t .  The r i g  p i t s  were f i l l e d  w i t h  c l e a n  water  and t h e  

h o l e  f l u s h e d  c lean.  Grade- E d r i l l  p i p e  was used t o  a v o i d  expos ing  t h e  

h i g h - s t r e n g t h  grade-S p i p e  t o  t h e  h i g h  H2S l e v e l .  

D r i l l - s t r i n g  change o u t  and i n s p e c t i o n  were per formed on day 420 of t h e  

o p e r a t i o n s .  Meanwhile, t h e  d r i l l i n g - f l u i d  f i e l d  eng ineers  and chemis ts  were 

a t t e m p t i n g  t o  c lean  up and c o n t r o l  t h e  H2S l e v e l s  i n  t h e  No. 2 and 3 p i t s .  

A l so  t h e  keyseat  a t  1980 t o  2040 m (6500 t o  6700 f t )  was reamed aga in  s i n c e  

t h e  l a s t  m i l l i n g  run  had i n d i c a t e d  some t i g h t n e s s  as t h e  assembly was p u l l e d  

up th rough  t h i s  i n t e r v a l .  The r i g  tanks  were used f o r  c i r c u l a t i n g  f l u i d  

because t h e  rese rve  p i t s  were s t i l l  t o o  h i g h  i n  H2S l e v e l  and t h e  b a c t e r i a  

were ve ry  a c t i v e  i n  them. The p l a n  was t o  i n n o c u l a t e  t h e  bo t tom s l i m e  o f  p i t  

No. 2 w i t h  a s t r o n g  b i o c i d e  u s i n g  a j e t  n o z z l e  and hose arrangement and t o  
abandon p i t  No. 3. T h i s  procedure occup ied  t h r e e  days. 

Two f i n a l  m i l l i n g  runs were conducted on days 423 and 424. The m i l l i n g  

had c leaned t h e  c o u p l i n g  and exposed t h e  11.4-cm (4-1/2-in.)-0.d. s e c t i o n  o f  

t h e  HWDP. On day 427, a f t e r  problems o f  s e t t i n g  overshot  g rapp les  were 

so lved,  t h e  f i s h  was p u l l e d *  f rom t h e  hole.  Next a s e r i e s  o f  j u n k  baskets  and 

magnet runs  was made t o  c l e a r  t h e  l a r g e  number o f  chunks o f  s t e e l  found on 

bottom. Ten magnet and junk-basket  runs were r e q u i r e d ,  i n t e r s p e r s e d  w i t h  

m i l l i n g ,  t o o t h - b i t ,  and c a r b i d e - i n s e r t - b i t  s t i r r i n g  runs t o  c l e a n  o u t  t h e  

T h i s  f a c t  was c o n f i  rmed by t h e  wear on t h e  m i l  1. 

*The h y d r a u l i c  d r i l l i n g  j a r s  i n  t h e  f i s h  were o p e r a t i n g  e f f e c t i v e l y ,  i n  tandem 
w i t h  f i s h i n g  j a r s ,  a f t e r  35 days exposure t o  t h e  260°C (5OOOF) s t a t i c  bore-  
ho l  e temperature.  
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bot tom of t h e  ho le .  These c lean -ou t  o p e r a t i o n s  consumed n i n e  days b e f o r e  a 

f i n a l  m i l l - t o o t h  b i t  run  assured t h a t  c lean  bo t tom o f  t h e  h o l e  was c lean.  

D r i l l i n g  o f  t h e  22.2-cm (8-3 /4- in . ) -d iam h o l e  resumed on August 1, 1981. 

A packed, h o l d  assembly was run  i n  t h e  h o l e  and d r i l l e d  t o  a depth  o f  4113 m 

(13  494 f t )  when t h e  d r i l l  s t r i n g  t w i s t e d  o f f  a t  a dep th  o f  2951 m (9683 f t ) .  

The f a i l u r e  was aga in  found t o  be a t h r e a d  i n  a p i n .  F i s h i n g  t h i s  t i m e  

occupied o n l y  one day because t h e  BHA was on bo t tom d r i l l i n g  when t h e  

t w i s t - o f f  occurred.  The g r a p p l e  l a t c h e d  on to  t h e  box on t h e  f i r s t  t r y  and t h e  

f i s h i n g  j a r s  loosened t h e  f i s h  w i t h  l i t t l e  e f f o r t .  

D r i l l i n g  w i t h  a packed-hole assembly cont inued,  and t h e  d r i l l  s t r i n g  was 

i n s p e c t e d  j o i n t  by j o i n t  on t h e  r i g  f l o o r  as i t  was run  i n  t h e  ho le .  Two p i n s  

w i t h  c racks  i n  t h e  th reads  were found, r e j e c t e d ,  and l a i d  down. 

D r i l l i n g  proceeded w i t h  o n l y  one f u r t h e r  problem. The d r i l l i n g  j a r s  

washed o u t  and leaked  so a t r i p  was r e q u i r e d  t o  r e p l a c e  t h e  j a r s .  Four days 

o f  s teady  d r i l l i n g  con t inued  u n t i l  t h e  b i t  t o rqued  up and stopped d r i l l i n g  a t  

4084 rn ( 1 3  933 f t ) .  It was dec ided t h i s  was t o  be t h e  l a s t  b i t  run  and t h e  TD 

o f  t h e  EE-3 w e l l .  The l a s t  b i t  had d r i l l e d  134 rn (439 f t )  i n  34.5 h o f  

d r i l l i n g  a t  a r a t e  o f  p e n e t r a t i o n  o f  4.8 m (12.7 f t / h ) .  The TD was about  150 

m (500 f t )  s h o r t  o f  t h e  p lanned 4.39 krn (14 400 f t )  depth.  

A f i n a l  s i n g l e - s h o t  survey was made a t  4225 m (13 861 f t )  and gave a 

t r a j e c t o r y  element o f  36-1/2"N 73"E. The bo reho le  had s t a r t e d  t o  d r i f t  back 

t o  t h e  e a s t  s l i g h t l y  and t h e  h o r i z o n t a l  TD p o s i t i o n  o f  EE-3 p r o j e c t e d  t o  t h e  

l o c a t i o n  o f  t h e  TD o f  EE-2, below, was es t ima ted  t o  be 60 m (180 f t )  n o r t h .  

H .  Boreho le  C lean ing ,  Casing Running, and Cementing 

The f i n a l  18 days o f  t h e  EE-3 d r i l l i n g  o p e r a t i o n s  were spent  r u n n i n g  t h e  

24.4-cm (9 -5 /8 - i  n. )-0.d. p r o d u c t i o n  c a s i n g  , f i r s t - s t a g e  cement ing,  t e n s i o n i n g  

t h e  cas ing ,  and cementing t h e  second stage. And f i n a l l y ,  d r i l l i n g  o u t  cement, 

r u n n i n g  cement bond and neutron-gamma l o g s  ove r  t h e  cased i n t e r v a l ,  and p e r -  

forming a f l u s h  and c l e a n i n g  o p e r a t i o n  f o r  t h e  open-hole r e s e r v o i r  s e c t i o n  o f  

t h e  ho le .  

The i n i t i a l  c l e a n i n g  c o n s i s t e d  o f  runn ing  t o  TD o f  t h e  w e l l  w i t h  a doub le  

s e t  o f  sc rapers  above a 22.2-cm (8-3 /4- in . ) -d iam b i t .  T h i s  BHA was t h e n  s h o r t  

t r i p p e d  up t o  t h e  31.1-cm (12-1/4- in . ) -d iam t r a n s i t i o n  p o i n t  a t  3292 rn (10  800 

f t )  and then  r e t u r n e d  t o  TD. The r e s e r v o i r  p o r t i o n  o f  t h e  h o l e  was c i r c u l a t e d  

and then  i t s  con ta ined  f l u i d  d i s p l a c e d  w i t h  a 2% d e t e r g e n t  s o l u t i o n  i n t e n d e d  

t o  soak i n  p l a c e  u n t i l  t h e  c a s i n g  was run  and t h e  f i n a l  c l e a n i n g  ( t h a t  was 
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p l  anned f o l 1  o w i n g  t h e  c a s i n g ,  c e m e n t i  ng ,  and t e n s i  o n i  ng p r o c e d u r e s )  was 

performed. 

A tempera ture  survey, which i n c l u d e d  two dwe l l s *  t o  o b t a i n  tempera ture  

recove ry  da ta ,  was performed by t h e  Los Alamos i n s t r u m e n t a t i o n  group. The 

tempera ture  a t  3353 m (11  000 f t)  was recorded as 197.81"C w i t h  a recove ry  

r a t e  o f  0.6"C/h. A Schl umberger boreho l  e-geometry gauge (a  two- independent-  

a r m - c a l i p e r  t o o l )  was a l s o  run. These measurements were used t o  r e l a y  p ro -  

j e c t e d  tempera ture  l e v e l s  t o  t h e  cementing eng ineers  a t  Dowel1 f o r  sample 

t e s t i n g  and r e t a r d e r  a d d i t i o n s ,  and t o  p r o v i d e  da ta  f o r  annulus volume c a l c u -  

l a t i o n s  f o r  cemen t -quan t i t y  de te rm ina t ions .  A cement p l u g  was s e t  below t h e  

p r o j e c t e d  p r o d u c t i o n  cas ing  shoe depth.  T h i s  r e q u i r e d  t h e  placement o f  two 

p lugs ,  because t h e  f i r s t  p l u g  f lowed down i n t o  t h e  22.2-cm (8 -3 /4 - in . )  h o l e  

below. A compensated neutron-gamma l o g  was then  r u n  (by  Schlumberger) t o  

p r o v i d e  f o r  a b e f o r e - a n d - a f t e r  e v a l u a t i o n  o f  p o s s i b l e  water  pockets  l e f t  
d u r i  ng t h e  cement i ng. 

The h i g h  s t r e n g t h  (P-110 grade, 47 l b m / f t )  c a s i n g  was inspec ted  b o t h  f o r  

body d e f e c t s  and f o r  i m p e r f e c t i o n s  i n  th reads  and coup l i ngs .  A t o t a l  o f  15 

(5.3%) j o i n t s  was r e j e c t e d .  T h i s  premium-grade-connect ion c a s i n g  ( V a l e r c o r ,  

VAM t y p e )  was s e l e c t e d  t o  a v o i d  t h e  p o t e n t i a l  f a i l u r e  modes of connec t ion  

separa t i ons  and c o l l a p s e  d u r i n g  t h e  t e n s i o n i n g  and h e a t - e x t r a c t i o n - p r o d u c t i o n  

phases, r e s p e c t i v e l y ,  i n  t h e  l i f e  o f  t h e  cas ing .  

The second cement p l u g  was se t  and a p r e l i m i n a r y  f l u s h  (pH=12.2) was pe r -  

formed t o  c l e a n  t h e  h o l e  o f  " b l a c k  gunk" t h a t  had been adher ing  as a heavy 

c o a t i n g  t o  a l l  l o g g i n g  t o o l s  and t h e  BHA t h a t  were removed f rom downhole. A 
t r i p l e  t a l l y  o f  t h e  cas ing  was per formed as i t  was p laced  on t h e  p i p e  racks .  

The second cement p l u g  was faced o f f  t o  a depth  o f  3170 m (10  400 f t ) .  

The cas ing  j a c k s  w i t h  sub-base and suppor ts ,  were s e t  on t h e  c e l l a r  f l o o r  and 

ad jus ted .  The 263 j o i n t s  o f  cas ing  were run  i n t o  t h e  ho e w i t h o u t  any d i f f i -  

c u l t i e s .  Two a d d i t i o n a l  j o i n t s  o f  c a s i n g  were r e j e c t e d  (6% t o t a l  r e j e c t i o n )  

when t h e  t o r q u e - t u r n  m o n i t o r i n g  system i n d i c a t e d  t h a t  t h e y  had f a i l e d  t o  make 

up p r o p e r l y .  The c a s i n g  j o i n t  below t h e  topmost j o i n t  had s t r e s s  gauges 

i n s t a l l e d  so t h a t  t h e  l oads  below t h e  we l lhead s l i p s  c o u l d  be mon i to red  d u r i n g  

hang-of f ,  cementing, f l u s h i n g ,  and t e n s i o n i n g  o p e r a t i o n s .  T h i s  j o i n t  and t h e  

*A h o l d  a t  one v e r t i c a l  s t a t i o n  t o  r e c o r d  t h e  tempera ture  t i m e  recove ry  a t  
t h a t  depth. 
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l a n d i n g  j o i n t  were s e l e c t e d  t o  be a l ower  carbon s t e e l  and o f  h e a v i e r  we igh t  

(L-80 grade a t  53.5 l b m / f t )  so t h a t  t h e y  would accommodate t h e  g r i p p i n g  a c t i o n  

of  t h e  wel lhead s l i p s  and c o u l d  be f i e l d  welded d u r i n g  subsequent we l l head  

at tachment  and s e a l i n g .  

The f i r s t - s t a g e  cement ing was then  performed. The f o r m u l a t i o n ,  Tab le  11, 

was des igned t o  have a p r e f l u s h  o f  wa te r  and o f  pozzolan ( f l y - a s h )  m a t e r i a l ,  

f o l l o w e d  by a s p e c i a l  H-c lass,  h igh - tempera tu re  cement m i x t u r e  des igned t o  

y i e l d  a h i g h - s t r e n g t h  and l o w - p e r m e a b i l i t y  cement. T h i s  f i r s t  s tage  was 

des igned t o  be pumped, w i t h  25% excess prov ided,  t o  f i l l  t h e  annulus f o r  1000 

m (3000 ft) from t h e  bottom. A t  t h e  t o p  o f  t h e  f i r s t  s tage  a t  a dep th  o f  2219 

m (7281 f t), a s tage c o l l a r  cement ing v a l v e  (DV t o o l )  had been i n s t a l l e d  i n  

TABLE I 1  

CEMENT FORMULATIONS AND VOLUMES FOR THE EE-3 9-5/8 I N .  PRODUCTION C A S I N G  

Staae 1 

P r e f  1 ush 

S1 u r r y  

20 b b l s  H20 f o l l o w e d  by 350 sacks pozzo lan  ( f l y - a s h ) ,  

w i t h  1.2% D-28 r e t a r d e r .  

950 sacks c lass -H  cement w i t h  144 b b l s  H20, 40% s i l i c a  

f l o u r  and 40% s i l i c a  sand (100 mesh) w i t h  0.75% D-65 

t u r b u l e n c e  enhancer,  2% D-20 b e n t o n i t e ,  0.2% L-10 r e t a r d e r  

c a t a l y s t ,  and 1.2% D-28 r e t a r d e r .  

D i s p l a c e d  w i t h  701 b b l s  H20 (760 b b l s  d e s i g n ) .  D i  s p l  acement 

Stage 2 

P r e f l  ush 

S1 u r r y  

20 b b l s  H20 

1200 sacks c lass -H  cement w i t h  1 f t  /sack p e r l i t e ,  191 3 

b b l s  H20, 2% D-28 r e t a r a e r ,  20% s i l i c a  f l o u r ,  20% 100 mesh 

s i l i c a  sand, 0.75% D-65 t u r b u l e n c e  enhancer, 2% b e n t o n i t e  

and 0.2% D-46 a n t i f o a m i n g  agent.  

D i s p l a c e d  w i t h  517 b b l s  H20. Disp lacement  
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t h e  c a s i n g  s t r i n g .  T h i s  v a l v e  was opened a f t e r  t h e  cement was p laced ,  and t h e  

6 d e x c e s s  cement i n  t h e  annulus above t h e  v a l v e  f l u s h e d  o u t  and d i s p l a c e d  t o  t h e  

On day 453, n i n e  days i n t o  t h e  c a s i n g  runn ing  and cement ing o p e r a t i o n s ,  

t h e  72-h p e r i o d  o f  w a i t i n g  on t h e  f i r s t - s t a g e  cement ended. A t empera tu re  

survey was run  by t h e  Los Alamos i n s t r u m e n t a t i o n  personnel .  The tempera tu re  

a t  t h e  DV t o o l  a t  a 2219 m (7282 f t )  depth was 138°C w i t h  a rebound r a t e  of 

O.l"C/h. T e s t i n g  and m i x i n g  o f  t h e  second stage cement ( T a b l e  11) was per -  

formed by Dowel l .  The Dowell  f r a c t u r i n g  t r u c k  (used t o  p r e s s u r i z e  t h e  

h y d r a u l  i c  j a c k s )  , h igh -p ressu re  p l  umbing , and a1 1 procedures were doub le  

checked, and a h y d r o s t a t i c  t e s t  r u n  t o  103 MPa (15 000 p s i ) .  The we l l head  

s l i p s  were a d j u s t e d  and t h e  j a c k s  were r e c i p r o c a t e d  t o  work t h e  t e n s i o n  down 

t o  about  1964 m (6444 f t )  as determined by t h e  observed s t r e t c h i n g  of t h e  
c a s i  ng. 

On day 455, t h e  second-stage cement ing j o b  was completed. The volume o f  

t h e  s l u r r y  (Tab le  11) had been c a r e f u l l y  c a l c u l a t e d  f rom t h e  c a l i p e r  l o g  t o  

j u s t  fill t h e  annulus t o  a depth o f  1000 m (3000 f t ) ,  which was 1305 m (4282 

f t )  above t h e  t o p  of t h e  f i r s t  stage. The des ign  was t o  p r o v i d e  about 150 m 

(500 f t )  of open f o r m a t i o n  below t h e  shoe o f  t h e  34.0-m (13-3/8- in . ) -d iam 

i n t e r m e d i a t e  c a s i n g  s t r i n g .  T h i s  shou ld  p reven t  any h i g h  p ressu res  f rom 

b u i l d i n g  up i n  t h e  upper annulus between t h e  two c a s i n g  s t r i n g s .  F i g u r e  7 

r e c o r d s  t h e  f i n a l  w e l l  c o n f i g u r a t i o n  f o r  EE-3 w i t h  t h e  c a s i n g  and cement ing 

d e t a i  1 s and depths recorded. 

The second-stage cement m i  x i  ng o p e r a t i o n s  met w i t h  some d i f f i c u l t y  when 
t h e  f i r s t  ba tch  o f  l i g h t e n i n g  agent ( p e r l i t e )  would n o t  m ix  i n t o  t h e  s l u r r y .  

T h i s  batch,  and t h e  second, were pumped w i t h  t h e  p e r l i t e  a d d i t i o n  by r u n n i n g  

su r face .  

i n  on t h e  f l y  i n t o  t h e  hose l i n e .  The c l o s i n g  (bumper) p l u g  was dropped and 

t h e  s tage cement ing v a l v e  (DV t o o l )  c l o s e d  a f t e r  a p r e c i s e  d i sp lacemen t  w i t h  

water .  

The p r e t e n s i o n  o f  t h e  upper p a r t  o f  t h e  c a s i n g  was t h e n  accomplished. 

Three l o a d i n g  c y c l e s  were s u f f i c i e n t  t o  work t h e  t e n s i o n  down and t h e  f i n a l  

c y c l e  t o  3.94 x 10 N (885 000 l b f )  s t r e t c h e d  t h e  c a s i n g  2.8 m (8.1 f t ) .  The 

s l i p s  were s e t  and t h e  t o p  j o i n t  was c u t  o f f  1.5 m ( 5  f t )  above t h e  wel lhead.  

The p lugs ,  DV t o o l ,  93 m (275 f t )  o f  cement, and t h e  cement ing shoe were 

d r i l l e d  o u t  w i t h  two t r i p s  w i t h  21.6-cm (8 -1 /2 - in . )  m i l l - t o o t h  b i t .  Junk 

baske ts ,  run i n  t h e  BHA above t h e  b i t ,  were r e t r i e v e d  w i t h  p i e c e s  o f  v e r y  h a r d  

6 
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133 /ft, K -55, 180 000 

w 

Tension 't 
u 107' KB 30" Conductor Pipe 

GL to KB is 27' 

1403' Top of Stage Collar 
1421' Bottom of Casing Packer 

1923' Bottom of 26 '  hole 

2275' Top of cement 
2552' 13 3/8", 72 , N-80 b S-95 set in 725000 Tension 

3000' Estimated cement IOD 

Cemented 20" casing through drill pipe as follows: Pump 80 bbls H,O followed by 2400 
sks 50-50 Pozmix containing 2% gel, 40% silica flour, and %pps flocele. Displaced w l  
27 bbls H,O. Full Returns while cementing but no cement to surface. Ran 2" line pipe 
to 45' in annulus and cemented as follom: Pump 500 sks Class "H" w/ 2% CaCI, . Filled 
annulus to within 15' of surface. WOC pumped approximately 150 sks Class "H" w/ 2% 
CaCl,and filled annulus. 

Cemented 1st stage of 13 318'' casing as follows Pumped 200 sks Class "H" containing 
80% silica flour, 0.7% CFR-2. and 0.35% HR.7. Displaced w/374 bbls H,O. Cemented 
2nd stage as follows: Pump 126 bbls H,O and open DV Tool. Pumped 1MX) sks Class 
"H" containing 1% CFR-2. 80% silica flour. Displaced w/214 bbls H,O. No returns 
while cementing first stage. Cement to surface on 2nd stage. 

7281' Top of stage collar 

10,374' 9 5/8", 47 Ift ,  P-110. VAM, set in 885.000 tension 

10791' Bottom of 12 % "  hole 

Cemented the 1st stage of the 9 518" casing as follows: Pumped 20 bbls H,O followed by 
350 sks pozzolan preflush containing 1.2% D-28, followed by 950 sks Class "H" contain 
ing 40% silica flour, 40% 100 mesh sand, 0.75% D-65, 2% D.20. 0.6% L.10. and 1.2% 
D-28. Displaced with 701 bbls H a  (note displmment should have been 760 bbls). 
Cemented 2nd stage as follows: Pumped 20 bbls H a ,  followed by 1200 sks Class "H" 
containing 1 ft lsk perlite, 20% D-66. 20% D-30,0.7% D-65. and 2% D-20. Displaced 
with 517 bbls H 0 and bumped plug. Full returns while cementing both stages. No 
cement to surface. 

Fig. 7. 
We1 1 b o r e  diagram f o r  EE-3 .  
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cement and t h e  c u t t i n g s  were i n  t h e  fo rm o f  hard  c h i p s  v e r i f y i n g  t h a t  a good 

U n i t i a l  se t  of t h e  f i r s t - s t a g e  cement had occurred.  

F o l l o w i n g  h i g h - v i s c o s i t y  ge l  sweeps t o  c lean  ou t  t h e  cement c u t t i n g s  

t h o r o u g h l y ,  t h e  cement p lugs  below t h e  c a s i n g  shoe were d r i l l e d  o u t  f rom 3169 

m t o  3426 m (10 397 t o  11 241 f t ) .  S o f t  cement, w i t h  c o n s i d e r a b l e  b l a c k  gunk 

( t h e  t h e r m a l l y  degraded l u b r i c a t i n g  agen t ) ,  was encountered so t h e  h o l e  was 

c i r c u l a t e d  aga in  w i t h  a ge l  sweep. The cement-bond l o g  and pos tcement ing  r u n  
of t h e  compensated-neutron and gamma-density l o g  were accompl ished on day 459. 

The f i n a l  c l e a n i n g  c o n s i s t e d  o f  washing and reaming down t o  TD w i t h  a 21.6-cm 

(8 -1 /2 - in . ) -d iam b i t ,  two c i r c u l a t i n g  volumes o f  h i g h - a l k a l i n e  (pH=12.5) 

f l u s h i n g  s o l u t i o n  and a f i n a l  d isp lacement  w i t h  c l e a n  water .  

A t  6:OO a.m. August 25,  1981, t h e  d r i l l  p i p e  had been l a i d  down, t h e  f l o w  

l i n e  c u t  o f f ,  t h e  conductor  p i p e  removed f rom t h e  we l lhead,  and B r i n k e r h o f f  

S igna l  D r i l l  R i q  56 was re leased.  

111. CONTROLLED-TRAJECTORY DRILLING 

The p lanned c o n t r o l l e d - t r a j e c t o r y  d r i l l i n g  o f  E E - 3  and t h e  f o r m a t i o n  o f  

t h e  r e s e r v o i r  s e c t i o n  above EE-2 r e q u i r e d  a h i g h - p r e c i s i o n  a p p l i c a t i o n  o f  

d i r e c t i o n a l  d r i l l i n g  techno logy .  The w e l l b o r e  pa th  o f  t h e  i n j e c t i o n  w e l l  EE-2 

had been e s t a b l  i shed , 2y11  w i t h  t h e  comp le t i on  o f  d r i l l i n g  o f  t h a t  w e l l  on May 

12 ,  1981. The d i r e c t i o n a l  d r i l l i n g  o p e r a t i o n s  and equipment used i n  w e l l  EE-2 

t h e  b a s i c  a p p r o a c h  and had d i c t a t e d  t h e  d i r e c t i o n a l  had e s t a b l  i shed 

d r i l l i n g  procedures r e q u i r e d  t o  d i r e c t  and c o n t r o l  t h e  t r a j e c t o r y  o f  EE-3. 

Va r ious  equipment i tems had been t e s t e d  and two d e f i n i t e  tempera ture  
l i m i t s  were e s t a b l i s h e d .  A t  tempera tures  l e s s  than  about 200°C (400"F), PDMs 

c o u l d  be used. T h i s  corresponds t o  depths l e s s  than  about  3 km (10 000 f t )  a t  
Fenton H i  11 . These downhol e d r i  11 i n g  motors a r e  c o n s t a n t - v o l  ume-di s p l  acement 

dev ices ,  and t h e r e f o r e  b i t  rpm i s  c o n t r o l l e d  d i r e c t l y  by t h e  f l o w  r a t e  of t h e  

d r i l l i n g  f l u i d .  The t o o l s  a re  w i d e l y  a v a i l a b l e  on a r e n t a l  bas i s .  Downhole 

b i t  r e a c t i o n  to rques  a r e  r e p r o d u c i b l e  and fami  1 a r  t o  d i  r e c t i  onal d r i  11 i ng 

eng ineers .  T h i s  has t h e  advantage o f  p r o v i d i n g  a r e l a t i v e l y  r e l i a b l e  p r e s e t  

of t h e  r e a c t i o n  t w i s t  o f  t h e  d r i l l  s t r i n g .  T h i s  o f t e n  a l l o w s  t h e  d i r e c t i o n a l  

c o n t r o l  t o  be performed w i t h  s i n g l e - s h o t  surveys r u n  between motor  runs.  

There fore  PDM d i r e c t i o n a l  d r i l l i n g  may n o t  n e c e s s a r i l y  r e q u i r e  t h e  use o f  t h e  

much more expens ive  cont inuous- readout  d i r e c t i o n a l - s t e e r i n g  t o o l  i ns t rumen ta -  

4 -7  

i on .  
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A t  t e m p e r a t u r e s  above 200°C ( 4 0 0 ° F )  t w o  s i z e s  o f  a l l - m e t a l ,  h i g h -  

tempera ture  r a t e d  t u r b o d r i  11 s were ava i  1 ab1 e. The PDMs have e las tomer  s t a t o r s  

and r a d i a l  bea r ings  and t h e r e f o r e  a r e  i n h e r e n t l y  tempera ture  1 i m i t e d  by t h e  

p e r f o r m a n c e  o f  t h e s e  t e m p e r a t u r e  s e n s i t i v e  components .  The 19.7-cm 
9 (7 -3 /4 - in . ) -d iam t u r b o d r i l l s  were used i n  t h e  d i r e c t i o n a l  d r i l l i n g  o f  EE-2. 

A t o t a l  o f  21  d i r e c t i o n a l  runs  was made i n  t h e  31.1-cm (12-1/4- in . ) -d iam po r -  

t i o n  o f  t h a t  w e l l .  lo Two s m a l l e r  13.6-cm (5-3 /8- in . ) -d iam t u r b o d r i l l s  were 

t e s t e d  a t  t h e  TD o f  EE-2 and i n  t h e  TerraTek D r i l l i n g  Research Labora to ry  

( S a l t  Lake City, Utah) .  These t o o l s  were des igned t o  pe r fo rm d i r e c t i o n a l  

d r i l l i n g  i n  t h e  22.2-cm (8-3 /4- in . ) -d iam boreho le .  Both s i z e s  o f  M E 1  t u r b o -  

d r i l l s  were des igned w i t h  s p e c i f i c  o p e r a t i n g  c h a r a c t e r i s t i c s  t o  match t h e  

t o r q u e ,  b i t  we igh t ,  and power c a p a c i t y  r e q u i r e d  t o  d r i l l  g r a n i t e  w i t h  TCI 

th ree-cone rock  b i t s  of t h e  s i z e s  and t ypes  t o  be used i n  t h e  Fenton H i l l  

d i r e c t i o n a l  d r i l l i n g  ope ra t i ons .  

A commercial f i r m  ( S c i e n t i f i c  D r i l l i n g  C o n t r o l s ,  I r v i n e ,  C a l i f o r n i a )  had 

developed and s u c c e s s f u l l y  t e s t e d  a h igh - tempera tu re  v e r s i o n  o f  t h e i r  EYE 

s t e e r i n g  t o o l  i n  t h e  bo t tom p o r t i o n  of t h e  EE-2 w e l l .  These t e s t s  had been 

per fo rmed d u r i n g  t h e  t r i a l s  o f  t h e  s m a l l e r  d iameter  ME1 t u r b o d r i l l s .  

The d i r e c t i o n a l  d r i l l i n g  s t r a t e g y  f o r  EE-3 used downhole motor  runs  

gu ided by a s t e e r i n g  t o o l ,  t h a t  were a l t e r n a t e d  w i t h  r o t a r y  d r i l l i n g  assem- 

b l i e s  i n tended  t o  h o l d  o r  b u i l d  t h e  i n c l i n a t i o n  ang le  o f  t h e  bo reho le  t r a j -  

e c t o r y .  The downhole-motor runs  were p r i m a r i l y  used t o  change az imuth  of  t h e  

w e l l b o r e .  The r o t a r y  assembl ies were used t o  h o l d  o r  b u i l d  i n c l i n a t i o n ,  b u t  

p r i m a r i l y  t o  d r i l l  ho le ,  and s e c o n d a r i l y  t o  ream o u t  an undergauge s e c t i o n  o r  

t o  ease a t i g h t  zone caused perhaps by  a crooked h o l e  c r e a t e d  by p r e v i o u s  

d i  r e c t i  onal  runs. 

A. Downhol e Motor  D i  r e c t i  ona l  C o n t r o l  

The 64 d i r e c t i o n a l  downhole motor  runs a r e  summarized i n  Tab le  111. The 

t y p i c a l  BHAs used w i t h  these  motor  runs  a r e  l i s t e d  on Tab le  I V .  

The p lanned KOP was 2010 m (6600 f t )  and t h e  w e l l b o r e  was d r i l l e d  i n i t i a l -  

l y  w i t h  ve ry  t i g h t - p a c k e d  h o l e  assembl ies t o  t h e  depth  o f  1964 m (6444 f t ) .  

The i n c l i n a t i o n  b u i l t  up s t e a d i l y  t o  10" and d r i f t e d  i n  t h e  west -nor thwest  

d i r e c t i o n .  The d r i f t  exper ienced was ve ry  s i m i l a r  t o  t h a t  r e a l i z e d  f o r  t h e  

p r e v i o u s  w e l l s  GT-211 and EE-1 .  12-14 T h i s  d r i f t  a p p a r e n t l y  r e f l e c t s  t h e  

n a t u r a l  d r i l l i n g  c h a r a c t e r i s t i c s  o f  t h e  g r a n i t e  i n  t h i s  depth  i n t e r v a l .  The 

f i r s t  changes i n  az imuth were p lanned t o  be accompl ished a t  l o w - i n c l i n a t i o n  @ 
36 



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

Run No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

0 23 
v 

D r i l l  
Motora 

BPDM 

BPDM 

BPDM 

DDPDM 

DDPDM 

BPDM 

BPDM 

NPDM 

NPDM 

NPDM 

DDT7D 

DDPDM 

DDPDM 

DDPDM 

NPDM 

NPDM 

NPDM 

NPDM 

NPDM 

DDT7S 

DDT7S 

NPDM 

NPDM 

S t e e r i n g  
Tool 

Serv i c e b  

ss 

ss 
EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

--- 

--- 

EYE 

EYE 

T A B L E  I11 

SUMMARY OF D I R E C T I O N A L  D R I L L I N G  RUNS AND R E S U L T S  FOR WELL E E - 3  

Bent Sub 
Angle 

2 O  

2' 

2' 

2' 

z0 
z0 
2' 

2*  

2' 

z0 
1 1 / 2 "  

1 1/2' 

1 1/2 '  

1 1/2' 

1 1/2' 

1 l / z O  
1 1/2 '  

1 1/2' 

1 1/2 '  

__- 

--- 

1 1 / 2 "  

1 1/2 '  

Measured 
DepthC 
m ( f t )  

1981 
(6520) 
2027 

(6649) 
2075 

(6809) 
2083 

(6868) 
2168 

(7114) 
2216 

(7269) 
2216 

(7269) 
2236 

2264 
(7427) 
2281 

(7482) 
2395 

(7856) 
2402 

( 7883 ) 
2409 

(7905) 
2420 

(7940) 
2454 

(8052 ) 
2457 

(8062 ) 
2486 

(8159) 
2490 

(8170) 
2519 

2562 
(8407) 
2562 

(8407) 
3011 

3011 
(9879) 

(7337) 

(a265 

(9879) 

Bore ho 1 e 
T r a j e c t o r y  

9 1/2'N,53'W 

14 3/4ON,54'W 

14 3/4'N,37'W 

14 1/2'N,20°W 

13'N,23'E 

10 1/2'N,43'E 

--- 

10 1/Z0N,43OE 

8 3/4'N,62 1/2'E 

7"N,47'E 

--_ 

15 3/4'N,51°E 

15'N,47'E 

16'N, 51'E 

16 1/4ON,59'E 

--- 

-- 

___ 

16 1/4'NY87"E 

17 1/2'N,84'E 

17 1/2'NY84'E 

25 1/ZoN,66OE 

25 1/2'N,66'E 

Remarks 

Problems w i t h  motor  

Angle b u i l d i n g  e x c e s s i v e l y  

Replace b i t  

P lugged b i t  on connect ion  (no f l o a t )  

Motor  q u i t ,  b i t  v e r y  worn, 2.5 m ( 1  i n . )  undergauge 

Motor  s t a l l e d  

B i t  p inched and motor  bent ,  h i t  ledge g o i n g  i n t o  h o l e  

B i t  worn 

B i t  worn 

B i t  worn, b i t  13 mn ( 1 / 2  i n . )  undergauge 

S t e e r i n g  t o o l  f a i l e d ,  t e s t  r u n  o f  t u r b i n e  

D u l l  b i t  

EYE q u i t ,  motor  and b i t  worn o u t  

Motor  q u i t  

B i t  l o c k e d  up 

Could n o t  o r i e n t  due t o  t o r q u e  

B i t  cones loose 

Motor  q u i t  

B i t  l o c k e d  up 

Tachometer n o t  o p e r a t i v e ,  motor  n o t  r o t a t i n g ,  s t r a i g h t  h o l e  t o o l  
w i t h  s t a b i l i z e r ,  t e s t  r u n  o f  t u r b i n e  
Could n o t  g e t  t o  bot tom, reamed 27 m ( g o i n . ) ,  s t r a i g h t  h o l e  t o o l  
w i t h  s t a b i l i z e r ,  t e s t  r u n  o f  t u r b i n e  
B i t  d u l l  

Motor w o u l d n ' t  r o t a t e ,  reached tempera ture  l i m i t  o f  POMs 



TABLE I11 (con t . )  

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

Run No. 

24 

25 

26 

27 

28 

29 

30 

3 1  

32 

33 

34 

35 

36/37 

38 

39 

40 

41  

42 

D r i l l  
Motora  

DDT7D 

DDT7D 

ME IT7 

ME IT7  

ME IT7  

ME IT7  

ME IT7  

ME IT7 

ME IT7 

ME IT7 

ME IT7 

ME IT7 

DDPDM 

DD P DM 

Do P DM 

DDPDM 

DDPDM 

DDPDM 

S t e e r i n g  
Tool 

Ser v i ceb 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

ss 
ss 
ss 
ss 
ss 

Bent  Sub 
Angle 

1 1/2 '  

1 1/2 '  

1 1 / 2 "  

1 1/2 '  

1 1 / 2 "  

1 1/2' 

2' 

2' 

2O 

2' 

1 1/2 '  

1 1 / 2 "  

f 

( 2 ° F  

f 

f 

f 

f 

Measured 
DepthC 
m ( f t )  

3053 

3053 

3083 

3085 

3094 

3110 

3150 

3163 

3175 

3189 

3197 

3209 

(10,017) 

(10,017) 

(10,116) 

(10,123) 

( 10,150) 

(10,204) 

(10,334) 

(10,378) 

(10,417) 

(10,463) 

(10,489) 

(10,528) 

2981 

9780) 
2836 
9304) 
2840 
9319) 
2842 
9323) 
2842 

(9323)  
2843 

(9329)  

D i  stance 
Bore ho 1 e D r i l l e d  
T r a j e c t o r y  m ( f t )  

24'N, 72" E 

24' N, 72"E 

27' N, 70"E 

27"N, 70"E 

27"N,67"E 

27 3/4ONY68'E 

27 1/4'N,5loE 

24 3/4"N,66'E 

24 3/4ON,66"E 

24 3/4"N,66"E 

24 3/4'N,66'E 

26 1/4'N,66'E 

Remarks 

Washout i n  d r i l l  s t r i n g  

T u r b i n e  would n o t  r o t a t e  

B i t  undergauge, b u i l d  ang le  a t t e m p t  

T u r b o d r i l l  q u i t ,  b u i l d  a n g l e  a t t e m p t  

B i t  l o c k e d  up, b u i l d  ang le  a t t e m p t  

B i t  undergauge, b u i l d  a n g l e  a t t e m p t  

Motor  q u i t ,  b u i l d  ang le  a t t e m p t  

Dropping angle, s t e e r i n g  t o o l  sea ted  170° f rom k e y  

E Y E  f a i l e d  

Motor q u i t ,  r a d i a l  b e a r i n g  f a i l e d ,  b u i l d  ang le  a t t e m p t  

B i t  l o c k e d  up, undergauge, 0.9 an ( 3 / 8 - i n . )  

Motor would n o t  r o t a t e ,  t i g h t  h o l e  

Motor  Runs For S i d e t r a c k i n g  At tempts 

( 26°N,720E)d 16.8 Time d r i l l i n g ,  f i r s t  two s i d e t r a c k i n g  
a t tempts  

( 5 5 )  
(22  1/2"N,72"E)d 1.2 Plugged BHA 

(22 1/2'N,7Z0E)d 4.6 Time d r i l l e d ,  motor  s t a l l e d  

(22 1/2"N,72"E)d 1.2 Time d r i l l i n g ,  diamond b i t  

(4 )  . 

(15) 

( 4 )  
(22 1/2°N,720E)d 0 

(0 )  
(22 1/2°N,720E)d 1.2 

Time d r i l l i n g ,  s i d e t r a c k i n g  a t tempt  

Time d r i l l i n g ,  s i d e t r a c k i n g  a t tempt ,  
d i  amond b i t  



TABLE I11 (con t . )  

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

Run No. 

43 

44 

45 

46 

47 

48  

49 

50151 

52 

53 

54 

55 

56 

S t e e r i n g  
D r i l l a  Tool 
Motor  S e r v i c e  

DDPDM ss 

DDPDM ss 
DDPDM EYE 

DDPDM EYE 

DDPDM 

DDPDM 

DDPDM 

ME I T7 

ME I T7 

MEIT7 

MEIT7 

MEIT7 

MEIT7 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

EYE 

57 MEIT5 EYE 

58 MEIT5 EYE 

59 ME I T 5  EYE 

60 MEIT5 EYE 

6 1  MELT5 EYE 

Mea su rFd  D i s t a n c e  
Bent Sub Depth Boreho le  I) r i 1 1 ed 

Angle m ( f t )  T r a j e c t o r y  m ( f t )  Remarks 

f 2846 ( 2 2  1/2°N,74"E)d 3.0 Time d r i l l i n g ,  s i d e t r a c k i n g  a t tempt ,  
l o s t  cone t i p s  
Time d r i l l i n g ,  s i d e t r a c k i n g  a t t e m p t ,  f 2860 (23  1/2°N,720E)d 13.0 

(9339)  ( 1 0 )  

(9382)  (43)  b i t  d u l l  
2870 ( 2 1  3/4°N,710E)d 8.5 Time d r i l l i n g ,  s i d e t r a c k i n g  a t t e m p t  

Time d r i l l i n g ,  l a s t  s i d e t r a c k i n g  a t t e m p t  
(9416)  (28) 

(9396) ( 8 6 )  

( 2 " I e  

f 2864 ( 2 1  3/4°N,710E)d 26.2 

1 1/20 

1 1/20 

2" 

1 1/2"  

1 1/20 

1 1/20 

2" 

1 1/20 

2" 

D i r e c t i o n a l  C o n t r o l  31.3 cm ( 1 2  114-in.) Hole 
[Whipstock Set  a t  2878 m (9444 f t ) ]  

2913 

2936 
(9631) 
2978 

(9771)  
3117 

(10,226) 
3123 

(10,245) 
3155 

(10,352) 
3189 

(10,462) 
3245 

(10,654) 
3289 

(10,791) 

(9559)  
24"N ,73"E 

24"N,75"E 

24 1/Z0N,78"E 

31  1/2"N,74"E 

31 1/2"N,72"E 

28" N ,67 "E 

30 3/4"N,57"E 

3Z0N,56"E 

34"N,55"E 

0.3 

21.9 
( 1 )  

29.6 
( 9 7 )  
18.3 

D i r e c t i o n a l  C o n t r o l  22.2 cm ( 8  314 in . )  Ho le  

Motor  f a i l e d  and p lugged b i t  

Turn h o l e  t o  e a s t ,  a v o i d  o l d  h o l e  

Turn h o l e  t o  e a s t ,  a v o i d  o l d  h o l e  

F l o a t  f a i l e d ,  p lugged two 
t u r b o d r i l l s  
Eye w i r e l i n e  f a i l e d  

P u l l e d  due t o  d rop  i n  i n c l i n a t i o n  

L i g h t  w e i g h t  on assembly, good r u n  

Good r u n  

Both  f l o a t s  f a i l e d  

h 

1 1/20 3643 

1 1/20 3695 

1 1/20 3714 

1 1/20 3752 

1 1/20 3950 

(11,951) 

(12,123) 

(12,186) 

(12,310) 

(12,961) 

35 1/4"N,53"E 7.6 D u l l  b i t  

36"N,53"E 7.3 D u l l  b i t  

35 1/2"N,59"E 19.2 P u l l e d  f o r  survey  

35"N,72"E 36.3 B i t  l o c k e d  up, good r u n  

36"N, 73"E 20.1 R a d i a l  b e a r i n g  cage t w i s t e d  

(25) 

( 2 3 )  

(63)  

(119)  

( 6 6 )  



P 
0 TABLE I 1 1  (con t . )  

D i r e c t i o n a l  S t e e r i n g  Measurfd D i s t a n c e  
D r i l l  Motor  D r i l l  Tool  Bent Sub Depth Boreho le  D r i l l e d  

Run No. Motora  S e r v i c e  Ang le  m ( f t )  T r a j e c t o r y  m (f t)  Remarks 

D i r e c t i o n a l  C o n t r o l  31.3 cm (12 1 /4 - in . )  Ho le  
LWhipstock Set a t  2878 m (9444 f t ) !  

1 1/20 3950 36"N,73"E 0 B i t  p inched  62 MEIT5 EYE 

Eye t o o l  f a i l e d  

Eye t o o l  f a i l e d ,  motor  p lugged w h i l e  
w a i t i n g  

(12,961 ( 0 )  
63 MEIT5 EYE 1 1/2O 3950 36"N,73"E 0 

(12,961) ( 0 )  
64 MEIT5 EYE 1 1/20 3950 36"N, 7 3"E D 

(13,365) ( 0 )  

aKey f o r  downhole mo t ion  t ypes :  
BPDM = Baker S e r v i c e  Tools.  
DDPDM = D y n a - D r i l l  (Smi th  I n t e r n a t i o n a l ) .  
NPDM = N a v i - D r i l l  ( C h r i s t e n s e n  O i l  Too ls ) .  
DDT7D = D y n a - D r i l l ,  7 i n .  d i r e c t i o n a l  t u r b i n e .  
DDT7S = D y n a - D r i l l ,  7 in.  s t r a i g h t - h o l e  t u r b i n e .  
MEIT7 = Maurer E x p l o r i n g  Inc., 7 i n .  t u r b i n e .  
MEIT5 = Mau;er E x p l o r i n g  Inc., 5 318 in .  t u r b i n e .  

bSS = S i n g l e - s h o t  o r i e n t a t i o n ;  EYE = S c i e n t i f i c  d r i l l i n g  c o n t e n t s  s t e e r i n g  t o o l .  
C dMeasured dep th  a t  end o f  run. 

e fRun w i t h  Dynr lex  U n i t .  

:Started runn ing  tandem f l o a t  va l ves .  

BHA o r i e n t e d  t o  d r i l l  o u t  ~ 4 0 "  eas t  o f  h i g h  s i d e  o f  bo reho le .  

Bent Housing Dyna D r i l l .  

Used h i g h  tempera tu re  f l o a t  s e a l s  f o r  remainder o f  runs .  



B i t  o r  Ho le  
Diameter  Motor  
cm ( i n . )  Type 

31.1 PDM 
(12-1/4)  

MEIT7 

MEIT7 

31.1 DDPDM 
(12-1/4)  

31.1 DDPDM 
(12-1/4)  (Bent  

Housing)  

TABLE I V  

TYPICAL DOWNHOLE MOTOR BHA USED I N  EE-3 

T y p i c a l  Assembly Remarks 

Motor ,  f l o a t  sub, bent  sub, Used a t  depths  l e s s  t h a n  3 km 
o r i e n t i n g  sub, 8 - i n .  Monel d r i l l  (10 000 f t )  l i m i t e d  t o  maximum 
c o l l a r ,  10 8- in .  d r i l l  c o l l a r s ,  tempera ture  o f  200°C (400°F). 
j a r s ,  17 j o i n t s  HWDP. 

T u r b o d r i l l ,  f l o a t  sub, bent  sub, H i g h  tempera ture ,  200°C (400°F). 
o r i e n t i n g  sub, 8 - in .  Monel d r i l l  Run No. 26-32 Tab le  111. 
c o l l a r ,  13 8- in .  d r i l l  c o l l a r s ,  
j a r s ,  17 j o i n t s  HWDP. 

T u r b o d r i l l ,  f l o a t  sub; bent  sub, 
o r i e n t i n g  sub, 2 6-3/4- in .  Monel 
d r i l l  c o l l a r s ,  3 6 -3 /4 - in .  d r i l l  p r i o r  t o  t w i s t - o f f .  
c o l l a r s ,  9 j o i n t s  HWDP. 

Motor ,  bent  sub, f l o a t  sub, Used d u r i n g  s i d e t r a c k i n g  a t t e m p t s  2840 m 
o r i e n t i n g  sub, 2 8 - in .  Monel 
c o l l a r s ,  5 8 - in .  c o l l a r s ,  j a r s ,  
12 j o i n t s  HWDP. 

Motor,a Dyna F l e x  o r  bent  sub, 
o r i e n t i n g  sub, 2 6-3/4- in .  Monel 
d r i l l  c o l l a r s ,  4 6-3/4- in .  d r i l l  
c o l l a r s ,  7 8 - i n .  d r i l l  c o l l a r s ,  j a r s ,  
12 j o i n t s  HWUP. 

T u r b o d r i l l ,  f l o a t  sub, bent  and Used f o r  e i g h t  d i r e c t i o n a l  c o r r e c t i o n s  
o r i e n t i n g  sub, 2 6-3/4- in .  Monel below h o l e  d i a m e t e r  r e d u c t i o n  p o i n t  a t  
c o l l a r s ,  5 6-3 /4- in .  d r i l l  c o l l a r s  3.29 km (10  800 f t )  
j a r s ,  27 j o i n t s  HWDP Run No. 57 - 64 Tab le  111. 

Used i n  v e r y  c rooked h o l e  be low 3.2 km 
(10 300 f t) ,  Run No. 33-35. Tab le  111, 

t o  2980 m (9800 t o  9300 f t ) .  

Used d u r i n g  s i d e t r a c k i n g  a t t e m p t s  2840 m 
t o  2980 m (9800 t o  9300 f t) .  

a E i g h t  runs  w i th  1-3/4"  bent  hous ing  DDPDM. 

ang le  because i t  i s  f a r  e a s i e r  o p e r a t i o n a l l y  t o  c o r r e c t  az imutha l  ang le  a t  l ow  

i n c l i n a t i o n .  The o b j e c t i v e  was t o  r e d i r e c t  t h e  w e l l b o r e  f rom t h e  no r thwes t  t o  

t h e  n o r t h e a s t  quadrant  w h i l e  h o l d i n g  t h e  i n c l i n a t i o n  ang le  low. 

As i n d i c a t e d  i n  Table 111, t h e  f i r s t  two d i r e c t i o n a l  downhole PDM runs  

were a t tempted w i t h o u t  a s t e e r i n g  t o o l .  The f i r s t  motor  r u n  (a Baker S e r v i c e  

Too ls  PDM, denoted BPDM) t o rqued  up and s t a l l e d  r e p e a t e d l y  and was p u l l e d .  

Magnet ic  s i n g l e - s h o t  surveys were ob ta ined  as each j o i n t  o f  d r i l l  p i p e  10 m 

41 



(30  f t )  was d r i l l e d  down. The second BPDM per formed b e t t e r ,  b u t  t h e r e  was d i f -  

f i c u l t y  exper ienced w i t h  excess i ve  b u i l d  r a t e  i n  i n c l i n a t i o n  ang le  and a SDL 

developed. (See s e c t i o n  on DRILLING PROBLEMS below).  The succeeding e i g h t  

d i  r e c t i o n a l - c o n t r o l  motor  runs  ach ieved c l o s e  t o  t h e  d e s i  red  az imuth,  N47"E , 
a t  a depth  o f  2281 m (7482 f t ) .  However, t h e  i n c l i n a t i o n  dropped t o  7". D i r e c -  

t i o n a l  runs  and r o t a r y  d r i l l i n g  con t inued  r e l a t i v e l y  r o u t i n e l y .  A t  a depth  o f  

3184 m (9715 f t )  t h e  t r a j e c t o r y  e lements were 27"N 68'E when a r o t a r y  b u i l d  

assembly was no ted  t o  be b u i l d i n g  t o o  f a s t  so t h e  l o a d  on t h e  b i t  was reduced 

and t h i s  r e s u l t e d  i n  a ve ry  sharp i n c l i n a t i o n  ang le  drop,  see F ig .  3, a t  t h e  

2988- t o  3013-m (9805- t o  9 8 3 6 - f t ) - d e p t h  i n t e r v a l .  The i n c l i n a t i o n  dropped 3" 

t o  23'. 

A t  3051 m (10 017 f t )  t h e  downhole motor  use was swi tched t o  t h e  19.7-cm 

(7-3 /4- in . ) -d iam ME1 t u r b o d r i l l s  (Run No. 26 i n  Tab le  111) and a b u i l d i n g  r u n  

was made. T h i s  r e s u l t e d  i n  a ve ry  sharp i n c r e a s e  i n  i n c l i n a t i o n  ang le  t o  27". 

A subsequent motor  r u n  a t  3150 m (10 334 f t )  was m i s o r i e n t e d ,  due t o  wear o f  
t h e  s t e e r i n g  t o o l  muleshoe and o r i e n t i n g  sub, by 170" and t h e  i n t e n d e d  

b u i l d i n g  r u n  a c t u a l l y  dropped i n c l i n a t i o n  again.  T i g h t - h o l e  c o n d i t i o n s  were 

subsequent ly  exper ienced d u r i n g  e f f o r t s  t o  b u i l d  ang le  and ream o u t  t h e  severe 

crooked h o l e  s e c t i o n  r e s u l t i n g  f rom t h e  o s c i l l a t i o n  i n  i n c l i n a t i o n  i n  t h e  

bo reho le  above. A t w i s t - o f f  o f  t h e  d r i l l  p i p e  occu r red  a t  a b i t  depth  o f  3175 

m (10 417 f t )  and as t h e  d i r e c t i o n a l  d r i l l i n g  a t tempts  cont inued,  t i g h t - h o l e  

c o n d i t i o n s  d i c t a t e d  t h e  replacement of t h e  20.3-cm (8 - in . )  d r i l l  c o l l a r s  w i t h  

17.1-cm (6-3 /4- in . )  d r i l l  c o l l a r s .  A s e r i o u s  t w i s t - o f f  occu r red  aga in  a t  3209 

m (10 528 f t )  w h i l e  reaming t h e  t i g h t  ho le .  D i r e c t i o n a l  d r i l l i n g  was sus- 

pended f o r  145 days f o r  f i s h i n g  and s i d e t r a c k i n g  (see DRILLING PROBLEMS 

s e c t  i on be l  ow). 

E leven PDM runs were conducted d u r i n g  t h e  s i d e t r a c k i n g  a t tempts ,  as shown 

on Tab le  I 1 1  (Runs 36 th rough  46) .  These were motor  runs  o r i e n t e d  w i t h  b o t h  

s i n g l e - s h o t  surveys and s t e e r i n g  t o o l s ,  g e n e r a l l y  i n tended  t o  d r i l l  o u t  o f  t h e  

h i g h  s i d e  o f  t h e  h o l e  and t o  t h e  eas t .  S ince  t i m e  d r i l l i n g  was des i red ,  and 

tempera tures  were below 200°C (4OO0F), PDMs were used. A l though two o f  t h e  

t i m e  d r i l l i n g  sequences produced some ev idence o f  g r a n i t e  ( b i o t i t e )  i n  t h e  

c u t t i n g s ,  a l l  s i d e t r a c k i n g  a t tempts  were unsuccess fu l .  

Immedia te ly  f o l l o w i n g  t h e  r o t a r y  d r i l l - o f f  f rom t h e  wh ips tock  [ (p laced  a t  

2879 m (9444 f t ) ]  t h r e e  PDM d i r e c t i o n a l  d r i l l i n g  runs were made, two success- 

f u l l y ,  t o  d i r e c t  t h e  h o l e  toward  t h e  eas t  and b u i l d  angle. These were c r u c i a l  @ 
42 



d i r e c t i o n a l  r u n s  because  t h e  o r i g  

G i n c r e a s i n g  i n c l i n a t i o n  ang le  i n  t h i s  

w a r d l y  beyond t h e  wh ips tock  l o c a t i o n .  

t o  b u i l d  t h e  i n c l i n a t i o n  by 7 "  and 

n a l  E E - 3  w e l l b o r e  t r a j e c t o r y  had  an 

r e g i o n  ( F i g .  4 )  and was t r e n d i n g  e a s t -  

Ro ta ry  b u i l d  assembl ies were t h e n  used 

h o l d  t h e  az imuth i n  t h e  N70"E t o  N80"E 

range u n t i l  a depth  o f  3116 m (10 226 f t )  was reached. A t  t h i s  depth  f i v e  ME1 

t u r b o d r i l l  d i r e c t i o n a l  runs ou t  o f  seven a t tempts  (Run Nos. 50-56 i n  Tab le  

111) succeeded i n  a c h i e v i n g  a t r a j e c t o r y  o r i e n t a t i o n  o f  34"N 55"E a t  a depth  

o f  3344 m (10 971 f t ) .  T h i s  was c l o s e  enough t o  an a l ignment  p a r a l l e l  t o  EE-2 

so t h a t  t h e  h o l e  d iameter  was reduced by d r i l l i n g  7 m (20  f t )  w i t h  a 22.5-cm 

(9-7 /8- in . ) -d iam b i t .  A s i n g l e - s h o t  survey  p o i n t  a t  3294 m (10 806 f t ) ,  i n  

t h e  m i d d l e  o f  t h i s  t r a n s i t i o n ,  read 34-3/4"N 54"E. The co r respond ing  p o i n t  

366 m (1200 f t )  TVD below on EE-2 had t r a j e c t o r y  e lements o f  3675 m (12 056 

f t )  TVD and survey elements o f  34"N 55"E. 

The p l a n  f o r  t h e  22.2-cm (8-3 /4- in . ) -d iam boreho le ,  t h e  r e s e r v o i r  s e c t i o n  

o f  t h e  d r i l l i n g  program, was t o  s t r a i g h t - h o l e  r o t a r y  d r i l l  w i t h  a ve ry  t i g h t l y  

packed BHA. Runs w i t h  these d r i l l i n g  assembl ies would be i n t e r r u p t e d  o n l y  i f  

t h e  az imuth  o r  i n c l i n a t i o n  v a r i e d  f rom p a r a l l e l i s m  w i t h  EE-2 by t h e  t o l e r a n c e s  

s t a t e d  i n  t h e  d r i l l i n g  p l a n  above. It was p r o j e c t e d  t h a t  t h e  r o t a r y  h o l d  BHA 

d r i l l i n g  would d r i f t  o r  walk i n  a manner s i m i l a r  t o  t h e  r o t a r y  d r i l l i n g  

response o f  t h e  rock  i n  w e l l  EE-2 a t  depths o f  370 m (1200 f t )  below. 

I n  p r a c t i c e  two sequences o f  d i r e c t i o n a l  t u r b o d r i l l  runs were success- 

f u l l y  accomplished, as shown by t h e  segments A and B on F ig .  2. I n  a l l ,  e i g h t  

d i r e c t i o n a l  c o r r e c t i o n s  were a t tempted as necessary when t h e  h o l d  assembl i e s  

d r i f t e d  o r  walked n o r t h  ( t o  t h e  l e f t )  t o o  f a r .  A t h i r d  a t tempt ,  t h e  l a s t  f o u r  

runs  i n  Tab le  111, a t  3951 m (12 961 f t )  o n l y  accompl ished a 20 m (66  f t )  r u n  

b u t  a l t e r e d  t h e  az imutha l  course o f  t h e  t r a j e c t o r y  by n e a r l y  7". From t h i s  

p o i n t  on t h e  r o t a r y  d r i l l i n g  was a l l owed  t o  c o n t i n u e  t o  d r i f t  and swung o f f  t o  

t h e  n o r t h ,  i n s t e a d  of d r i f t i n g  eas t  as EE-2 had done. T h i s  d e v i a t i o n  was o n l y  

about  24 m (80  f t )  beyond t h e  t o l e r a n c e  l i m i t  a t  t h e  TD o f  4247 m (13 933 f t )  

f o r  EE-3. 

B. Downhole-Motor Performance 
Tab le  V reco rds  t h e  performamce o f  t h e  downhole motor  assembl ies used. 

These BHA performance r e s u l t s  i n c l u d e  t h e  c o l l a r s ,  bent-sub,  motor ,  b i t ,  f l o a t  

va l ve ,  and s t e e r i n g  t o o l .  The behav io r  o f  such assembl ies i s  dependent on t h e  

p roper  f u n c t i o n  o f  a l l  components o f  t h e  d i r e c t i o n a l  system. The ma jo r  

reasons f o r  a d i r e c t i o n a l  run  a b o r t  ( i n  o r d e r  o f  f requency)  were when t h e  
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TABLE V 
n 

DOWNHOLE MOTOR DIRECTIONAL DRILLINC; ASSEMBLYa PERFORMANCE I N  EE-3 
(Exc l  u d i  ng S i d e t r a c k i n g  Opera t ions)  

T o t a l  No. 
Motor  o f  Runs 
Type At tempted 

M E I T  -Id 17 

- 

M E I T  5' 8 

N P O M ~  10 

B P D M ~  5 

O D P O M ~  gf 

No. o f  
Runs t h a t  

D r i l l e d  

b Average 
D i s t a n c e  per  RunC 

m ( f t )  

14  

5 

9 

8 

4 

13.2 (43.3) 

18.1 (59.3) 

19.0 (62.2) 

18.2 (59.6) 

30.0 (98.5) 

Averageb ROP Averageb D i a m  o f  
p e r  Run D u r a t i o n  o f  Motor  

m/h ( f t / h )  Run, h cm ( i n . )  

3.9 (12.7) 3.4 19.7(7-3/4 

8.6 (28.2) 2.1 13.7(5-3/8 

4.5 (14.8) 4.0 20.3( 8 )  

3.3 (10.8) 5.5 19.7( 7 -3 /4 )  

2.1 (7.0) 14.0 17.1(6-3/4)  

a The assembly per formance i n c l u d e s  b i t ,  motor ,  f l o a t  v a l v e ,  bent  and o r i e n t i n g  subs, and 

s t e e r i n g  t o o l .  

Based upon success fu l  runs;  i .e.,  those t h a t  d r i l l e d .  

p i p e  i n i t i a l l y  i n  t h e  d e r r i c k .  

High tempera ture  t u r b o d r i  11 s.  

NPDM = N a v i d r i l l  ( C h r i s t e n y n  Tool Co.); OOPDM = D y n a - D r i l l  (Smi th  I n t e r n a t i o n a l  I n c . ) ;  BPDM 

= Baker Motor  (Baker S e r v i c e  Too ls ,  Inc. ) .  

E x c l u d i n g  those used f o r  s i d e t r a c k i n g .  

' Note t h a t  most d i r e c t i o n a l  runs  were s e t  up w i t h  a 20 m ( 6 0  f t )  l e n g t h ,  2 j o i n t s ,  o f  d r i l l  

. .  

e 

o r i e n t i n g  o r  s t e e r i n g  t o o l  f a i l e d ,  b i t  d u l l e d ,  f l o a t  v a l v e  l eaked  ( p l u g g i n g  

mo to r ) ,  o r  t h e  motor  f a i l e d .  Another  mode o f  f a i l u r e  exper ienced was t h o s e  

occas ions  when t h e  motor  would n o t  s t a r t  when o r i e n t e d  p r o p e r l y .  I n  t h e  

d i r e c t i o n a l  d r i l l i n g  o f  EE-3 t h i s  was u s u a l l y  due t o  t o o  t i g h t  a ho le ,  caused 

by  a too -sha rp  d i r e c t i o n a l  change (SDL) o r  by  i n s u f f i c i e n t  reaming. T h i s  

problem was o f t e n  so l ved  by reaming t o  bo t tom w i t h  t h e  motor ,  o r  s t a r t i n g  t h e  

motor  d r i l l i n g  i n  a s e r i e s  o f  s h o r t  runs  ( a  b i t  l e n g t h  each) w i t h  success ive  

smal l  a z i m u t h - r o t a t i o n  inc rements  u n t i l  t h e  p roper  o r i e n t a t i o n  was e s t a b l i s h e d  

and t h e  motor  would then r o t a t e .  

It i s  no ted  i n  Tab le  V t h a t  t h e  t h r e e  PDM t o o l s  per formed about  e q u a l l y  

w e l l .  The BPDM ran  l o n g e r  and t h u s  ach ieved an average d i s t a n c e  d r i l l e d  of  

t h r e e  j o i n t s  o f  d r i l l  p ipe .  T h i s  motor  has t h e  lowest  rpm and h i g h e s t  t o r q u e  

c h a r a c t e r i s t i c s  o f  t h e  t h r e e  PDMs and t h e r e f o r e ,  p r o v i d e s  a more extended b i t  

l i f e .  T h i s  l o w e r  rpm p e r f o r m a n c e  a l s o  r e s u l t e d  i n  t h e  o b s e r v e d  l o w e r  

p e n e t r a t i o n  r a t e s  f o r  t h e  BPDM. Q 
44 



Two t ypes  of commercial a l l  metal  t u r b i n e  motors were t e s t e d  d u r i n g  t h e  

Two 17.8-cm (7 - in . ) -d iam D y n a - D r i l l  (Smi th  I n t e r -  

n a t i o n a l )  d i r e c t i o n a l  motor t e s t s ,  denoted as DDT7D i n  Tab le  111, Run Nos. 
11, 24, and 25 were conducted. These h igh - tempera tu re  D y n a - D r i l l  d i r e c t i o n a l  

t u r b o d r i l l s  were a l s o  cand ida tes  f o r  use f o r  d i r e c t i o n a l  c o r r e c t i o n s  i n  t h e  

h igh - tempera tu re  s e c t i o n  o f  EE-3. Also,  two s t r a i g h t - h o l e  (DDT7S, i n  Tab le  

11, Run Nos. 20 and 21) h igh - tempera tu re  D y n a - D r i l l  t u r b o d r i l l s  were r u n  w i t h  

l i m i t e d  success due t o  h o l e  c o n d i t i o n s .  The D y n a - D r i l l  t u r b i n e  runs were 

suppor ted by t h e  Sandia N a t i o n a l  L a b o r a t o r y  Geothermal D r i l l i n g  and Comple- 

t i o n s  R&D Program. It appears t h a t  t hese  motors have e x c e l l e n t  h i g h -  

tempera tu re  c a p a b i l i t i e s  and w i l l  f i n d  a p p l i c a t i o n  i n  geothermal w e l l  d i r e c -  

t i o n a l  d r i l l i n g  o p e r a t i o n s  where t h e i r  performance c h a r a c t e r i s t i c s  (e.g., 

t o r q u e  capabi 1 i t y  ) a r e  appl  i cab1 e. 

The two s i z e s  of h igh - tempera tu re  ME1 t u r b o d r i l l s  g e n e r a l l y  ope ra ted  v e r y  

s a t i s f a c t o r i l y .  The 19.7-cm (7 -3 /4 - in . ) -d iam t o o l s  were used i n  t h e  31.1-cm 

(12-1/4- in . ) -d iam hole.  I n  a l l ,  t h e r e  were 1 7  t o t a l  a t t e m p t s  and 14 d r i l l i n g  

runs were achieved. The t h r e e  t u r b o d r i l l  f a i l u r e s  were due t o  two cases of 

f l o a t  v a l v e  f a i l u r e s  t h a t  r e s u l t e d  i n  plugged b e a r i n g s  and one i n c i d e n t  where 

t h e  motor  was s t a l l e d  due t o  t i g h t - h o l e  c o n d i t i o n s  (Run No. 35, Tab le  111). 

T e r m i n a t i o n  of d i r e c t i o n a l  runs w i t h  these  motors was most o f t e n  due t o  t h e  

EYE s t e e r i n g  t o o l  m a l f u n c t i o n s ;  second i n  f requency was f a i l e d  f l o a t  v a l v e s ,  

and t h e  t h i r d  ranked cause was f rom worn ( u s u a l l y  locked-up b e a r i n g s  o r  

undergauge) b i t .  

The e i g h t  d i r e c t i o n a l  d r i l l i n g  a t tempts  w i t h  t h e  13.7-cm (5 -3 /8 - in . ) -d iam 

ME1 t u r b o d r i l l s  were a l l  conducted i n  t h e  22.2-cm (8-3/4- in . ) -d iam r e s e r v o i r  

s e c t i o n  o f  t h e  borehole.  These t o o l s  had been t e s t e d  i n  EE-2 and i n  t h e  

l a b o r a t o r y  w i t h  t h e  EE-3 d i r e c t i o n a l  o p e r a t i o n s  as a goal .  A l l  t h r e e  a b o r t e d  

runs,  t h e  l a s t  t h r e e  a t tempts  (Run Nos. 62-64 i n  Tab le  111),  were t e r m i n a t e d  

due t o  EYE s t e e r i n g  t o o l  f a i l u r e s .  Had these  l a s t  t h r e e  runs been successfu1, 

i t  i s  l i k e l y  t h a t  t h e  deepest p a r t  o f  t h e  EE-3 t r a j e c t o r y  c o u l d  have been 

d i r e c t e d  w i t h i n  t h e  l a t e r a l  t o l e r a n c e s  o r i g i n a l l y  planned. These two s m a l l e r  

d iamete r  t u r b o d r i l l  s performed v e r y  w e l l .  The o p e r a t i o n s  were s t a b l e  and 

r e l i a b l e  once t h e  d i r e c t i o n a l  d r i l l i n g  eng ineer  l e a r n e d  t h a t  a hi,gh l o a d  on 

b i t ,  89 000 t o  1 113 000 N (20 000 t o  25 000 l b f )  was r e q u i r e d .  Problems w i t h  

excess i ve  b i t  wear, b i t  1 i f t - o f f  , and tu rb ine -speed  run-away c o n d i t i o n s  exper-  

Q i e n c e d  i n  t h r e e  s h o r t  runs (Nos. 57-59 i n  Table 111) r e s u l t e d  f rom t h i s  

U E E - 3  d r i l l i n g  program. 
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problem o f  i n s u f f i c i e n t  b i t  we igh t .  The r e s u l t  was ex t reme ly  r a p i d  f l a t  wear 

on t h e  b i t  cones, F ig .  8, when t h e  t u r b o d r i l l  spun o f f  bottom. 

though t h e  b i t  was run  up a g a i n s t  a h igh-speed g r i n d i n g  wheel. The a n t i c i -  

pa ted  problems w i t h  i n a b i l i t y  t o  c o n t r o l  speed and keep a c o n s i s t e n t  b i t  l o a d  

were n o t  exper ienced.  Performance was mon i to red  by t h e  a t t a i n m e n t  of a s teady  

r a t e  o f  p e n e t r a t i o n  ( R O P ) ,  and g e n e r a l l y  i n d i c a t e d  r o t a t i o n a l  speeds o f  3 5 0  t o  

450 rpm as d e r i v e d  f rom r o t a r y  and t u r b o d r i l l  d r i l l i n g  t e s t s  i n  g r a n i t e  b l o c k s  

and - the t u r b o d r i  11 performance curves  devel oped i n  l a b o r a t o r y  t e s t s .  

C. Ro ta ry  D r i l l i n g  

Most of t h e  d r i l l i n g  o f  b o t h  E E - 2  and E E - 3  was per formed u s i n g  r o t a r y  

d r i l l i n g  methods w i t h  T C I  b u t t o n  b i t s .  B lade- type s t a b i l i z e r s  were i n i t i a l l y  

used i n  t h e  BHAs t o  keep t h e  h o l e  s t r a i g h t .  Because these  wore r a p i d l y  i n  t h e  

g r a n i t i c  f o rma t ions ,  t hey  were rep laced  by s i x - p o i n t  and t h r e e - p o i n t  r o l l e r  

s t a b i  1 i z e r s  w i t h  rep1 aceabl e r o t a t i n g  r o l l  e rs .  Smooth-faced r o l l  e r s  were used 

when w a l l  c o n t a c t  was r e q u i  red  f o r  s t a b i  1 i z a t i o n  , and knobby r o l l  e r - c u t t e r s  
w i t h  T C I  were used f o r  reaming.6,7 A n e a r - b i t  reamer was i n c l u d e d  i n  a l l  

r o t a r y  BHAs. The n e a r - b i t  reamer i s  r e q u i r e d  t o  p reven t  t o o  r a p i d  decrease i n  

h o l e  d iameter  as t h e  b i t  gauge wears. Standard " f u l c r u m "  t y p e  l i f t i n g  o r  

b u i l d  assembl ies were used f o r  i n c r e a s i n g  t h e  i n c l i n a t i o n  o f  t h e  bo reho le  

d u r i n g  r o t a r y  d r i l l  i n g .  However, t h e  bo reho le  t r a j e c t o r y  u s u a l l y  walked o r  

d r i f t e d  t o  t h e  l e f t  o r  r i g h t  a t  u n p r e d i c t a b l e  r a t e s  when u s i n g  r o t a r y  d r i l l i n g  

f o r  b u i l d i n g  ang le  w i t h  these assembl ies.  The walk tendenc ies  o f  E E - 3  d i f -  

f e r e d  f rom those  exper ienced i n  E E - 2 .  

Severa l  d i f f e r e n t  t ypes  o f  r o t a r y  BHAs can be used t o  b u i l d ,  drop,  o r  

h o l d  i n c l i n a t i o n  angle.  Fo r  E E - 3 ,  o n l y  b u i l d  and h o l d  assembl ies were used, 

and F i g u r e  9 shows s i m p l i f i e d  schematic sketches o f  t y p i c a l  BHAs and t h e i r  

f u n c t i o n s .  Tab le  V I  r eco rds  some o f  t h e  p r i n c i p l e  assembl ies used f o r  t h e  

r o t a r y  d r i l l i n g  o f  E E - 3 .  

D r i l l i n g  o f  t h e  66.0-cm (26- in . ) -d iam h o l e  was s t a r t e d  w i t h  an u n s t a b i l -  

i z e d  BHA ( e n t r y  1, i n  Tab le  V I ) ;  however, t h e  assembly tended t o  b u i l d  ang le  

r a p i d l y .  A h o l d  assembly (No. 2 i n  Tab le  V I ) ,  was s u b s t i t u t e d .  That  BHA used 

n o n r o t a t i n g  s t a b i l i z e r s .  T h i s  h o l d  assembly worked w e l l  and i n c l i n a t i o n  

b u i l d u p  was h e l d  t o  l e s s  than  2O. The n o n r o t a t i n g  s t a b i l i z e r  used was a 

four -b laded,  f u l  l -gauge rubber  s leeve  t o o l  t h a t  r o t a t e s  f r e e l y  on a m a n d r i l .  

The d r i l l  s t r i n g  r o t a t e s ,  b u t  t h e  s leeve  does no t .  T h i s  kep t  t h e  s t a b i l i z e r  

It was as@ 
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v i e w s  o f  8 - 3 / 4 - i n ,  
t o o - l ’ i g h t  b i t  l o a d  



2 1 1 2 - 5 m  u 10 m v 
(8'-15') a (30'1 

HOLD ASSEMBLY FOR MODERATE DEVIATION 

p 2 1 1 2 - 5 m  u 10 m v 
(8 ' -  15') a 130') a 

HOLD ASSEMBLY FOR SEVERE DEVIATION 

1 0 - 3 0 m  v 10 m u 
(30'- 90') (30') n 

BUILD ASSEMBLY TO BE FOLLOWED BY HOLD ASSEMBLY 

1 0 - 3 0 m  u 
(30' - 90') a 

MILD BUILD ASSEMBLY 

STRONG BUILD ASSEMBLY 

112 - 1 m 

r>x 10 - 301n c7 
130' - 90') 

(2' - 3') STRONG BUILD ASSEMBLY WITH EXTENTION SUB 

SYMBOL KEY 

D = BIT X = POINT OF STABILIZATION ( Roller, Reamer, or Stabilizer) 

F ig .  9. 
T y p i c a l  BHAs used i n  EE-3 .  

from d i g g i n g  i n t o  t h e  bo reho le  w a l l  o f  t h e  s o f t  v o l c a n i c  and sed imentary  f o r  

ma t ions  (F ig .  6 )  i n  t h i s  s e c t i o n  o f  t h e  ho le .  

The 44.5-cm (17-1/2- in . ) -d iam h o l e  was f u l l y  s t a b i l i z e d .  Because most o f  

t h i s  s e c t i o n  o f  t h e  h o l e  (see F ig .  7 )  was d r i l l e d  w i t h o u t  f l u i d  r e t u r n s ,  h i g h  

b i t  l oads  were needed t o  i n c r e a s e  p e n e t r a t i o n  r a t e  t o  m in im ize  d r i l l i n g  t i m e  

r e q u i r e d  and t h e  q u a n t i t y  o f  wa te r  used. U n f o r t u n a t e l y ,  i nc reased  b i t  f o r c e  

may tend  t o  cause h o l e  d e v i a t i o n  a t  a f a s t e r  r a t e .  However, t h e  h o l d  assembly 

used (No. 3 i n  Tab le  V I ) ,  per formed w e l l .  The h o l e  i n c l i n a t i o n  was k e p t  

w i t h i n  t h e  d e s i r e d  l i m i t s  ( < l o ) .  A n e a r - b i t  t h r e e - p o i n t  reamer was used 

i n s t e a d  o f  a n o n r o t a t i n g  s t a b i l i z e r  t o  keep t h e  h o l e  in-gauge w h i l e  d r i l l i n g  

t h e  ha rde r  l imes tones  and g r a n i t e  i n  t h e  l ower  s e c t i o n  o f  t h e  17 l /Z - in . -d iam 

h o l  e. 

The b lade - t ype  s t a b i l i z e r s  used i n  t h e  66.0-cm (26- in . ) -d iam and 44.5-cm 

(17-1 /2- i  n. ) h o l  es, were rep1 aced by  r o l l  e r  reamers o r  r o l l  e r  s t a b i  1 i zers  i n 
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Number Ho le  S i z e  

1 26 i n .  

2 26 i n .  

3 17-1/2 i n .  

4 12-1/4 i n .  

5 12-1/4 i n .  

6 12-1/4 in. 

7 12-1/4 i n .  

8 12-1/4 i n .  

9 8-3/4 i n .  

TABLE V I  

T Y P I C A L  BHA USED TO ROTARY D R I L L  E E - 3  

T y p i c a l  BHA Type Remarks 

B i t  X-0, 9- in .  DC, Shock Sub, Monel DC, D r i l l i n g  A s o f t - f o r m a t i o n  assembly t h a t  can be 
5 9 - in .  DC's, 14 8- in .  DC's, J a r s ,  X-0, 
5 6-3/4- in.  DC's. 

B i t  X-0, X - B ,  S t a b i l i z e r , a  Shock SHb, 
S t a b i l i z e r ,  Monel DC, S t a b i l i z e r ,  angle.  
6 9 in .  DC's, 14 8 i n .  DC's, J a r s ,  X-0, 
6 6-3/4 in .  DC's. 

B i t ,  X-0, Three- o i n t  Reamer, X-0, Shoc i  Ho ld  Used t o  h o l d  ang le .  Th ree -po in t  reamer 
Sub, S t a b i l i z e r , {  Monel DC, S t a b i l i z e r ,  
6 9 in .  DC's, 14 8 i n .  DC's, J a r s ,  X-0, 
6 6-3/4 i n .  DC's. 

B i t  , S i  x-Poi  n t  Reamer, Three-Poi  n t  Reamer, Ho ld  
X-0, Shock Sub, Three-Po in t  Reamer, Monel 12-1/4 i n .  h o l e  s t r a i g h t .  
DC, Three-Po in t  Reamer, 14 8 i n .  OC's, X-0, 
10 6-3/4 in. DC's, 20 J o i n t s  HWDP. 

B i t  , Th'ree-Poi n t  Reamer, Shor t  D r i  11 Col 1 a r ,  
Three-Po in t  Reamer, Monel DC, Three-Po in t  

used where d e v i a t i o n  i s  n o t  a problem. 

Ho ld  A s o f t - f o r m a t i o n  assemmbly used t o  h o l d  

i s  used f o r  gauge p r o t e c t i o n .  

Used t o  keep t h e  upper  p o r t i o n  o f  t h e  

Ream Assembly was used t o  ream a f t e r  

B i t ,  Three-Point  Reamer, X-0, Shock Sub Bu i  1 d Used t o  b u i l d  angle.  B u i l t  t o o  f a s t .  
X-0, 6-3/4 i n .  Monel, 1 6-3/4 i n .  DC, X-0 
Three-Po in t  Reamer, 1 8 i n .  DC, Three P o i n t  
Reamer, 11 8 in .  DC's, J a r s ,  X-0, 17 J o i n t s  
HWDP. 

B i t ,  S i x - P o i n t  Reamer, F l o a t  Sub, Shock 
Sub, Monel, DC, 9 8 i n .  DC's, X-0, Ja rs ,  
X-0, 12 J o i n t s  HWDP. 

B i t ,  F l o a t  Sub, DCs, Three-Po in t  Reamer, 
Shock Sub, 2 8 i n .  Monel, 7 8 i n .  DC's, 
X-0, J a r s ,  X-0, 15 J o i n t s ,  HWDP. 

B i t ,  S i x - P o i n t  Reamer, X-0, Shor t  D r i l l  
C o l l a r  , Three-Point  Reamer, Monel , 
Three-Po in t  Reamer, Monel, X-0, 
11 6-3/4 i n .  DC's, J a r s ,  X-0, 15 J o i n t s  
HWDP. 

Bu i  1 d S i x - p o i n t  reamer was used t o  keep t h e  
assembly f rom b u i l d i n g  t o o  f a s t .  A l s o  
used f o r  reaming t u r b o d r i l l  r uns  s i n c e  
t h e  h o l e  d r a g  i s  h iqh .  Th ree -po in t  
reamer had been s u b s t i t u t e d  a t  t i m e s  
t o  b u i l d  ang le  f a s t e r .  

B u i l d  The f l o a t  sub between t h e  b i t  and 
t h r e e - p o i n t  reamer i s  used t o  i n c r e a s e  
t h e  s i d e  f o r c e  o f  t h e  b i t  and t h u s  b u i l d  
ang le  f a s t e r .  

Ho ld  A h o l d i n g  assembly used t o  d r i l l  t h e  
8 -3 /4 - in .  ho le .  
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Remarks Number Ho le  S i z e  T y p i c a l  BHA Type 

10 8-3/4 i n .  B i t ,  Three-Po in t  Reamer, F l o a t  Sub, Hold M i l d  h o l d i n g  assembly. The t h r e e - p o i n t  
X-0, Monel , Three-Poi n t  Reamer, X-0, 
5 6-3/4 i n .  DC's, J a r s ,  X-0, 37 J o i n t s  reamer t o  reduce h o l e  d rag .  A 30 f t  
HWDP. monel was used between t h e  f i r s t  two 

reamer was s u b s t i t u t e d  f o r  t h e  s i x - p o i n t  

s t a b i l i z e r s  t o  o b t a i n  surveys  c l o s e r  t o  
bottom, even though i t  makes t h e  
assembly more f l e x i b l e .  

11 8-3/4 i n .  B i t ,  Three-Po in t  Reamer, Shor t  D r i l l  Hold Th ree -po in t  reamer used t o  reduce h o l e  
C o l l a r ,  Th ree -Po in t  Reamer, Monel, drag. 
Three-Po in t  Reamer, X-0, 5 6-3/4 i n .  
DC's, Ja rs ,  X-0, 37 J o i n t s  HWDP. 

Nominal Length  o f  BHA Components 

D r i l l  C o l l a r  (DC) 30.5 f t  Shor t  D r i l l  C o l l a r  
Monel D r i l l  C o l l a r  30.0 f t  Shock Sub 
Hevi-Wate D r i l l  P ipe  30.5 f t  F1 o a t  Sub 
S i x - P o i n t  Reamer 8.0 f t  Cross Over (X-0) 
Three-Po in t  Reamer 5.0 f t  D r i l l i n g  Jars  

'Blade s t a b i  1 i zer .  
b N o n r o t a t i n g  b lade  ( r u b b e r )  s t a b i l i z e r .  

10.0 f t  
10.0 f t  
2.0 f t  
1.5 f t  

32.0 f t  



t h e  31.1-cm (12-1 /4- in . ) -d iam ho le .  T h i s  was necessary because t h e  rubber  

stabilizers wear much t o o  q u i c k l y  on g r a n i t e  and w i l l  n o t  t a k e  h i g h  tempera- 

t u r e s .  R o t a t i n g  meta l  -b lade  s t a b i  1 i zers  a1 so wear e x c e s s i v e l y  and cause t o o  

much h o l e  d rag  and h i g h  t o r q u e  a t  t h e  r o t a r y  t a b l e .  So r o l l e r  reamers were 

used f o r  s t a b i l i z a t i o n .  The r o t a t i n g  c u t t e r s  a c t  as b e a r i n g s  between t h e  BHA 

and bo reho le  w a l l .  They do n o t  have enough w a l l  c o n t a c t  t o  be used as 

s t a b i l i z e r s  i n  s o f t e r  f o rma t ions ;  b u t  i n  g r a n i t e ,  t h e  reamers p e r f o r m  s a t i s -  

f a c t o r i  1 y . 
The 31.0-cm (12-1 /4- in . )  h o l e  was d r i l l e d  from 783 m (2567 f t )  t o  1964 m 

(6444 f t )  u s i n g  a h o l d  assembly. Th is  was in tended  t o  be t h e  s t r a i g h t  s e c t i o n  

of t h e  h o l e  i n  t h e  c r y s t a l l i n e  rock.  The p r i n c i p a l  assembly used t o  d r i l l  

t h i s  s e c t i o n  o f  t h e  h o l e  i s  en te red  as No. 4 i n  Tab le  V I .  The upper s e c t i o n  o f  

t h i s  h o l e  d r i l l e d  r e l a t i v e l y  s t r a i g h t ,  b u t  t h e  l ower  s e c t i o n  was s l i g h t l y  

i n c l i n e d  due t o  f o r m a t i o n  e f f e c t s .  B i t  l o a d  had t o  be reduced t o  keep f rom 
b u i l d i n g  ang le  t o o  q u i c k l y  even though a t i g h t l y  packed h o l d  assembly was run.  

The i n c l i n a t i o n  had b u i l t  t o  10" a t  6444 ft. T h i s  dep th  was t h e  KOP f o r  EE-3 

- t h e  p o i n t  a t  which t h e  d i r e c t i o n a l  d r i l l i n g  s t a r t e d .  

A t  t h e  KOP,  downhole motors were r u n  t o  change t h e  az imutha l  d i r e c t i o n  o f  

t h e  w e l l  f rom nor thwest  t o  no r theas t .  A s e c t i o n  o f  h o l e  d r i l l e d  w i t h  h i g h -  

speed downhole motors  has t o  be reamed because t h e  T C I  b i t s  used on downhole 

motors wear and l o s e  gauge ve ry  r a p i d l y .  A reaming assembly s i m i l a r  t o  No. 5 

i n  Tab le  V I  i s  r u n  t o  b r i n g  t h e  h o l e  back i n t o  gauge. Note t h a t  t h i s  assembly 

i s  a l s o  a s t i f f  packed o r  h o l d  assembly. A h o l d  assembly i s  t h e  s t i f f e s t  

assembly t h a t  w i l l  be run  i n  t h e  ho le ;  t h e r e f o r e ,  any o t h e r  assembly can 
f o l l o w  i t .  I f  t h e  h o l e  had been reamed ou t  w i t h  a l e s s - r i g i d  assembly, a 

subsequent m o r e - r i g i d  h o l d  assembly would have t o  be reamed t o  bo t tom shou ld  

i t  become necessary t o  run  one i n  t h e  f o l l o w i n g  r o t a r y  d r i l l i n g  sequence. 

A t  2280 m (7482 f t )  t h e  az imuth  d i r e c t i o n  o f  EE-3 had been changed t o  

p a r a l l e l  t h e  t r a j e c t o r y  of EE-2, a b u i l d  assembly (No. 6 i n  Tab le  V I )  was r u n  

t o  b u i l d  ang le  a t  1" - 1-1/2" pe r  30 m (100 f t ) ;  however, t h i s  assembly b u i l t  

a n g l e  t o o  fas t .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  same assembly b u i l t  ang le  

a t  a maximum o f  1-1/2"/100 ft i n  EE-2, b u t  i ' n  EE-3, t h e  assembly b u i l t  a n g l e  

a t  2-1/2"/100 f t .  The 17.1-cm (6-3 /4- in . )  d r i l l  c o l l a r s  i n  t h i s  b u i l d  assembly 

were r u n  i n  p l a c e  o f  t h e  20.3-cm ( 8 - i n . )  d r i l l  c o l l a r s  so t h a t  t h e  assembly 

would b u i l d  ang le  f a s t e r .  T h i s  i s  because t h e  17.1-cm (6-3 /4- in . )  c o l l a r s  a r e  
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more f l e x i b l e  than  t h e  20.3-cm (8 - in . )  c o l l a r s  and bend more s h a r p l y  a t  corn- 

Three reamers were run  i n  t h i s  assembly even though one o r  two reamers 

can be used t o  b u i l d  ang le  e f f e c t i v e l y .  The purpose o f  t h e  second and t h i r d  

reamer i s  t o  make t h e  assembly s t i f f e r  w i t h o u t  a f f e c t i n g  t h e  a b i l i t y  t o  b u i l d  

angle.  A lso,  t h e  t h i r d  reamer reduced t h e  amount o f  reaming r e q u i r e d  by t h e  

subsequent h o l d  assembly t o  be run  t o  bottom. 

A t  t h e  depth  o f  2390 m (7840 f t )  more d i r e c t i o n  change was r e q u i r e d  and 

downhole motors were aga in  used t o  change t h e  d i r e c t i o n  f rom N46"E t o  N88"E a t  

2562 m (8407 f t ) .  I n  o r d e r  t o  be 370 m (1200 f t )  v e r t i c a l l y  above EE-2 a t  an 

i n c l i n a t i o n  o f  35" and a t  a measured depth  o f  app rox ima te l y  3170 m (10  400 

f t ) ,  a h o l d  assembly was consequent ly  run. I f  ang le  b u i l d i n g  had cont inued,  

EE-3 would have been more than  1200 f t  above EE-2 when 35" i n c l i n a t i o n  had 

been reached. The h o l d  assembly worked w e l l  as t h e  i n c l i n a t i o n  d i d  n o t  

change. The p rev ious  b u i l d i n g  assembly was then  run  and, aga in ,  b u i l t  ang le  
t o o  f a s t .  There fore ,  another  assembly was r u n  w i t h  t h e  d i s t a n c e  between t h e  

reamers shor tened f rom 30 m (90 f t )  t o  20 m (60 f t ) .  T h i s  assembly s t i l l  

b u i l t  r a p i d l y ,  so t h e  l o a d  on b i t  was reduced t o  c o n t r o l  t h e  r a t e  o f  b u i l d  

(see F ig .  3 ) .  The r a t e  o f  b u i l d  slowed, b u t  t h e  i n c l i n a t i o n  began t o  d rop  a t  

t h e  end o f  t h e  b i t  run ,  p robab ly  due t o  f o r m a t i o n  e f f e c t s .  The n e x t  b i t  r u n  

con t inued  t o  d rop  ang le  so a t u r b o d r i l l  had t o  be used a t  a depth  o f  3011 m 

(9879 f t )  t o  r e d i r e c t  t h e  h o l e  back upwards. F i s h i n g  and s i d e t r a c k i n g  opera-  

t i o n s  were necessary s h o r t l y  t h e r e a f t e r .  

A f t e r  EE-3 was s u c c e s s f u l l y  s ide t racked ,  a l t e r n a t i n g  b u i l d  assembl ies and 

motor  runs were made. E n t r y  7 i n  Tab le  V I  shows one o f  t h e  t y p i c a l  assembl ies  

run.  A s i x - p o i n t  reamer was used t o  keep f rom b u i l d i n g  ang le  t o o  f a s t .  A1 so, 

i t  i s  no ted  t h a t  o n l y  one reamer was run. A t  t h i s  p o i n t ,  i t  was assumed t h a t  

a h o l d  assembly would no l o n g e r  be necessary i n  t h e  31.1-cm (12-1 /4- in . )  ho le .  

The p r e v i o u s  assembly would n o t  b u i l d  ang le  f a s t  enough below 3109 m (10 200 

f t); t h e r e f o r e ,  a t h r e e - p o i n t  reamer w i t h  an e x t e n s i o n  sub between b i t  and 

bo t tom reamer was s u b s t i t u t e d  f o r  t h e  s i x - p o i n t  reamer. T h i s  assembly shou ld  
have b u i l t  ang le  f a s t e r ,  b u t  i t  b u i l t  ang le  a t  a maximum o f  1-1/2"/100 ft. It 

i s  i n t e r e s t i n g  t o  no te  t h a t  t h i s  per formance corresponds t o  t h a t  o f  EE-2 a t  

s i m i l a r  depths. T h i s  sequence o f  r o t a r y  runs  shows t h e  u n p r e d i c t a b l e  t h e n  

" p r e d i c t a b l e "  r o l e  t h a t  t h e  f o r m a t i o n  e f f e c t s  can p l a y  i n  d i r e c t i o n a l  d r i l l i n g .  

p a r a b l e  b i t  loads.  @ 
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Through a sequence o f  t u r b o d r i l l  runs  and use o f  b u i l d i n g  assembl ies 

O s i m i l a r  t o  t h e  one mentioned above, an i n c l i n a t i o n  o f  34-1/2" and az imuth  o f  

N54"E were ob ta ined ,  a lmost  e x a c t l y  as planned. 

The 22.2-cm (8-3 /4- in . )  h o l e  was t o  be d r i l l e d  as a s t r a i g h t  h o l e  

i n c l i n e d  a t  34-1/2". The re fo re ,  h o l d  assembl ies were r u n  th roughou t  t h e  

l e n g t h  o f  t h e  22.2-cm (8-3 /4- in . )  ho le ,  w i t h  one excep t ion .  That  e x c e p t i o n  

was one run  w i t h  a b u i l d  assembly. T u r b o d r i l l  az imuth  c o r r e c t i o n s  were 

a t tempted t h r e e  t imes  i n  t h e  22.2-cm (8-3 /4- in . )  ho le ,  w i t h  two success fu l  
az imuth  changes achieved. 

I n i t i a l l y  t h e  packed-hole h o l d  assembl ies used were those  d e p i c t e d  as No. 

9 i n  Tab le  V I .  The assembly d i d  ho ld ,  b u t  i n c l i n a t i o n  tended t o  d rop  a n g l e  

s l i g h t l y ,  a t  a r a t e  l e s s  than  1/2"/100 f t .  A b u i l d i n g  assembly was t h e n  

s u c c e s s f u l l y  used t o  r e b u i l d  angle.  The assembly b u i l t  3-1/2" i n  200 ft. 

Assembly 10 i n  Tab le  V I  has 10 m (30 f t )  between t h e  f i r s t  and second reamers, 

which makes i t  a b u i l d  assembly a t  h i g h  b i t  l oads ;  however, t h e  assembly was 

r u n  p r i m a r i l y  t o  ream motor  runs, and t h e r e f o r e  d i d  n o t  d r i l l  v e r y  f a r .  The 

purpose of t h i s  assembly was t o  o b t a i n  s i n g l e  shot  surveys c l o s e r  t o  bottom. 

I n  t h i s  assembly, t h e  Monel d r i l l  c o l l a r  was p laced  j u s t  above t h e  bo t tom 

t h r e e - p o i n t  n e a r - b i t  reamer, which l o c a t e s  t h e  survey approx ima te l y  7 m (20 
f t )  deeper than  f o r  a more conven t iona l  h o l d  assembly. 

The remainder  o f  t h e  h o l e  was d r i l l e d  w i t h  assembly No. 11 i n  Tab le  V I .  

I n  t h i s  assembly t h e  s i x - p o i n t  reamer was rep laced  w i t h  a t h r e e - p o i n t  reamer 

t o  reduce h o l e  drag. The assembly d r i l l e d  a t  a r e l a t i v e l y  c o n s t a n t  i n c l i n a -  

t i o n  angle.  The ang le  f l u c t u a t e d  between 35" and 36", wh ich  i s  about  as 

expected. The h o l d  assembl ies used f o r  t h e  22.2-cm (8-3/4-m) EE-2 a l s o  

f l u c t u a t e d  s l i g h t l y ,  w i t h  a b o u t  a 1" a m p l i t u d e ,  s o  b o t h  w e l l s  d r i l l e d  

s i m i l a r l y  i n  t h a t  respec t .  

Fo r  t h e  most p a r t ,  t h e  r o t a r y  assembl ies run  i n  EE-3 d i d  what t h e y  were 

des igned t o  do, b u t  t h e  r a t e  a t  which t h e y  changed i n c l i n a t i o n  ang le  was 

n e i t h e r  p r e d i c t a b l e  no r  easy t o  c o n t r o l .  

I V .  DRILLING FLUIDS PROGRAM 

A. V o l c a n i c s  and Sediments 

The d r i l l  i n g - f l  u id -sys tem a d d i t i v e s  used f o r  EE-3 were d i r e c t  ex tens ions  

o f  t h o s e  p r e v i o u s l y  used  f o r  w e l l s  GT-2, E E - 1 ,  and  EE-2 a t  F e n t o n  
H i l l .  2 y 8 y 1 2 - 1 5  The upper v o l c a n i c  and sedimentary rocks  were d r i l l e d  u s i n g  a 
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ben ton i te -based  d r i l l i n g  f l u i d .  Due t o  t h e  l a r g e ,  66.0-cm (26 - in . )  and 
44.5-cm (17-1 /2- in . )  h o l e  s i z e s ,  an i n v e r t e d - r h e o l o g y  f l u i d  was s e l e c t e d  t o  

assure  adequate h o l e  c lean ing .  Th is  p r o p e r t y  was p rov ided  by add ing  a 

po l ymer i c  f l o c c u l a n t .  S o l i d s  c o n t r o l  d e - s i l t e r s  were used t o  remove c u t t i n g s  

and p reven t  mud we igh t  b u i l d  up t h a t  c o u l d  f r a c t u r e  t h e  fo rma t ions .  No 
tempera ture  problems w i t h  a d d i t i v e s  were exper ienced,  o r  expected, s i n c e  t h e  

maximum tempera ture  o f  100°C (200°F) i s  exper ienced a t  t h e  c o n t a c t  w i t h  t h e  

g r a n i t e  a t  about 800 m (2400 f t ) .  

L o s t  c i r c u l a t i o n  was aga in  t h e  major  problem assoc ia ted  w i t h  t h e  upper 

v o l c a n i c  and sedimentary fo rma t ions .  S1 i g h t  l o s s e s  o f  r e t u r n s  t h a t  occu r red  

i n  f r a c t u r e d  p o r t i o n s  of t h e  v o l c a n i c  t u f f  [ s u r f a c e  t o  137 m (450 f t ) !  were 

q u i c k l y  and e a s i l y  p lugged w i t h  conven t iona l  f i b r o u s  b r i d g i n g  agents such as 

co t tonseed h u l l s ,  cedar  f i b e r ,  and aspen f i b e r .  I n  sharp c o n t r a s t ,  v e r y  

severe l o s s  occu r red  i n  t h e  cavernous- l imestone p o r t i o n  o f  t h e  Pennsylvanian,  

Sandia, and Madera Format ions.  T h i s  l o s s  o f  r e t u r n s  r e s u l t e d  i n  a d r a s t i c  

l o s s  of h y d r o s t a t i c  head ( f l u i d  leve l  274-518 m (900-1700 f t ) ]  leaving no 

f l u i d  i n  c o n t a c t  w i t h  p o r t i o n s  o f  t h e  u n s t a b l e  Abo Format ion.  As a d i r e c t  

r e s u l t  o f  t h i s  s i t u a t i o n  were problems o f  s tuck  p ipe ,  r e p e t i t i v e  reaming o f  

s e c t i o n s  of t h e  boreho le ,  and a poor c a s i n g  cement j o b  f o r  t h e  i n t e r m e d i a t e  

c a s i n g  s t r i n g  C34.0-cm (13-3 /8- in . )?  f o r  EE-2. 

Loss of c i r c u l a t i o n  i n  t h e  Abo Format ion  was min imal .  I n  e a r l i e r  w e l l s  

d r i l l e d  a t  Fenton H i l l  (GT-2 and EE-1) a lmost  no l o s s  occur red ,  b u t  t h e  two 

l a t e r  w e l l s  (EE-2 and EE-3) d i d  exper ience s l i g h t  l o s s e s  (175 and 200 b b l s )  

i n t o  t h i s  f o r m a t i o n  a t  316 m (1037 f t )  and 165 m (540 f t ) .  Both  zones were 

q u i c k l y  sea led  o f f  w i t h  f i b r o u s  b r i d g i n g  agents. Lenses o f  r e d  c l a y  w i t h i n  

t h e  Abo Format ion  caused a c o n s i d e r a b l e  i n c r e a s e  i n  v i s c o s i t y  o f  t h e  d r i l l i n g  

f l u i d  ( u s u a l l y  a 40- t o  60-s r i s e  i n  funne l  v i s c o s i t y )  when hydrated.  The 

method used t o  c o n t r o l  v i s c o s i t y  and mud we igh t  was s imp le  d i l u t i o n  S ince  

adequate water  and rese rve -p i  t space was ava i  1 ab1 e. 

By f a r  t h e  most t roub lesome and severe l o s s  o f  d r i l l i n g  f l u i d s  occu r red  

i n  t h e  cavernous- l imestone p o r t i o n s  of t h e  Madera and Sandia Format ions (F ig .  

6 ) .  Voids encountered i n  t h e  cavernous Sandia a t  about  616 m (2350 f t )  ranged 

from 1 t o  5 m (3  t o  16 f t )  i n  h e i g h t .  Two l o s s  zones r e q u i r e d  c o n s i d e r a b l e  

t i m e  and e f f o r t  t o  overcome t h e  u r g e n t  and c o n t i n u i n g  problems. The l o s s  zone 

w i t h i n  t h e  Madera Format ion  was v a r i a b l e  i n  s e v e r i t y  f o r  t h e  f o u r  w e l l s .  

Tab le  V I 1  reco rds  t h e  q u a n t i t i e s  o f  m a t e r i a l s  used i n  a t tempts  t o  c o n t r o l  t h e  
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TABLE V I1  

LOST-CIRCULATION MATERIAL SUMMARY 

GT- 2 EE- 1 EE-2 EE-3 

Cement ( sacks )  3000 5 00 5000 3500 

L o s t  C i r c u l a t i o n  
M a t e r i  a1 ( b b l  ) 1600 8300 3500 2300 

l o s t - c i r c u l a t i o n  problems. I n  EE-3 a 1-m ( 3 - f t )  cavern was encountered a t  576 

m (1890 f t ) .  The r e s u l t a n t  s lough ing  o f  t h e  Abo and Madera Format ions  was 

a lmost  i d e n t i c a l  t o  t h a t  exper ienced i n  GT-2. F i n a l l y  t h e  50.8-cm (20 - in . )  

c a s i n g  was se t  a t  482 m (1580 f t )  t o  seal  o f f  t h e  Abo and upper  Madera l o s s  
zones. 

The cavernous p o r t i o n  o f  t h e  Sandia Format ion  i s  a t  t h e  bo t tom o f  t h e  

Magdalena Group and i s  l o c a t e d  about 15 m (50  f t )  above t h e  c o n t a c t  w i t h  t h e  

basement c r y s t a l l i n e  complex rocks  ( F i g .  6) .  A l l  f o u r  w e l l s  a t  Fenton H i l l  

e n c o u n t e r e d  t h i s  c a v e r n o u s  1 i m e s t o n e  and no  r e m e d i a l  e f f o r t s  a t t e m p t e d  

succeeded i n  r e g a i n i n g  c i r c u l a t i o n .  

Severa l  d i f f e r e n t  techn iques  had been used i n  a t tempts  t o  r e s t o r e  c i r c u l a -  

t i o n  i n  t h e  Sandia Format ion.  The use o f  a i r  m i s t  and t h e  use o f  a " g e l "  foam 

were t r i e d  w i t h o u t  success i n  GT-2. Both  approaches r e s t o r e d  c i r c u l a t i o n  tem- 

p o r a r i  l y ,  b u t  n e i t h e r  p r o v i d e d  enough h y d r o s t a t i c  p ressu re  t o  p reven t  s lough-  

i ng of t h e  exposed shal e sec t i ons .  Th i  s s lough ing  caused r e p e t i  t i  ve reaming, 

l a r g e  volumes o f  f i l l  on t r i p s  and t h e  s t i c k i n g  o f  t h e  d r i l l  s t r i n g .  A t tempts  

t o  b r i d g e  t h e  cavern w i t h  l o s t - c f r c u l a t i o n  m a t e r i a l  (15 700 b b l s  w i t h  up t o  

60% by vo l  ume 1 o s t - c i  r c u l  a t i o n  m a t e r i a l  ) , gunk squeezes (300 bb l  s )  and massi ve 
cement ing e f f o r t s  (a  t o t a l  o f  12 000 sacks on a l l  f o u r  w e l l s )  a l l  proved 

f u t i l e .  The p l a n  f i n a l l y  adopted was t o  m in im ize  t h e  amount of open h o l e  

exposed by cho ice  o f  cas ing  program when t h e  cavern  was f i r s t  encountered. As 

soon as f u l l  r e t u r n s  were l o s t ,  t h e  p l a n  was t o  d r i l l  w i t h o u t  r e t u r n s  i n t o  t h e  

basement complex and then  s e t  i n t e r m e d i a t e  cas ing.  T h i s  program was adopted 

f o r  EE-2 and EE-3. The c a s i n g  program i n  b o t h  EE-2 and EE-3 was t o  r u n  t h e  

20- in .  s u r f a c e  cas ing  near t h e  t o p  o f  t h e  f i r s t  t roub lesome loss zone a t  about  

80 m (1900 f t )  and then  d r i l l  t h rough  b o t h  l o s s  zones w i t h o u t  r e t u r n s  as 
a p i d l y  as p o s s i b l e  and then i n t o  t h e  basement complex. I n  b o t h  w e l l s  t h i s  
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i n t e r m e d i a t e  c a s i n g  s t r i n g  o f  34.0-cm (13 -3 /8 - in . )  was s e t  o n l y  a f t e r  some 

No t o t a l l y  p rob lem- f ree  method has been dev i sed  t o  overcome t h e  l o s s  of  

c i r c u l a t i o n  i n  t h i s  cavernous zone. The p l a n  t o  d r i l l  EE-3 w i t h o u t  r e t u r n s  

was s u c c e s s f u l ,  b u t  was c o s t l y  due t o  t h e  n e c e s s i t y  o f  h a u l i n g  wa te r .  The 

l o c a l ,  nearby source a t  La Cueva was used up and d e l a y s  occu r red  when w a t e r  

hau l  i n g  f rom Los A1 amos was necessary.  The i n t e r m e d i a t e  c a s i n g  was success- 

f u l l y  run  and cemented i n  a two-stage procedure t h a t  assured a 45-m ( 1 5 0 - f t )  

anchor i n t o  t h e  g r a n i t e  and, a f t e r  t e n s i o n i n g ,  p r o v i d e d  a cement sheath beh ind  

t h e  c a s i n g  f rom 428 m (1403 f t )  t o  t h e  su r face .  However t h e  zone f rom 428 m 

t o  693 m (1403 t o  2275 f t )  was uncemented (see F i g .  7 )  and no s o l u t i o n  has as 
y e t  been p e r f e c t e d  t o  a v o i d  t h i s  s i t u a t i o n .  

B. C r y s t a l l i n e  Rock 

The remainder o f  t h e  h o l e  was d r i l l e d  i n  a Precambrian metamorphic and 

igneous c r y s t a l l i n e  rock-complex. D r i l l i n g  f l u i d  r e l a t e d  problems w i t h  t h i s  
p o r t i o n  of EE-3 were extreme abras iveness , h i g h  temperatures !280"C (550°F) 2 ,  
and some areas o f  apparent  p e r m e a b i l i t y .  Due t o  t h e  i n c l i n a t i o n  o f  t h e  h o l e  

(35" f rom v e r t i c a l ) ,  and t h e  f a c t  t h a t  c l e a r  wa te r  was used as t h e  p r i m a r y  

c i r c u l a t i n g  f l u i d ,  a comb ina t ion  o f  t h e  l a r g e  c i r c u l a t i n g  volume used and t h e  

a b r a s i  veness o f  t h e  metamorphic and igneous rocks  caused spec i  a1 t o r q u e -  

r e d u c t i o n  problems. The b e s t  l u b r i c a t i n g  agent t r i e d  was a m i x t u r e  o f  

t r i g l y c e r i d e s  and a l c o h o l s .  The e f f e c t s  o f  t h e  l u b r i c a n t  was temporary a t  

h i g h e r  tempera tu res  [>190°C (>375"F)1. There fo re ,  t h e  l u b r i c a n t  had t o  be 

c o n s t a n t l y  rep len i shed .  Fur thermore,  e x t r e m e l y  h i g h  t o r q u e  and d r a g  p l a c e d  

h i g h  p r i o r i t y  on m i n i m i z i n g  d r i l l - p i p e  f a i l u r e  due t o  c o r r o s i o n .  C o r r o s i o n  

i n h i b i t i o n  was comp l i ca ted  by h i g h  temperatures and t h e  c i r c u l a t i o n  o f  h i g h  

volumes (15 000 b b l s )  o f  wa te r  t o  p r o v i d e  adequate c o o l i n g .  An oxygen 

scavenger (ammonium b i s u l f i t e )  and maintenance o f  a b a s i c  pH s u c c e s s f u l l y  

moderated t h i s  c o r r o s i o n  problem. However, t h e  presence o f  h i g h  s u l f u r  

c o n t e n t  i n  t h e  f l  u i d  caused a s i  gn i  fi c a n t  p r o b l  em w i t h  b a c t e r i a - d e r i  ved H2S 

generated i n  t h e  r e s e r v e  p i t s  d u r i n g  t h e  l a t e r  s tages o f  t h e  EE-3 d r i l l i n g  

program. It was a l s o  observed t h a t  H2S was generated downhole i f  t h e  b o r e h o l e  

was s t a t i c  f o r  an extended p e r i o d  (e.g., d u r i n g  f i s h i n g ) .  T h i s  was a p p a r e n t l y  

due t o  breakdown of t h e  oxygen scavenger and hydrocarbons i n  t h e  l u b r i c i t y  

add i  t i  ves . 

reaming and washing t h r o u g h  b r i d g e s  and f i l l .  8 
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The d r i l l i n g  f l u i d s  system, f l u i d  c o o l i n g ,  c u t t i n g  s e t t l i n g ,  and a d d i t i v e  

A l a r g e  

rese rve  pond ( a p p r o x i m a t e l y  1 / 2  a c r e  o f  s u r f a c e  area)  was p r o v i d e d  t o  coo l  t h e  

f l u i d  and s e t t l e  c u t t i n g s  as i t  e x i t e d  f rom t h e  boreho le .  The l a r g e  s u r f a c e  

area n o t  o n l y  coo led  t h e  water  e f f e c t i v e l y ,  b u t  a l l owed  f o r  ample s u r f a c e  

exchange o f  oxygen. There fo re  t o  p reven t  pumping water  downhole w i t h  l a r g e  

c o n c e n t r a t i o n s  o f  oxygen, l a r g e  q u a n t i t i e s  o f  oxygen scavenger (ammonium 

b i s u l f i t e )  were added t o  t h e  wa te r  p r i o r  t o  pumping downhole i n  o r d e r  t o  

remove t h e  oxygen d i s s o l v e d  i n  t h e  water .  A b a s i c  pH (9.5 t o  10.5) was 

ma in ta ined  t o  f u r t h e r  reduce c o r r o s i o n .  S c a l i n g  was c o n t r o l l e d  by t h e  use o f  

a phosphonate compound t h a t  removed t h e  c a t i o n s  ava i  1 a b l e  f o r  p r e c i p i t a t e  

fo rma t ion .  R e s u l t s  were mon i to red  by c o r r o s i o n  coupons (Tab le  V I I I )  and 

revea led  t h a t  whenever t h e  above t rea tmen ts  were f o l l o w e d ,  c o r r o s i o n  was k e p t  

t o  a minimum. However, toward  t h e  l a t e r  p a r t  o f  t h e  EE-3 d r i l l i n g  campaign 

t h e  e x t e r i o r  sur faces and p in -end face  s e a l s  o f  t h e  S-grade d r i l l  p i p e  were 

showing some s i g n s  o f  s h a r p l y  e tched c o r r o s i o n  p i t t i n g .  T h i s  c o r r o s i o n  was 

assumed t o  be due t o  t h e  downhole-generated H 2 S  and r e s i d u a l  oxygen i n  t h e  

d r i l l i n g  f l u i d .  L u b r i c a t i o n  o f  t h e  d r i l l  s t r i n g  and BHA i s  ex t reme ly  impor -  

t a n t  a t  t h e  g r e a t e r  depths due t o  excess i ve  f r i c t i o n a l  t o r q u e  and d r a g  

g e n e r a t e d  w i t h  t h e  c l e a r  w a t e r  f l u i d  sys tem.  The d r i l l  s t r i n g  was 

o c c a s i o n a l l y  sub jec ted  t o  t h e  upper l i m i t s  o f  s t r e s s  recommended by A P I  t a b l e s  

as a r e s u l t  o f  dog l e g s  produced by t h e  d i r e c t i o n a l  d r  ] l i n g  i n  t h e  a b r a s i v e  

basement rocks .  The f requent  d r i l l - p i p e  f a i l u r e s  t h a t  were a d i r e c t  conse- 

G r o g r a m s  were a d i r e c t  ex tens ion  o f  t h e  E E - 2  d r i l l i n g  exper ience.  

quence o f  t hese  problems r e s u l t e d  i n  
ex t reme ly  l e n g t h y  f i s h i n g  o p e r a t i o n s  i n  

EE-3. Severa l  methods o f  l u b r i c a t i o n  

were eva lua ted  and used. The use o f  

g r a n u l a r  o b j e c t s  such as wa lnu t  h u l l s  

o r  T e f l o n  beads, t o  reduce to rque ,  was 

e l  i m i  na ted  because o f  t h e i  r i nab i  1 i t y  

t o  suspend i n  c l e a r  water  and a l s o  

because o f  p o s s i b l e  b r i d g i n g  e f f e c t s  i n  

f u t u r e  f r a c t u r i n g  opera t i ons .  An o i l  

base d r i l l i n g  f l u i d  was a l s o  e l i m i n a t e d  

because  o f  t h e  h i g h  c o s t  o f  such  

l u i d s ,  t h e  f a c t  t h a t  Fenton H i l l  l i e s  

TABLE VI11 

CORROSION RATES ON DRILL  PIPE^ 

Wel l  Name Cor ros ion  Range Observed 
and No. ( l b s / s q  f t l y r )  

E E - 1  0.005 t o  1.81 

EE-2 0.01 t o  5.10 

EE-3 0.20 t o  3.90 
( t o  da te  11/22) 

aFrom c o r r o s i o n  m o n i t o r i n g  r i n g s  i n s t a l l e d  i n  t h e  
d r i l l  s t r i n g  (NL-Baroid).  
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w i t h i n  an area o f  env i ronmenta l  s e n s i t i v i t y ,  and tempera ture  degrada t ion  above 

200°C (400°F). A b iodegradab le ,  s o l u b l e  chemical  added t o  t h e  wa te r  was t h e r e -  

f o r e  s e l e c t e d  as t h e  bes t  poss i  b i  1 i t y  f o r  p r o v i d i n g  accep tab le  t o r q u e  and d rag  

r e d u c t i o n .  

An a d d i t i o n a l  l i m i t a t i o n  was p laced  upon t h e  l u b r i c a t i n g  a d d i t i v e  due t o  

t h e  h i g h  downhole temperatures.  Several  s o l u b l e  chemica ls  were t e s t e d  i n  t h e  

l a b o r a t o r y  b u t  o n l y  two were found s u i t a b l e  t o  t e s t  downhole (Tab le  I X ) .  The 

bes t  a d d i t i v e  was a conven t iona l  agent  t h a t  c o n s i s t e d  o f  m o d i f i e d  t r i g l y c e r -  

i d e s  and a l coho ls .  The e f f e c t  o f  t h e  l u b r i c a n t  was found t o  be o n l y  temporary 

i n  t h e  h o t t e s t  bo t tom-ho le  s e c t i o n s  o f  t h e  w e l l .  The re fo re  t h e  l u b r i c a n t  had 

t o  be c o n s t a n t l y  r e p l e n i s h e d  w h i l e  d r i l l i n g .  T h i s  was accompl ished by ba tch-  

w ise  a d d i t i o n s  o f  t h e  chemical .  The use o f  t h i s  chemica 

i n  reduc ing  excess ive  wear t o  t h e  d r i l l  s t r i n g  and s u r f a c e  

a l l o w e d  more l o a d  t o  be p laced  on t h e  c u t t i n g  s u r f a c e  o f  

t h e  s i d e  o f  t h e  borehole.  

A s e r i o u s  prob lem w i t h  t h i s  l u b r i c i t y  agent  was t h e  

downhol e 

p i p e  sca 

t h e  BHA, 

add i  t i ve succeeded 

equipment. It a l s o  

t h e  b i t  r a t h e r  t h a n  

tendency t o  degrade 

due t o  tempera ture .  The degraded r e s i d u e  a p p a r e n t l y  combined w i t h  
e,  c u t t  ngs, and p i p e  dope t o  fo rm a heavy "b lack  gunk" t h a t  coa ted  

l o g g i n g  t o o l s ,  and t h e  bo reho le  w a l l s .  Use o f  a h i g h  pH (pH = 12.5) 

TABLE I X  

DRILLSTRING TORQUE AND DRAG REDUCTION LUBRICATING AGENTS 
DETERMINED I N  EE-2 DRILLING PROGRAMS 

Torque (amps) 
A d d i t i v e  & Concen t ra t i on  Be fo re  A f t e r  D u r a t i o n  

2 ppba o i l  base l u b r i c a n t  600 450 30 min 

1 ppb o i l  base l u b r i c a n t  
p l u s  1 ppb t r i g l y c e r i d e s  
ti a l c o h o l  600 5 00 1 h  

2 ppb t r i g l y c e r i d e s  and 
a1 coho1 600 400 2 h  

20 ppb b e n t o n i t e  600 550 30 min 

~~~ ~ 

a Pounds per  b a r r e l .  
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and a s u r f a c t a n t  ( d e t e r g e n t )  was r e q u i r e d  t o  d i s s o l v e  and f l u s h  ouf t h i s  

The r e s e r v o i r  s e c t i o n  was mechan ica l l y  scraped i n  an 

a t tempt  t o  loosen t h e  m a t e r i a l  p r i o r  t o  f l u s h i n g  and d i s p l a c i n g  w i t h  c l e a n  

water .  

C. H2S D i f f i c u l t i e s  

u r n a t e r i a l  i n  EE-3. 

I n  t h e  l a t e r  s tages o f  t h e  EE-3 d r i l l i n g  o p e r a t i o n ,  f i r s t  no ted  on day 

362, t h e  b a c t e r i a  i n  t h e  rese rve  p i t s  s t a r t e d  t o  produce H2S. The d i a g n o s i s  

was made t h a t .  anaerob ic  b a c t e r i a  i n  t h e  bo t tom s l i m e  were c o n v e r t i n g  t h e  

s u l f u r  compounds (used i n  t h e  d r i l l i n g  f l u i d  t o  c o n t r o l  c o r r o s i o n )  t o  H2S. 

C o n d i t i o n s  o f  l o w  oxygen c o n t e n t ,  warmth ,  o r g a n i c  r e s i d u e s  ( f r o m  t h e  

l u b r i c a t i n g  a d d i t i v e )  and ge l  ( b e n t o n i t e )  sweeps were i d e a l  f o r  t h e i r  growth. 

S o l u t i o n  of t h i s  problem r e q u i r e d  t h e  d redg ing  o f  t h e  p i t s ,  use o f  a t r e a t m e n t  

w i t h  b i o c i d e s ,  and s t r i c t  s u l f u r  c o n t r o l  t h rough  use o f  a d d i t i o n s  of i r o n  

Sponge and d a i l y  m o n i t o r i n g  o f  s u l f i t e  a d d i t i o n s .  D i l i g e n t  m o n i t o r i n g  o f  H2S 

l e v e l s ,  l u b r i c i t y  e f f e c t i v e n e s s  and pH o f  t h e  f l u i d s  was a l s o  necessary. 

F i n a l l y  an -- i n  s i t u  b i o c i d e  i n o c u l a t i o n  o f  t h e  r e s i d u a l  bo t tom s l i m e  o f  t h e  

r e s e r v e  p i t  was r e s o r t e d  t o  and h e l d  t h e  H2S p r o d u c t i o n  and l e v e l  t o  an 

accep tab le  va lue  (<5 ppm). 

I n  r e t r o s p e c t ,  a rev iew  o f  t h e  d r i l l i n g  f l u i d  system approach seems 

warranted.  One approach would cons ide r  use o f  c o o l i n g  towers ,  c u t t i n g s -  

removal f i l t e r s  and a n i t rogen-based c o r r o s i o n  c o n t r o l  method. The ma jo r  

problem would be t o  remove e f f e c t i v e l y  and p r a c t i c a l l y  i n  t h e  f i e l d  t h e  v e r y  

f i n e  c u t t i n g s .  Another  approach would be t o  c o n t i n u e  t o  c i r c u l a t e  t h e  r e s e r v e  

p i t s ,  b u t  s u b s t i t u t e  a n i t r o g e n  purge oxygen-scavenger system t o  rep1 ace t h e  

s u l f u r  based chemis t ry .  O v e r a l l  c o s t s  would d i c t a t e  t h e  f u t u r e  c h o i c e  and 

s e l e c t i o n  o f  an improved d r i l l i n g  f l u i d  System. 

V. DRILLING PROBLEMS AND SOLUTIONS 

The problems encountered i n  t h e  d r i l l i n g  o f  EE-3 were severe  b u t  n o t  

abnormal f o r  such a h igh- tempera ture  d e e p - d r i l l i n g  o p e r a t i o n .  The d r i l l i n g  

h i s t o r y  o f  F ig .  3 i s  l a i d  ou t  i n  t h e  d iagram i n  F ig .  10. Two major  and t h r e e  

m ino r  problem areas a r e  i d e n t i f i e d .  These problems and t h e i r  s o l u t i o n s  

rep resen ted  over  50% o f  t h e  t i m e  r e q u i r e d  t o  d r i l l  EE-3--about 235 days o f  t h e  

461 t o t a l .  Two ma jo r  t ime- inc remen ts  f o r  f i s h i n g  and s i d e t r a c k i n g  a r e  shown 

and rep resen t  86% o f  t h e  problems t h a t  p lagued t h e  d r i l l i n g  campaign. The 

f i s h i n g  episodes d e r i v e  f rom t w i s t - o f f s  o r  washouts o f  t h e  BHA o r  d r i l l  
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1 

I 

Wash and Ream 2.6% 

Cementing 2.4% 

Circulating 1.5% 

-- Inspection 1.5% 

Fluid System 1.8% 

F ig .  10. 
Percentage o f  E E - 3  t i m e  spent  i n  d r i l l i n g  o p e r a t i o n s  and s o l v i n g  problems. 

s t r i n g .  These f a i l u r e s  r e q u i r e d  i n  t u r n  t h a t  t h e  BHA and d r i l l  s t r i n g  remain- 

i n g  downhole must be removed o r  r e t r i e v e d  ( f i s h e d )  f rom t h e  w e l l .  (Note:  
f i s h i n g  can a l s o  occur  when an o b j e c t  f a l l s  i n t o  t h e  w e l l . )  

A. D r i  11 - S t r i n g  F a i  1 u res  

A t w i s t - o f f  i n  d r i l l  p i p e  i s  d e f i n e d  as t h e  p a r t i n g ,  s e p a r a t i o n  o r  

b r e a k i n g  o f  a j o i n t  [ l o  rn (30 f t )  l e n g t h ]  o f  d r i l l  p i p e  by t h e  f o r c e s  ( t o r q u e  

and t e n s i o n )  a p p l i e d  t o  t h e  d r i l l  p ipe .  The number o f  s t r e s s  c y c l e s ,  o r  

f a t i g u e ,  can a l s o  cause t w i s t - o f f s .  Several o f  t h e  d r i l l  p i p e  and BHA 

f a i l u r e s  i n  E E - 3  have been r e f e r r e d  t o  as " t w i s t - o f f s "  b u t  do n o t  f i t  t h e  

s t r i c t  d e f i n i t i o n .  The l a r g e s t  number o f  f a i l u r e s  encountered were washouts 

i n  t h e  d r i l l  c o l l a r s  ( t h a t  a l s o  o f t e n  r e s u l t e d  i n  f i s h i n g  o p e r a t i o n s ) .  A 

washout i s  u s u a l l y  d e f i n e d  as a c rack  i n  t h e  tube  o r  t h r e a d  o f  a connec t ion  

t h a t  i s  washed o r  eroded by d r i l l i n g  f l u i d  and r e s u l t s  i n  a s t r e n g t h  r e d u c t i o n  

i n  t h e  component ( d r i l l  p ipe ,  c o l l a r ,  o r  o t h e r  BHA member). U s u a l l y  a washout 

W i l l  erode away s l o w l y  up t o  2 /3  o f  t h e  t o t a l  meta l  i n  t h e  c ross  s e c t i o n ,  a t @  
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which p o i n t  t h e  remain ing  meta l  w i l l  mechan ica l l y  f a i l  by  t o r q u e  o r  t e n s i o n  

oad i  ngs . 
Tab le  X i s  a comparison between EE-2 and EE-3 o f  t h e  f o u r  d i f f e r e n t  ma jo r  

t ypes  of  d r i l l - s t r i n g  f a i l u r e s .  There were f o u r  t imes  as many d r i l l - s t r i n g  

f a i l u r e s  i n  EE-3 o p e r a t i o n s  as compared t o  EE-2. The m a j o r i t y  o f  t h e  f a i l u r e s  

i n  EE-3 were i n  t h e  BHA, b u t  t h e  most severe and t h e  l o n g e s t  d e l a y s  were 

There were f i v e  t w i s t - o f f s  i n  EE-3 compared t o  none i n  EE-2. The f i r s t  

two were t w i s t - o f f s  o f  t h e  t u b e  on t h e  12.7-cm (5 - in . )  d r i l l  p ipe .  The second 

of  t hese  t w i s t - o f f s  caused t h e  l o n g e s t  (unsuccess fu l )  f i s h i n g  j o b  and event -  

u a l l y  r e q u i r e d  a s i d e t r a c k  o f  t h e  ho le .  

The 12.7-cm (5 - in . )  d r i l l  s t r i n g  was l a i d  down, r e t u r n e d  t o  t h e  d r i l l i n g  

c o n t r a c t o r ,  and an 11.4-cm (4-1/2- in . )  s t r i n g  was s u b s t i t u t e d  d u r i n g  t h e s e  

f i s h i n g  opera t i ons .  It was f e l t  t h a t  t h e  12.7-cm (5- in . )  s t r i n g  was b a d l y  

f a t i g u e d  d u r i n g  t h e  d r i l l i n g  o f  EE-2 and i n i t i a l  d r i l l i n g  o f  EE-3 and con- 

t i n u e d  use would o n l y  r e s u l t  i n  more- f requent  f i s h i n g  opera t i ons .  An eva lua-  

t i o n  of t h e  two f r a c t u r e s  i n  t h e  p i p e  i n d i c a t e d  severe c o r r o s i o n  p i t t i n g  (see 

F ig .  5) .  A d e t a i l e d  p o s t - f a i l u r e  a n a l y s i s 1 7  o f  t h e  f r a c t u r e  con f i rmed  t h a t  

f a t i g u e  was r e s p o n s i b l e  f o r  t h e  f r a c t u r e .  

The remain ing  t h r e e  t w i s t - o f f s  occu r red  i n  t h e  11.4-cm (4-1 /2- in . )  d r i l l  

p ipe .  I n  each o f  t hese  cases, t h e  th readed p i n  on t h e  t o o l  j o i n t  c racked and 

f a i l e d  ( t h e r e  was no f l u i d  washing i n v o l v e d ) .  

I caused by d r i  11 - p i p e  f a i  1 ures.  

TABLE X 

COMPARISON OF EE-2 AND EE-3 DRILL-PIPE AND BHA FAILURES 

Type F a i l u r e  EE-2 Remarks EE-3 Remarks 
- - 

Washout w i t h o u t  4 2 i n  BHA 11 10  i n  BHA 
f i s h i n g  o p e r a t i o n  2 i n  d r i l l - p i p e  t u b e  1 i n  d r i l l - p i p e  t u b e  

Washout w i t h  1 Pipe- tube washout w h i l e  4 A l l  i n  BHA 
f i s h i n g  o p e r a t i  on d r i l l i n g  ( f e l l  a p a r t  

on t r i p  o u t )  

Twi s t - o f  f 0 - 5 2 i n  5 - i n .  t u b e  
3 i n  4 -1 /2 - in .  p i n  

Par ted  s t r i n g  1 Crossover sub f e l l  a p a r t  3 1 i n  5 - in .  t u b e  
w h i l e  t r i p p i n g  i n  t h e  1 i n  4 -1 /2 - in .  p i n  
h o l e  ( p i n  end) 1 i n  a c c e l e r a t o r  

- - 

6 23 T o t a l s  
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There were a l s o  t h r e e  d r i l l - s t r i n g  f a i l u r e s  d u r i n g  EE-3 d r i l l i n g  opera-  

t i o n  where t h e  d r i l l  s t r i n g  was p u l l e d  a p a r t .  The f i r s t  one was i n  t h e  

12.7-cm (5 - in . )  d r i l l  p ipe.  The tube  o f  t h e  p i p e  f a i l e d  w e l l  below t h e  A P I  

minimum t e n s i l e  s t r e n g t h .  The f a i l u r e  added 31  days t o  t h e  t o t a l  f i s h i n g  

opera t i ons .  The nex t  f a i l u r e  occu r red  w h i l e  j a r r i n g  on a f i s h .  An a c c e l e r a -  

t o r  used i n  t h e  f i s h i n g  BHA t o  enhance t h e  e f f e c t  o f  t h e  j a r s ,  was p u l l e d  

apar t .  The t h i r d  p a r t i n g  f a i l u r e  occu r red  w h i l e  making a connect ion .  The 

th readed p i n  on a t o o l  j o i n t  p u l l e d  a p a r t  a t  l oads  f a r  below t h e  A P I  s p e c i f i e d  

minimum t e n s i l e  s t r e n g t h .  It was assumed t h a t  t h e  p i n  had been c racked 

r e s u l t i n g  i n  t h e  premature f a i l u r e .  

The EE-3 d r i l l - s t r i n g  f a i l u r e s  t h a t  caused t h e  g r e a t e r  t i m e  de lays  were: 

( 1 )  t h e  t w i s t - o f f  o f  t h e  12.7-cm ( 5 - i n . )  t ube  w h i l e  reaming t o  bottom, ( 2 )  t h e  

p a r t e d  d r i l l  p i p e  w h i l e  j a r r i n g  on a f i s h ,  and ( 3 )  t h e  t w i s t - o f f  o f  t h e  

11.4-cm (4-1 /2- in . )  d r i l l - p i p e  connec t ion  ( p i n )  w h i l e  reaming t o  bottom. The 

f o u r  washouts r e s u l t e d  i n  f i s h i n g  o p e r a t i o n s  t h a t  caused o n l y  s h o r t  de lays .  
Two procedures o r  p r a c t i c e s  were used t o  m in im ize ,  o r  guard a g a i n s t ,  

d r i l l - s t r i n g  f a i l u r e s .  D r i l l - p i p e  i n s p e c t i o n s  were r e g u l a r l y  conducted eve ry  

30 days o r  500 r o t a t i n g  h, whichever  came f i r s t .  T h i s  p r a c t i c e  was r o u t i n e l y  

f o l l o w e d  a f t e r  t h e  12.7-cm (5- in . ) -d iam d r i l l  s t r i n g  was rep laced.  A second 

measure  i n s t i g a t e d  was t o  have  a c o m p l e t e  second a l t e r n a t e ,  11.4-cm 

(4 -1 /2 - in . )  s t r i n g  on s i t e .  T h i s  a l l owed  one s t r i n g  t o  be l a i d  down and 

i n s p e c t e d  w h i l e  t h e  second s t r i n g  ( p r e v i o u s l y  i n s p e c t e d )  was run  i n  and d r i l l -  

i n g  cont inued.  T h i s  saved 4-1/2 days o f  t h e  5 t o  6 days o f  downtime u s u a l l y  

r e q u i r e d  f o r  an i n s p e c t i o n .  More i m p o r t a n t l y ,  i t  a l l owed  more t i m e  and c a r e  

d u r i n g  t h e  i n s p e c t i o n ,  t hus  making i t  more l i k e l y  t h a t  f l a w s  and i n c i p i e n t  

f a i l u r e s  were de tec ted .  T h i s  i s  e s p e c i a l l y  i m p o r t a n t  d u r i n g  d i f f i c u l t  weather  

c o n d i t i o n s .  

D u r i n g  t h e  f i n a l  b i t  r u n s  t h e  added p r e c a u t i o n  was i n s t i t u t e d  o f  

r i g - f l o o r  i n s p e c t i o n  o f  a l l  t o o l  j o i n t s  ( p i n s  and boxes)  o f  each d r i l l - s t r i n g  

s e c t i o n  o r  j o i n t  as i t  was be ing  added. T h i s  procedure de tec ted  and r e j e c t e d  

t h r e e  cracked p i n s ,  perhaps a v o i d i n g  a recu r rence  o f  t h e  f i n a l  t w i s t - o f f  t h a t  

occu r red  on day 438. 

The l e s s - f r e q u e n t  d r i  11 - s t r i n g  f a i  1 u res  

t o  t h e  l o w e r  DLS o f  t h a t  w e l l  as compared 

m o n i t o r  and c o n t r o l  t h e  DLS d u r i n g  d i r e c t i o n a  

DLS t o  l e s s  t h a n  2 t o  3" p e r  100 f t  maximum. 
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in EE-2 was p robab ly  due i n  p a r t  

i n  F i g  11. It i s  i m p o r t a n t  t o  

d r i l l i n g  o p e r a t i o n s  and t o  h o l d  

It i s  p a r t i c u l a r l y  i m p o r t a n t  t o  



a v o i d  t h e  sharp s-curved crooked h o l e  c o n d i t i o n  generated i n  EE-3 i n  t h e  1980 

o 2190 m (6500 - 7200 f t )  i n t e r v a l  and t h e  2960 t o  3200 m (9700 t o  10 500 f t )  

zone i n  t h e  o r i g i n a l  d r i l l e d  p o r t i o n  o f  t h e  31.1-cm (12-1 /4- in . ) -d iam ho le .  A 
s t r i c t  dog leg  m i n i m i z a t i o n  s t r a t e g y  i s  p a r t i c u l a r l y  i m p o r t a n t  because even 

v e r y  e x t e n s i v e  and i n t e n s i v e  reaming w i t h  an ex t reme ly  s t i f f  BHA (e.q., two 

s i x - p o i n t  reamers back- to -back)  i s  o f  l i m i t e d  e f f e c t i v e n e s s  i n  reduc ing  such 

crooked h o l e  c o n d i t i o n s  i n  c r y s t a l l i n e  rocks .  

B. S i d e t r a c k i n g  

On October  28, 1980, day 160, a t w i s t - o f f  occu r red  i n  E E - 3  w h i l e  d r i l l i n g  

t h e  31.1-cm (12-1 /4- in . )  h o l e  a t  a depth  o f  3200 m (10 528 f t ) .  F i s h i n g  

con t inued  u n t i l  December 15,  when t h e  s i d e t r a c k i n g  o p e r a t i o n  was i n i t i a t e d  t o  

bypass t h e  s tuck  BHA. F i g u r e  12 reco rds  t h e  E E - 3  c o n f i g u r a t i o n  f o r  t h e  s i d e -  

t r a c k i n g  opera t i ons .  The h o l e  was underreamed t o  a 40.6-cm (16- in . ) -d iam f rom 

2975 t o  2979 m (9760 t o  9774 f t )  and f rom 3013 t o  3016 m (9885 t o  9900 f t ) .  
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S i x  cement p l u g s  were s e t  b e f o r e  a p l u g  w i t h  s a t i s f a c t o r y  hardness was p laced.  

(1 f t / m i n )  a t  22 x 10 N ( 5  000 l b  ) b i t  l oad ;  t h e  s i x t h  p l u g  was d r i l l e d  a t  

0.1 m/min (0.3 f t / m i n )  w i t h  45 x 10 N (10 000 l b f )  b i t  l o a d  (see Tab le  I ) .  

Two D y n a - D r i l l  runs w i t h  a Smith 25.1-cm (9 -7 /8 - in . )  Q9JL T C I  b i t  and 2" 

b e n t  sub were made i n  p l u g  No. 6 t o  2981 m (9780 f t ) ,  a t  a p e n e t r a t i o n  r a t e  of  
3 2 m/h ( 7  f t / h )  and b i t  l o a d  o f  9 x 10 N (2000 l b s ) ,  w i t h o u t  any i n d i c a t i o n  o f  

we igh t  i n c r e a s e  o r  s i d e t r a c k i n g  a c t i o n .  

An a t tempt  was then  made t o  run  a 30.5-cm (12- in.)-0.d.  wh ips tock ,  b u t  

t h e  whipstock s t a r t e d  t o  d rag  a t  about 2070 m (6800 f t )  and would n o t  go p a s t  

t h e  DLS p o r t i o n  o f  t h e  h o l e  near 2195 m (7200 f t ) .  To a v o i d  s h e a r i n g  t h e  

shear p i n  h o l d i n g  t h e  whipstock t o  t h e  d r i l l  s t r i n g  [ s e t  f o r  111 x 10 N (?5 

000 l b f ) ] ,  t h e  wh ips tock  was n o t  f o r c e d  and was subsequent ly  p u l l e d  f rom t h e  

ho le .  

Wh i le  a 26.7-cm ( l O - l / Z - i n . )  wh ips tock  was b e i n g  b u i l t ,  ano the r  a t t e m p t  
was made t o  s i d e t r a c k  o f f  a cement p lug .  A gamma-ray l o g  l o c a t e d  an a l t e r e d  

o r  f r a c t u r e d  zone h i g h e r  i n  t h e  ho le ,  where i t  was presumed t h a t  t h e  s o f t e r  

rock  m i g h t  o f f e r  a b e t t e r  chance f o r  d r i l l i n g  o u t .  T h i s  zone was underreamed 

t o  41-cm (16 - in . ) -d iam f rom 2833 t o  2844 m (9293 t o  9330 f t ) .  The e i g h t h  

cement p l u g  (C lass  J Cement) was p l a c e d  and a s i d e t r a c k i n g  assembly was used 

t h a t  c o n s i s t e d  of a 22.2-cm (8 -3 /4 - in . )  T C I  b u t t o n  b i t ,  a D y n a - D r i l l  PDM w i t h  

2" b e n t  housing, and a 2" Dyna-Flex. D r i l l i n g  t h r o u g h  t h e  underreamed s e c t i o n  

progressed a t  a t imed  r a t e  o f  0.3 m/h ( 1  f t / h )  w i t h  no load. A f t e r  d r i l l i n g  

1.3 m ( 4  f t )  t h e  assembly was p i c k e d  up 3 m (10 f t )  and reamed s l o w l y  back t o  

bottom. Three b u t t o n  b i t s  and one s i d e t r a c k i n g  diamond b i t  were used i n  s i x  

separa te  motor  runs i n  which a t o t a l  o f  24 m (78  f t )  was d r i l l e d .  It appeared 

t h a t  t h e  diamond b i t  had s t a r t e d  t o  s i d e t r a c k  a t  t h e  bo t tom o f  t h e  underreamed 

s e c t i o n ,  because t h e  l o a d  on t h e  b i t  i n c r e a s e d  f r o m  4 x 10 N (1000 l b f )  t o  65 

x 10 N (15 000 l b f )  w h i l e  t h e  p e n e t r a t i o n  r a t e  o f  0.3 m/h ( 1  f t / h )  remained 

cons tan t .  Two T C I  b u t t o n - b i t  runs  f o l l o w i n g  t h e  diamond b i t  a l s o  i n d i c a t e d  

t h a t  s i d e t r a c k i n g  had been s t a r t e d ,  b o t h  f rom t h e  wear p a t t e r n  on t h e  b i t s  and 

i n c r e a s e d  percentage o f  g r a n i t e  c h i p s  i n  t h e  c u t t i n g s .  Assuming t h a t  a s i d e -  

t r a c k  had been e s t a b l i s h e d ,  an ang le  b u i l d i n g  assembly was run  i n ,  b u t  con- 

t i n u e d  d r i l l i n g  produced o n l y  cement c u t t i n g s ,  i n d i c a t i n g  c o n t i n u a t i o n  i n  t h e  

o l d  ho le.  

The p e n e t r a t i o n  r a t e  w h i l e  f a c i n g  o f f  t h e  f i r s t  f i v e  p l u g s  was about 0.3 m/min @ 
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UNDERREAMED TO 16 I 

UNDERREAMED 

F i g .  12. 
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3.2 

Diagram o f  EE-3 s i d e t r a c k i n g  o p e r a t i o n s  (see Tab le  I). 

A 27-cm (10- l /Z- in . ) -0 .d.  whipstock,  F ig .  13, w i t h  a 3-m ( 1 0 - f t )  s l i d e  

des igned w i t h  c u r v a t u r e  t o  accommodate a 31.1-cm (12-1/4- in . )  b i t  was r u n  i n  

w i t h  10 m (30 f t )  o f  t a i l p i p e  below, and was o r i e n t e d  and cemented w i t h  t h e  

n i n t h  cement p lug .  The 
t o p  of t h e  wh ips tock -anchor ing  p l u g  was a t  2804 m (9200 f t )  t o  a l l o w  ano the r  

chance a t  s i d e t r a c k i n g  i n  t h e  underreamed s e c t i o n .  Va r ious  s low t i m e - d r i l l i n g  

p e n e t r a t i o n  r a t e s  were t r i e d  a t  t h e  underreamed zone i n  d r i l l i n g  down t o  t h e  

wh ips tock  u s i n g  b u t t o n  b i t s  on a D y n a - D r i l l  PDM, b u t  s i d e t r a c k i n g  was n o t  

accompl i shed. 

Junk was encountered a t  2875 m (9432 f t ) ,  about 3 m (10 f t )  above t h e  t o p  
o f  t h e  whipstock w h i l e  d r i l l i n g  cement down t o  t h e  wh ips tock  l o c a t e d  a t  2879 m 

(9444 ft). The j u n k  was cleaned up t h r o u g h  a s e r i e s  o f  b i t  , m i l l ,  and magnet 

runs*. The j u n k  was determined t o  be a high-chrome s t e e l  p i e c e  perhaps 1- t o  

1.2-m (3-  t o  4 - f t )  long,  and n o t  t h e  c a s t  s t e e l  o f  t h e  whipstock.  A BHA con- 

s i s t i n g  of a 31.1-cm (12-1/4- in.)  Q9JL b i t ,  one 17.1-cm (6 -3 /4 - in . )  d r i l l  

The t o p  o f  t h e  whipstock was s e t  a t  2879 m (9444 f t ) .  

c o l l a r ,  j a r s ,  and 15 j o i n t s  o f  HWDP was used t o  d r i l l  o f f  t h e  whipstock.  

*About 2/3 m (2  f t )  of j u n k  was a c t u a l l y  d r i l l e d  up w i t h  a TCI b i t ,  a Smi th 
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F i g .  13. 
Photograph o f  10-3/4- in.-diam whipstock.  

The b i t  d r i l l e d  5 m (15 f t )  i n  15.5 h w i t h  22 x l o 3  t o  67  x 103N (5000 t o  

15 000 l b f )  b i t  load.  As t h e  amount o f  g r a n i t i c  c h i p s  i n  t h e  c u t t i n g s  was 

i n c r e a s i n g  s t e a d i l y ,  an a n g l e - b u i l d i n g  assembly was made up and 30 m (97  f t )  

o f  new h o l e  were d r i l l e d ,  which d e f i n i t e l y  e s t a b l i s h e d  t h e  success fu l  s i d e -  

t r a c k  on March 22, a f t e r  t h r e e  months o f  a t tempts .  

I n  r e t r o s p e c t  , c o n s i d e r i n g  t h e  ease t h a t  t h e  31.1-cm (12-1/4- in . )  b u t t o n  

b i t  f i n a l l y  d r i l l e d  off  t h e  whipstock,  i t  would seem t h a t  any f u r t h e r  s i d e -  

t r a c k i n g  a t tempts  i n  s i m i l a r  s i t u a t i o n s  shou ld  c o n s i d e r  u s i n g  a whipstock as 

t h e  i n i t i a l  a t tempt .  E i t h e r  permanent o r  temporary t o o l s  m i g h t  be considered.  

I f  a l a r g e  number o f  b i t  runs o r  t r i p s  must be made p a s t  a whipstock,  t h e  

permanent , cemented-i n - p l  ace v a r i e t y  , would appear t o  be t h e  b e t t e r  sol u t i  on. 

Use o f  cement p l u g s  and underreaming, a t e c h n i q u e  used r o u t i n e l y  i n  s o f t  and 

medium-hard format ions,  would seem o f  l i m i t e d  v a l u e  i n  HDR w e l l s ,  even though 

G T - 2  was p r e v i o u s l y  s i d e t r a c k e d  t w i c e  b y  t h e s e  t e c h n i q u e s .  lo C u r r e n t  
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Port land-cement-based p lugs ,  a t  l e a s t ,  seem a poor b a s i s  upon wh ich  t o  p l a n  a 

Research 
work on a more r e l i a b l e ,  and f a r  ha rde r  (ha rde r  t o  d r i l  ) " c e m e n t " - l i k e  

m a t e r i a l  f o r  such s i d e t r a c k i n g  a p p l i c a t i o n s  would seem a p p r o p r i a t e  and m i g h t  

improve t h e  odds o f  s i d e t r a c k i n g  by t h i s  method. E f f e c t i v e  a l t e r n a t e  s i d e -  

t r a c k i n g  methods (and a l t e r n a t e s  f o r  any o t h e r  p a r t i c u l a r  d r i l l i n g  o r  remed ia l  

o p e r a t i o n )  a r e  always a d i s t i n c t  b e n e f i t  t o  d r i l l i n g  success. 

C. Keyseat. 

The s e c t i o n  of t h e  31.1-cm (12-1/4- in . )  h o l e  f rom about 1980 m (6500 f t )  

t o  2195 m (7200 f t )  caused severa l  problems d u r i n g  t h e  d r i l l i n g  o f  EE-3. A 
keyseat  i s  assumed t o  have been formed, cen te red  a t  about  1980 m (6500 f t )  

depth. A t  l e a s t  a keyseat  would e x p l a i n  t h e  problems encountered i n  t h i s  

s e c t i o n  of t h e  w e l l .  The usual  d e s c r i p t i o n  o f  a keyseat  i s  a channel o r  

v e r t i c a l  groove c u t  i n  t h e  h i g h  s i d e  o f  an i n c l i n e d  h o l e  by t h e  d r i l l - s t r i n g  

r o t a t i o n  and drag. The groove i s  worn p a r a l l e l  t o  t h e  a x i s  o f  t h e  ho le .  Key- 

s e a t i n g  o f  t h e  BHA o r  d r i l l  p i p e  occurs  when t h e  l a r g e r  0.d. BHA o r  a 

d r i l l - p i p e  t o o l  j o i n t  i s  p u l l e d  up i n t o  t h e  channel c u t  by t h e  d r i l l  p i p e  o r  

d r i l l - p i p e  connect ions .  A dog leg  o r  sharp t u r n  i n  a h o l e  must be p resen t  f o r  

a keyseat  t o  form. A keyseat  does n o t  r e s t r i c t  d r i l l i n g  f l u i d  c i r c u l a t i o n .  A 

ske tch  o f  a keyseat  i s  shown i n  F i g .  14. 

The d i r e c t i o n a l  d r i l l i n g  i n  EE-3 s t a r t e d  a t  1964 m (6444 f t) .  A t  t h e  KOP 

t h e  f i r s t  PDM d i r e c t i o n a l  d r i l l i n g  run  was a t tempted u s i n g  a 2" bent  sub. 

I n s t e a d  of u s i n g  a s t e e r i n g  t o o l  , t h e  s i n g l e - s h o t  i n s t r u m e n t  was used t o  

o r i e n t  t h e  d i r e c t i o n a l  assembly. Wi th  t h e  s i n g l e  shot ,  t h e r e  i s  no con t inuous  
readout  of t o o l  o r i e n t a t i o n  a t  t h e  su r face ;  t h e r e f o r e ,  use o f  t h e  s i n g l e - s h o t  

survey  does n o t  m o n i t o r  t h e  bo reho le  t r a j e c t o r y  as i t  i s  d r i l l e d ,  as  i n  t h e  

case o f  a s t e e r i n g  t o o l .  I n  these  f i r s t  two d i r e c t i o n a l  d r i l l i n g  motor  runs ,  

t h e  h o l e  went f rom 10°N58"W a t  1923 m (6431 f t )  t o  14-3/4"N4ZoW a t  2030 m 

(6662 f t). I n  t h i s  s e c t i o n  t h e  SDL averaged 3 .6" /100f t  and was as h i g h  as 

5.6"/100 f t  (see F i g s ,  4 and 11). It was obv ious  t h a t  t h e  downhole motors  

c o u l d  n o t  be s u f f i c i e n t l y  w e l l  mon i to red  w i t h  t h e  s i n g l e - s h o t  t o o l  and t h e  

EYE s t e e r i n g  t o o l  was used a f t e r  t h e  second r u n  (see Tab le  111). D i r e c t i o n a l  

d r i l l i n g  con t inued  w i t h  downhole motors  w i t h  t h e  p r i m a r y  o b j e c t  t o  t u r n  t h e  

h o l e  azimuth. Dur ing  t h e  f o l l o w i n g  d i r e c t i o n a l  d r i l l i n g  sequences t h e  d e s i r e d  

az imutha l  c o r r e c t i o n  was achieved,  b u t  a severe d rop  i n  i n c l i n a t i o n  a l s o  

The survey da ta  went f rom 14-3/4"N4ZoW a t  2030 m (6662 f t )  t o  

G i d e t r a c k i n g  o p e r a t i o n  i n  g r a n i t e ,  o r  o t h e r  ve ry  hard  forma ions .  

@occur red .  
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S C H E M A T I C  OF KEY SEATED 
DRILL COLLARS IN CROOKED HOLE 

(a )  SIDE VIEW (b) CROSS SECTION A - A' 

F i g .  14. 
Schematic o f  keyseat .  

8-1/4"  N63"E a t  2260 m (7400 f t ) .  The DLS averaged 3.8"/100 f t .  The 

r e s u l t i n g  "S"-shaped p o r t i o n  o f  t h e  we1 1 bore  had e s t a b l  i shed t h e  c o n d i t i o n s  

f o r  a keyseat  t o  form. The many hours o f  r o t a r y  d r i l l i n g  and many t r i p s  be low 

t h i s  c rooked-ho le  zone p r o v i d e d  t h e  c u t t i n g  mechanism f o r  t h e  keyseat  channel 
by b o t h  d r i l l  p i p e  and ( e s p e c i a l l y )  t h e  hardbanded connect ions .  

The keyseat  d i d  n o t  p resen t  any problems u n t i l  t h e  f i r s t  22.2-cm (8-3 /4-  

i n . )  b i t  was run  on day 350 w i t h  17.1-cm (6-3 /4- in . )  c o l l a r s .  T h i s  was due t o  

two f a c t o r s :  (1) The p r e v i o u s l y  used 20.3-cm (8- in . ) -0 .d.  d r i l l  c o l l a r s  were 

s u f f i c i e n t l y  l a r g e  t o  keep them ou t  o f  t h e  smal l e r - d i a m e t e r  keyseat  channel 

c u t  by t h e  16.5-cm (6-1 /4- in . )  p i p e  connect ions .  The 17.1-cm (6-3/4- in . ) -0 .d.  

c o l l a r s  were n o t  l a r g e  enough and t h e y  wedged i n  t h e  keyseat  channel. ( 2 )  The 

17.1-cm (6-3/4-in.)-0.d. c o l l a r s  a re  more f l e x i b l e .  Because t h e r e  were 11 
17.1-cm (6-3/4-in.)-0.d. c o l l a r s  i n  t h e  BHA, t h e  t o p  c o l l a r  tended t o  r i d e  t h e  

h i g h  s i d e  o f  t h e  h o l e  where t h e  keyseat  channel was l o c a t e d .  

The two t imes t h a t  t h e  d r i l l  c o l l a r s  were s tuck  a t  app rox ima te l y  1980 m 

(6500 f t )  t h e  d r i l l  s t r i n g  was b e i n g  p u l l e d  o u t  o f  t h e  ho le ,  I n  each i n s t a n c e  

t h e  c o l l a r s  were j a r r e d  and worked l o o s e  downward, and then  worked upward pas t  

t h e  keyseat .  A lso,  t h e r e  was no problem c i r c u l a t i n g  p a s t  t h e  s t u c k - p o i n t  when 

t h e  BHA was s tuck  i n  t h e  keyseat  channel. es 
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A f t e r  t h e  second t i m e  t h e  BHA was keyseated, s t r i n g  reamers were r u n  t o  

The s i n g l e - a r m  c a l i p e r  l o g  ( F i g .  15)  shows a d iamete r  g r e a t e r  t h a n  50.8 

cm (20- in . )  ( t h e  c a l i p e r  a rm i s  a t  t h e  maximum e x t e n s i o n )  between 1980 m and 

2010 m (6500 and 6600 f t ) ,  so t h e  l a t e r a l  e x t e n t  o f  t h e  keyseat  was n o t  d e t e r -  
m i  ned. 

Therefore a l l  a v a i l a b l e  da ta  p o i n t s  t o  t h e  f o r m a t i o n  o f  a keyseat  i n  t h e  

@ i n c r e a s e  t h e  d iamete r  o f  t h e  keyseat  channel t o  22.2 cm (8 -3 /4 - in . )  

w e l l b o r e  i n  t h e  1980 t o  2010 m (6500 t o  6600 f t )  i n t e r v a l .  

D. E lastomer Seals.  The tempera tu re  l i m i t s  o f  commonly used e l a s t o m e r i c  

s e a l s  c o n t r i b u t e d  t o  f a i l u r e s ,  o r  l i f e  r e d u c t i o n ,  o f  many downhole t o o l s  and 

i n s t r u m e n t s .  Unsealed d r i l l  b i t s  t h a t  do n o t  depend on sea led  l u b r i c a n t  i n  

t h e  b e a r i n g s  must be se lec ted .  L u b r i c a t i o n  and c o o l i n g  by d r i l l i n g  f l u i d  con- 

t a i n i n g  c u t t i n g s  o b v i o u s l y  reduces b i t  b e a r i n g  l i f e .  

Other  necessary BHA components--dr i  11 i ng and f i s h i n g  j a r s  , shock absorb- 

e r s  , over -sho t  f i s h i n g  g rapp les  , and PDM motors--depend upon e lastomers.  A t  

t empera tu res  above about 165°C (350°F) many o f  t hese  e las tomers  f a i l  o r  

degrade r a p i d l y .  

One major  problem area encountered was due t o  t h e  f a i l u r e  o f  s e a l s  used 

on n e a r - b i t  f l o a t  (check)  va l ves .  These v a l v e s  a r e  i n c l u d e d  i n  t h e  BHA near  

t h e  b i t ,  u s u a l l y  i n  a f l o a t  sub, t o  p reven t  back f l o w  o f  d r i l l i n g  f l u i d s  and 

c u t t i n g s  up t h e  d r i l l - p i p e  i.d. T h i s  most o f t e n  occu rs  when a j o i n t  o r  s t a n d  

of  p i p e  i s  added t o  t h e  s t r i n g ,  and i s  due t o  t h e  excess we igh t  o f  t h e  

c u t t i n g s  c a r r i e d  i n  t h e  d r i l l  p i p e - t o - w e l l b o r e  annulus.  T h i s  i s  i n  t u r n  

c a u s e d  b y  t h e  1 i m i t e d  c u t t i n g s - c a r r y i n g  c a p a c i t y  o f  t h e  c l e a r - w a t e r  
d r i l l i n g - f l u i d  system. The U-tube e f f e c t  o f  t h e  h i g h e r  d e n s i t y  annulus f l u i d  

then  c a r r i e s  c u t t i n g s  i n t o  t h e  BHA, o f t e n  p l u g g i n g  c o l l a r s  and downhole 

motors.  T h i s  p l u g g i n g  u s u a l l y  cannot be c l e a r e d  by t h e  r i g  pumps and r e q u i r e s  

a t ime-consuming round t r i p  o u t  o f  t h e  ho le .  The c l e a n i n g  o f  t h e  p lugged 

c o l l a r  o f t e n  r e q u i r e d  a t r i p  t o  a shop i n  Farmington, New Mexico. The 

p l  ugged-motor occurrences were e s p e c i a l l y  d i s r u p t i v e  as t h e  s t e e r i n g  t o o l  had 

t o  be r i g g e d  down and then  r e - r i g g e d  a f t e r  t h e  motor  was changed ou t .  D i s -  
assembly, c l e a n o u t  , and r e b u i l d  o f  t h e  ME1 t u r b o d r i l l s  was always necessary 

because t h e  unsealed b e a r i n g s  i n v a r i a b l y  p lugged when t h e  f l o a t  v a l v e  f a i l e d .  
A s o l u t i o n  t o  t h e  f l o a t - v a l v e - s e a l  problem was i n i t i a t e d  d u r i n g  t h e  

d r i l l i n g  o f  EE-2. The f l o a t - v a l v e  s u p p l i e r  ( B a r k e r l i n e ,  San An ton io ,  Texas) 

was c o n t a c t e d  and i n i t i a t e d  a development t o  r e p l a c e  t h e  s tandard  e las tomer  
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11 
Caliper scale 

Fig. 15. 
S i  ng l  e arm c a l  i p e r  1 og showing keyseat  
zone. 

s e a l s ,  F i g .  1 6 ,  w i t h  a h i g h -  

tempera ture  m a t e r i a l .  A f t e r  seve ra l  

p r o t o t y p e  runs by seve ra l  e las tomer  

s u p p l i e r s ,  an EPDM f o r m u l a t i o n  pro-  

v ided  a sea l  t h a t  t e s t e d  success- 

f u l l y  i n  t h e  Los Alamos au toc lave ,  

f o r  30-to-40-h r o t a r y - d r i  11 i n g  runs  

and f o r  t h e  3 - t o - 5 - h  t u r b o d r i l l  

runs ;  a l l  t o  a t  l e a s t  280°C (550°F). 

I n  a d d i t i o n  a s t r a t e g y  t h a t  employed 

two f l o a t  va l ves  i n  tandem, one i n  

t h e  t o p  t u r b o d r i l l  sub, and one i n  a 

f l o a t  sub above t h e  t u r b o d r i l l  , gave 

added i n s u r a n c e  a g a i n s t  t h e  f l o a t  

v a l v e  f a i l u r e s  on t h e  d i r e c t i o n a l  
m o t o r  runs. 

The s o l u t i o n  o f  t h e  e las tomer-  

s e a l s  problem was t h e  a p p l i c a t i o n  of 

an EPDM f o r m u l a t i o n  and was a ided  

and guided by t h e  r e c e n t  success fu l  

U.S. DOE f u n d e d  R & D  p r o j e c t  b y  

L ' G a r d e ,  Newpor t  Beach,  C a l i f o r -  

n i a .  18,19 It may h e l p  p o i n t  t h e  way 

toward  s o l u t i o n s  t o  h igh - tempera tu re  

e las tomer  problems i n  o t h e r  d r i l l i n g  

components. 

E. W i r e l i n e  T o o l s .  N e a r l y  a l l  

w i  r e1  i ne -dep l  oyed t o o l  s a r e  s e v e r e l y  

l i m i t e d  i n  h i g h - t e m p e r a t u r e  p e r -  

formance. A gener i c  problem e x i s t s  

i n  c a b l e  heads and cab les ,  and i s  a 

r e c o g n i z e d  p r o b l e m  t h r o u g h o u t  t h e  

geothermal i n d u s t r y .  Problems w i t h  

d i a g n o s t i c  l o g s  such  as  c a l i p e r s ,  

gamma s u r v e y s  , c a s i n g  i n s p e c t i  on , 
and cement-bond e v a l u a t i o n s  r e s u l t  
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HIGHER DENSITY 
FLUID-GEL SWEEP 
WITH CUTTINGS 

DRILL STRING 

RE OF FLOAT CAUSES 
FLOW AND PLUGGING 
A-MOTOR OR COLIARS 

Fig .  16. 
F l o a t - v a l v e - s e a l  f u n c t i o n  i n  d r i l l  
s t  r i ng .  

F. Cement Plugs. P o r t l a n d  cements f o r  

from tempera ture  l i m i t a t i o n s  and a r e  

o f t e n  p lagued w i t h  poor  q u a l i t y  and 

u n r e l i a b l e  p e r f o r m a n c e .  F i s h i n g  

t o o l  s such  as f r e e - p o i  n t  s u r v e y s  , 
p e r f o r a t o r s ,  b a c k - o f f  s h o t s ,  and 

p i  p e - s e v e r i  ng  s e r v i c e s  a r e  a1 s o  

a f f e c t e d .  These o p e r a t i o n s  o f t e n  

r e q u i r e  r e p e a t e d  a t t e m p t s ,  l o s e  

e f f e c t i v e n e s s  when success fu l ,  and 

may r e q u i r e  e x t e n d e d  c o o l d o w n  b y  

1 e n g t h y  c i r c u l a t i o n .  H i  gh- 

t e m p e r a t u r e  d e t o n a t o r s  a r e  a 

d e f i n i t e  need, and a problem needing 

s o l u t i o n  f o r  a1 1 geothermal f i s h i n g  

o p e r a t i o n s .  

The d i r e c t i o n a l - d r i l l i n g  

s t e e r i  n g - t o o l  p r o b l e m  had been 

t a c k l e d  i n  E E - 2  b y  S c i e n t i f i c  

D r i  1 1 i n g  Con t ro l  s ( I r v i n e ,  Cal i f o r -  

n i a )  and a s p e c i a l  h o t - h o l e  cab le ,  

c a b l e h e a d  and,  d e w a r - p r o t e c t e d  

downho le -e lec t ron i cs  system a f f o r d e d  

adequate s t e e r i n g - t o o l  per formance 

f o r  t h e  az imutha l  c o r r e c t i o n s  i n  t h e  
deep, h o t  r e s e r v o i r  s e c t i o n  o f  t h e  

27.2-cm (8-3/4- in . ) -d iarn bo reho le  o f  

EE-3 .  

h igh - tempera tu re  o i  1 , gas , and geo- 
nn 

thermal  we 

f o r  e f f e c t  

l i n e  rocks  

w i l l  d r i l l  

t r a c k i n g  t 

Use o f  cement p l u g s  1s have been recogn ized as a major  problem. 

ve and r e l i a b l e  s i d e t r a c k i n g  o p e r a t i o n s  i n  ex t reme ly  hard,  c r y s t a l -  

w i l l  r e q u i r e  a c o n s i d e r a b l e  e f f o r t  in a search f o r  a "cement" t h a t  

hard  r e l a t i v e  t o  a g r a n i t e  fo rma t ion .  That i s  *because a s i d e  

it must t a k e  a r e l a t i v e l y  h i g h  b i t - l o a d  t o  genera te  s u f f i c i e n t  

L U  

s i d e - c u t t i n g  f o r c e  and a c t i o n  t o  groove t h e  s i d e w a l l .  Low-penet ra t ion  r a t e  t o  

e f f e c t  an e f f i c i e n t  g roov ing  a c t i o n  i s  r e q u i r e d  and t h i s  i n  t u r n  r e q u i r e s  a 

Thus an ex t reme ly  hard p l u g  i s  requ i red .  Development o f  @slow d r i l l i n g  r a t e .  
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s p e c i a l  t ypes  o f  s i d e - c u t t i n g  b i t s ,  i .e. , e s p e c i a l l y  des igned diamond b i t s  and 

skewed-axi s t hree-cone b i t s  would be Val uab l  e. 

One f u r t h e r  comparison i s  g i ven  on Tab le  X I  where t h e  v a r i o u s  t y p e s  o f  

d r i l l i n g  problems and t r o u b l e s  f o r  EE-3 (and EE-2), and t h e  nearby Baca hydro-  

thermal  d r i l l  i n g  o p e r a t i o n s  (conducted by Union Geothermal D i  v.) , a r e  tabu1 a t -  

ed as t h e  pe rcen t  o f  t o t a l  t i m e  r e q u i r e d  t o  s o l v e  t h e  p a r t i c u l a r  p rob lem 

expressed i n  pe rcen t  o f  t o t a l  d r i l l i n g  t i m e  spent  s o l v i n g  a l l  t h e  problems. 

The no ted  d i f f e r e n c e s  a r e  about as expected , w i t h  hydrothermal  d r i  11 i n g  exper -  

i e n c i n g  more l o s t - c i r c u l a t i o n  and s t u c k - p i p e  ( f o r m a t i o n  c a v i n g  and s l o u g h i n g  

i n t o  w e l l  t h a t  t r a p s  t h e  d r i l l  s t r i n g  o r  BHA) problems than  t h e  deeper h o t  d ry  

r o c k  d r i l l i n g .  The d i r e c t i o n a l - d r i l l i n g  problems a re  n o t  encountered i n  t h e  

Baca hydro thermal  w e l l s  because no az imuth  c o n t r o l  has been r e q u i r e d  the re .  

V I .  DESIGN AND INSTALLATION OF THE PRODUCTION C A S I N G  S T R I N G  

A. Casing Design 
The unexpected ly  h i g h  bot tom-hol  e s t a t i c  r e s e r v o i  r tempera tu re  p o t e n t i  a1 

ach ieved by EE-2 [275OC (55OOF) p r o j e c t e d  vs 320°C (608OF) measured!, t h e  

a c t u a l  DLS, and d e s i r a b i l i t y  o f  sup ress ion  o f  we l lhead growth  d u r i n g  p r o -  

d u c t i o n ,  r e q u i r e d  a rev iew  o f  t h e  EE-3 p r o d u c t i o n  c a s i n g  des ign  and cement ing 

p lan .  The r e s u l t  of t h e  rev iew  was a d e c i s i o n  t o  r e p l a c e  t h e  o r i g i n a l  24.4-cm 

(9-5/8-in.)-o.d., 59.6 kg/m (40  lb,/ft), S-95 and N-80 grades, b u t t r e s s -  

th read-connec t ion  c a s i n g  s t r i n g  w i t h  a heav ie r -we igh t ,  premium-connection, 

h i g h e r  s t r e n g t h  s t e e l  s t r i n g .  T h i s  des ign  change was judged t o  p r o v i d e  a 

g r e a t e r  marg in  a g a i n s t  c o l  1 apse and coup1 i ng-connect i  on f a i  1 u res  , and a 1 onger 

1 i f e  r e 1  a t i  ve t o  wear and c o r r o s i o n .  

The s e l e c t e d  rep lacement ,  a c h o i c e  d i c t a t e d  p a r t l y  by a v a i l a b i l i t y ,  was a 

T h i s  h e a v i e r  cas-  70.0 kg/m (47 lb,/ft), VAM connect ion ,  P-110 grade cas ing .  

i n g  would r e s t r i c t  t o o l s  and b i t s  t o  a 21.6-cm (8-1 /2- in . )  maximum d iameter .  

The change i n  cement ing p l a n  was based upon a two-s tage cement ing proce-  

dure.  A h i g h - s t r e n g t h ,  l ow  p e r m e a b i l i t y ,  and h igh - tempera tu re -cu r ing  cement 

was fo rmu la ted  f o r  t h e  bo t tom 1000 m (3000 f t) ,  as t h e  f i r s t  stage. A s tage  

cement ing v a l v e  (DV t o o l )  was i n c l u d e d  a t  t h e  t o p  o f  t h e  f i r s t  s tage  and a 

second s tage o f  l i g h t e n e d  ( l o w - d e n s i t y )  cement was t o  be p laced  above t h e  

s tage  c o l l a r  (DV t o o l )  and des igned t o  ex tend up t o  a depth  o f  1000 m (3000 

f t) .  T h i s  s t r a t e g y  would p r o v i d e  l a t e r a l  suppor t  and s t a b i l i t y  t o  t h e  upper 

p o r t i o n  of t h e  c a s i n g  i n  t h e  d e v i a t e d  h o l e  s e c t i o n ,  y e t  p r o v i d e  approx ima te l y  
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TABLE X I  

COMPARISON OF RELATIVE PERCENTAGE OF T I M E  REQUIRED TO 
SOLVE V A R I O U S  MAJOR PROBLEMS 

BACA, EE-2, AND EE-3 

Type o f  
Problem Solved 

1. L o s t  c i r c u l a t i o n  

2. Stuck p i p e  

3. T w i s t  o f f  

4. S i d e t r a c k  

5. R i g / F l u i d  Problems 

6. Casing  problems 

7. Cementing Problems 

8. F i s h i n g  & Junk 

9. D i r e c t i o n a l  Problems 

Percentage  o f  Time 
Requi red  t o  So lve  Problem, % 

BACA EE-2 

14. 3 

26. 9 

2. 7 

12. 6 

5. 1 

19. 5 

13. 4 

5. 5 

-- 

6. 9 

- -  

15. 5 

- -  

4. 9 

63.4 
a 

5. 5 

2. 3 

EE-3 
- 

2. 4 
a 

11. 9 

30. 2 

3. 6 
a 

12. 0 

32. 3 

7. 6 

100 100 100 

aLess than  1% 

150 m (500 f t )  o f  exposed open bo reho le  t o  r e l i e v e  any b u i l d u p  of annulus p res -  

sure.  A t e n s i o n  l o a d  of about 40 x 10 N (900 000 l b f )  was des igned t o  p re-  
s t r e t c h  t h e  c a s i n g  s u f f i c i e n t l y  t o  compensate f o r  about o n e - h a l f  of t h e  

expected thermal  growth. The welded and sea led  we l l head  would t h e n  be 

des igned t o  c o n t a i n  t h e  expected thermal  growth w i t h  a hold-down f o r c e  of 

about 20 x 105N (450 000 l b f ) .  F i g u r e s  7 and 1 7  summarize t h e  f i n a l  EE-3 

c a s i n g  c o n f i g u r a t i o n s  and cement ing program. 

B. I n s t a l l a t i o n  of t h e  P r o d u c t i o n  Casing 

1. Summary Chronology. T o t a l  depth was reached on August 7, 1981 (day 

443) and c l e a n i n g  o f  t h e  w e l l b o r e  s t a r t e d  as soon as t h e  l a s t  b i t  r u n  and 

s i n g l e - s h o t  survey were completed. I n i t i a l  c l e a n i n g  o f  t h e  w e l l b o r e  was 

completed on August 8 and t h e  l o g g i n g  o f  t h e  w e l l  began t h a t  same day and 

c o n t i n u e d  i n t o  August 9. The l o g s  were f i n i s h e d  on August 9 and t h e  f i r s t  

T h i s  p l u g  was p l a c e d  t o  p r e v e n t  

5 

Qement p l u g  was p l a c e d  l a t e r  t h a t  same day. 
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TALLY LENGTHS 
8.0' ABOVE 

KELLY BUSHING LANDING BBXBP 18.75' 

39.76' 

36.57' 

40.38' 

179 JOINTS OF 47 Ib/ft, 

V A M  THD CASING 

38.57' 

3.40' 

17.29' 

75 JOINTS OF 47 Ib/ft .  
PllO GRD. 9 5/8"+. 

w/ MILL SCALE REMOVED 
BY SANDBLASTING 

2930.19' VAM THD CASING t 
38.28' 

1.75 ' 

20.97' 

39.30' 

39.54' 

+ 2 33' 

KELLY BUSHING TO GROUND 
LEVEL EQUALS 27' 
TO CASING HEAD EQUALS 24' 

VB E V A M  BOX 

Vp E VAM PIN 

BB H BUTTRESS BOX 

BP 5 BUTTRESS PIN 

, FLOAT 
10,381.96' 

LESS CSG 
10 373.96 ' ABOVE KB - 

DISTANCE'BELOW KB 10,373.96' 

F i g .  17. 
D e t a i l s  o f  9-5/8- in .  c a s i n g  measured depths f rom t a l l y .  

t h e  f i r s t  s tage cement f rom s l i d i n g  down i n t o  t h e  22.2-cm (8 -3 /4 - in . )  d iam 

ho le .  A d d i t i o n a l  l o g s  were run  on August 10 and 11. The second cement p l u g  

( t h e  f i r s t  p l u g  s l  ipped downhole) was p l a c e d  on t h e  August 12 and was a1 lowed 

t o  harden 12 h and was faced  o f f  t o  3170 m (10 400 f t )  on August 13. The 

c a s i n g  t e n s i o n i n g  j a c k s  were i n s t a l l e d  and c a s i n g  r u n - i n  i n i t i a t e d  on August 

14, day 450. The r u n n i n g  o f  t h e  c a s i n g  was completed on t h e  n e x t  day and t h e  

f i r s t  s tage o f  t h e  c a s i n g  cement ing began t h a t  same day and was completed t h e  

n e x t  day, August 16. Whi le  w a i t i n g  on t h e  cement t o  harden, a t empera tu re  69 
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survey  was made. The cas ing  was tens ioned  and s t r e t c h e d  and t h e  second s tage 

The c a s i n g  was a l s o  

landed i n  t h e  we l lhead and c u t  o f f  on day 454. A l l  o p e r a t i o n s  were conducted 

as planned, o p e r a t  i ons  proceeded as scheduled and t h e  c a s i n g  i n s t a l  1 a t  i o n  was 

accomplished i n  an e s s e n t i a l l y  t r o u b l e - f r e e  manner. 

2 .  I n i t i a l  C leaning.  Immedia te ly  a f t e r  d r i l l i n g  stopped, two 12 m (75  

b b l )  gel-mud-sweep p i l l s  were pumped downhole th rough  t h e  BHA and d r i l l  b i t .  

Each ge l  p i l l  c o n s i s t e d  o f  34 sacks o f  b e n t o n i t e  g e l ,  two sacks o f  "Benex" 

po lymer and two sacks o f  c a u s t i c  soda ( t o  r a i s e  t h e  p i l l  pH). Four  hours  

a f t e r  b e i n g  pumped downhole t h e  gel-mud-sweep p i l l s  were c i r c u l a t e d  t o  t h e  

su r face .  

The f l u i d  i n  t h e  open h o l e  C22.2 cm (8-3 /4- in . ) !  s e c t i o n  a t  t h e  bo t tom o f  

t h e  w e l l  was then  d i s p l a c e d  w i t h  a d e t e r g e n t  s o l u t i o n .  T h i s  was made by  

m i x i n g  drums o f  concen t ra ted  d e t e r g e n t  w i t h  f r e s h  w e l l  wa te r  u s i n g  a r a t i o  o f  

0.42 m (110 U.S. g a l )  of d e t e r g e n t  t o  eve ry  16 m (100 b b l s )  o f  f r e s h  water .  

The s o l u t i o n  was p laced  i n  t h e  h o l e  by s e q u e n t i a l l y  pumping 4 m3 (26  b b l s )  o f  

s o l u t i o n ,  p u l l  i n g  t h r e e  s tands [@30 m (90 f t ) ]  o f  d r i l l  p i p e  o u t  o f  t h e  ho le ,  

pumping 4 m3 (26  b b l s )  more o f  t h e  s o l u t i o n ,  p u l l i n g  3 more s tands  o f  d r i l l  

p ipe ,  e t c .  When t h e  b i t  was a t  3350 m ( 1 1  000 f t )  t h e  ba lance o f  t h e  d r i l l  

s t r i n g  was t r i p p e d  ou t .  A new BHA t h a t  i nc luded  s p e c i a l l y  f a b r i c a t e d  bo reho le  

sc rapers  was lowered back downhole. The sc raper  BHA c o n s i s t e d  o f  a 22.2-Cm 

(8 -3 /4 - in . ) -d iam b i t ,  a s h o r t  d r i l l  c o l l a r ,  two m o d i f i e d  s t a b i l i z e r  bod ies  

w i t h  a brazed-on, looped c a b l e  scraper  a t tached  t o  each body. The sc raper  

assembly was pushed t o  t h e  h o l e  bottom. The sc raper  BHA was t h e n  p u l l e d  up 
h o l e  t o  3295 m (10 811 f t )  and then  pushed back t o  t h e  h o l e  bottom, and 102 m3 

(639 b b l s )  of app rox ima te l y  2% d e t e r g e n t  s o l u t i o n  were t h e n  pumped i n t o  t h e  

hole.  The sc raper  BHA was then  t r i p p e d  o u t  o f  t h e  hole.  When on t h e  r i g  

f l o o r ,  it was no ted  t h a t  t h e  sc raper  elements had worn b a d l y  and some had been 

1 e f t  downhole. 

3. Cement P lug  Placement. The Los Alamos tempera ture-survey  t o o l  was 

used t o  de termine t h e  bo reho le  tempera ture  and t o  r e c o r d  tempera ture- recovery  

r a t e s .  

The d r i l l  p i p e  was t r i p p e d  i n  open ended i n  o r d e r  t o  p l a c e  t h e  cement 
3 p l u g  t o  3322 m (10 900 ft). Then 3 m (20  b b l s )  o f  fresh w e l l  wa te r  were 

3 pumped down h o l e  as a cementing p r e f l u s h .  

(16.5 ppg) cemen t - - cons is t i ng  o f  210 sacks o f  c l a s s  H cement, 4.3 m (27  b b l s )  

'of t h e  c a s i n g  cement ing was completed on August 18. 

3 

3 3 

Next 9 m3 (58  b b l s )  o f  1980 kg/m 
3 
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of f resh  water ,  20% s i l i c a  f l o u r ,  20% 100-mesh s i l i c a  sand, 0.75% D-65 t u r b u -  

l e n c e  enhancer, 1.4% L-10 and 2-8% D-28 re ta rde r - -were  mixed and pumped down- 

h o l e  i n  16 min. The cement s l u r r y  was d i s p l a c e d  o u t  o f  t h e  d r i l l  p i p e  by 23.7 

m3 (149 b b l s )  of f resh  water .  The d r i l l  p i p e  was then  p u l l e d  o u t  o f  t h e  h o l e  
and t h e  cement p l u g  was a l l owed  t o  harden f o r  18 h. 

When a m i l l e d - t o o t h - b i t  BHA was t r i p p e d  i n ,  it reached 3287 m (10  783 

f t ) ,  a t  t h e  approx imate l o c a t i o n  o f  t h e  t r a n s i t i o n  between t h e  31.1-cm 

(12-1/4- i n .  ) and 22.2-cm (8-3/4-  i n .  ) -d  iam h o l  es , w i t h o u t  encoun te r ing  t h e  

p lug .  The d r i l l  s t r i n g  was b e l i e v e d  t o  be r e s t i n g  on t h e  h o l e  w a l l  i n  t h e  

t r a n s i t i o n  r e g i o n ,  which meant t h a t  t h e  cement p l u g  had s l i d  toward  t h e  bo t tom 

o f  t h e  h o l e  o r  was mushy and c o u l d n ' t  suppor t  d r i l l - s t r i n g  we igh t .  The BHA 

was k e p t  a t  3287 m (10 783 f t )  and c i r c u l a t e d  f o r  6 h; r e t u r n s  reach ing  t h e  

s u r f a c e  were f i n e  sand. The BHA and d r i l l  p i p e  were then  p u l l e d  o u t  o f  t h e  

w e l l  w h i l e  an a l t e r n a t e  cement p l u g  was fo rmula ted .  Schlumberger was r i g g e d  

up t o  l o g  w i t h  gamma ray ,  compensated f o r m a t i o n  d e n s i t y ,  compensated neu t ron ,  

and one-arm c a l i p e r  t o o l s .  The survey  was run  up  f r om 3290 m (10 800 f t )  t o  

1000 m (3000 f t )  and when t h e  l o g g i n g  t o o l s  reached t h e  s u r f a c e  t h e y  and t h e  

bo t tom 30 m (100 f t )  o f  l o g g i n g  c a b l e  were coated  w i t h  a g ray -g reen-co lo red  

c r u s t  t h a t  con ta ined  cement. Schlumberger then  r a n  a bo reho le  geometry 

( two- independent-arm c a l i p e r  and d ipmete r )  l o g  f rom 2960 m (9500 f t )  up h o l e  

t o  1800 m (5900 f t )  where t h e  t o o l  f a i l e d .  When t h e  bo reho le  geometry t o o l  

reached t h e  s u r f a c e  it was a l s o  coated  w i t h  a g ray -g reen-co lo red  c r u s t  t h a t  

c o n t a i n e d  cement; t h e r e  were a l s o  i n d i c a t i o n s  o f  t h i s  gunk on t h e  bo t tom 460 m 

(1500 f t )  o f  l o g g i n g  cab le .  The c a l i p e r  l o g s  were i n tended  t o  p r o v i d e  d a t a  

f o r  cement-volume c a l c u l a t i o n s .  The neutron-gamma l o g  s u i t e  was p r o v i d e d  t o  

d e t e c t  wa te r  pockets  a f t e r  t h e  cement ing was completed, by use o f  b e f o r e -  

a n d - a f t e r  l o g  comparisons. 

The Los Alamos tempera ture  survey  t o o l  was then  r e r u n  t o  measure temper- 

a t u r e  f rom t h e  s u r f a c e  t o  3290 m (10  800 f t ) .  When a 3290-m (10  8 0 0 - f t )  dep th  

was reached t h e  t o o l  response t o  tempera ture  became i n h i b i t e d  and t o o l  

behav io r  i n d i c a t e d  i t  was i n s u l a t e d  f rom t h e  bo reho le  env i ronment .  The t o o l  

was moved up and down t h e  h o l e  i n  an a t tempt  t o  c l e a n  t h e  t o o l ,  b u t  c l e a n i n g  

d i d n ' t  occur  and t h e  t o o l  was p u l l e d  o u t  o f  t h e  hole.  When t h e  tempera ture  

sonde reached t h e  sur face  it was aga in  found t o  be coated  w i t h  a gray-green 

w a x - l i k e  c r u s t .  The t o o l ' s  t h e r m i s t o r  was c leaned and t h e  t o o l  was run  back 

i n  t h e  h o l e  t o  2230 m (7300 f t )  where it measured a tempera ture- recovery  r a t e  
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o f  4"C/h  (8"F/h).  The t o o l  was then  lowered t o  3260 m (10 700 f t )  where a tem- 

U p e r a t u r e  o f  185°C (370°F) and a recove ry  r a t e  o f  0.5"C/h (0.9"F/h) were 

recorded. The tempera tu re  probe was then  lowered f u r t h e r  downhole t o  sound 

f o r  t h e  cement p lug.  The t o o l  bottomed a t  app rox ima te l y  3295 m (10  810 f t ) .  

When t h e  t o o l  was p u l l e d  o u t  o f  t h e  h o l e  it was aga in  found t o  be h e a v i l y  

coa ted  w i t h  t h e  gray-green waxy gunk. 

The u n c e r t a i n t y  about t h e  competency o f  t h e  p r e v i o u s l y  p l a c e d  cement p l  ug 

d i c t a t e d  t h e  placement o f  a second p l u g  b e f o r e  r u n n i n g  t h e  cas ing.  The d r i l l  

p i p e  was lowered open ended i n t o  t h e  h o l e  t o  3287.9 m (10 787 f t )  where t h e  

s t r i n g  l o s t  20 000 l b s  o f  weight .  (The s t r i n g  was p o s s i b l y  r e s t i n g  on t h e  
3 

f i r s t  cement p l u g ) .  The d r i l l  p i p e  was p u l l e d  up h o l e  3 m (10  f t )  where 8 m 

(50 b b l s )  f r e s h - w a t e r  p r e f l u s h  was pumped downhole. Next 6 m3 (35  b b l s )  o f  

1980 kg/m (16.5 ppg) cement s l u r r y  was mixed and pumped downhole. The s l u r r y  

f o r m u l a t i o n  c o n s i s t e d  o f  144 sacks o f  c l a s s  H cement, 3 m (19  b b l s )  o f  f r e s h  

water ,  40% s i l i c a  f l o u r ,  0.75% t u r b u l e n c e  enhancer, 0.6% L-10 and 1.2% D-28 
3 r e t a r d e r s .  A l i g h t e n e d  1350 kg/m (11.3 ppg) cement s l u r r y  was t h e n  mixed and 

20 m (66  b b l s )  pumped downhole. The 1350 kg/m3 (11.3 ppg) cement s l u r r y  

c o n s i s t e d  o f  126 sacks o f  c l a s s  H cement, 7 m ( 4 3  b b l s )  o f  f r e s h  wa te r ,  7.1 
m3 (252 ft ) of expanded p e r l i t e ,  2% b e n t o n i t e ,  40% s i l i c a  f l o u r ,  0.75% D-65 

t u r b u l e n c e  enhancer, 1% L-10 and 2% D-28 r e t a r d e r s .  A t a i l  o f  0.5 m3 ( 3  b b l s )  

o f  t h e  1980 kg/m (16.5 ppg) cement s l u r r y  was t h e n  pumped downhole as a ha rd  

cap f o r  t h e  1 i gh tened  p lug .  The cement was t h e n  d i s p l a c e d  o u t  o f  t h e  d r i l l  

p i p e  w i t h  2 1  m (132 b b l s )  o f  f r e s h  water.  

A f t e r  a 9-h w a i t ,  t h e  f a c e - o f f  BHA c o n t a c t e d  s t r i n g e r s  a t  3114 m (10  215 

ft), and t h e n  t h e  second cement p l u g  was d r i l l e d  (19-1/2 h a f t e r  p lacement)  

down t o  3170 m (10 400 f t ) .  Two 12 m ( 7 5  b b l s )  gel-mud-sweep p i l l s  were used 

t o  c l e a n  t h e  cement c u t t i n g s  f rom t h e  hole.  A pH = 12.0 was m a i n t a i n e d  i n  t h e  

d r i l l i n g  f l u i d  w h i l e  t h e  ge l  p i l l s  were c i r c u l a t i n g  by adding c a u s t i c  soda. 

4. Running Casing. The BOP s t a c k  was removed f rom t h e  r i g  sub- 

s t r u c t u r e .  Timber s i l l s ,  t h e  s t e e l  suppor t  c r i b b i n g  and c a s i n g  t e n s i o n i n g  

j a c k s  were l o c a t e d  around t h e  wel lhead.  Casing hand1 i n g  and t o r q u e - t u r n  

m o n i t o r i n g  equipment were assembled and i n s t a l l e d  on t h e  d r i l l i n g  r i g .  

The cement ing f l o a t  shoe, f l o a t - v a l v e  c o l l a r ,  s tage  c o l l a r  cement ing t o o l  

( D V  t o o l ) ,  24.4-cm (9-5/8- in . )  c a s i n g  s t r i n g  [70 kg/m (47  l b / f t ) ] ,  and two 

l a n d i n g  j o i n t s  o f  80 kg/m (53.5 l b / f t )  L-80 grade were p i c k e d  up and r u n  i n  

t h e  h o l e  t o  3162.0 m (10 374 f t )  as shown i n  F i g .  15. 

3 

3 

3 

3 

3 

3 

3 

3 
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The f l o a t  shoe, f l o a t  c o l l a r ,  and cement ing s tage  c o l l a r  ( D V  t o o l )  had 

r e c e i v e d  b lack -1  i g h t  end-area and f u l l - d i m e n s i o n a l  i n s p e c t i o n s .  

24.4-cm ( 9 - 5 / 8 - i n . )  c a s i n g  u s e d  i n  t h e  s t r i n g  r e c e i v e d  Amalog I V  (AMF 

Tuboscope) , s p e c i a l  end-area and f u l l - 1  eng th  d r i f t i n g  i n s p e c t  i o n s  and were 

t a l l i e d  and l e n g t h  checked t h r e e  t i m e s  independent ly .  The Va l l ouvec  VAM con- 

n e c t i o n s  were to rqued  t o g e t h e r  a t  18 400 k 2000 N o m  (13  500 k 1500 f t * l b f )  and 

a l l  b u t t r e s s  t h r e a d  connec t ions  were to rqued  t o  midway up t h e  t r i a n g l e  mark o r  

t o  1225 N'm (9000 f t * l b f )  maximum to rque .  

The o n l y  problem encountered was w h i l e  r u n n i n g  c a s i n g  j o i n t  number 262 

when t h e  c a s i n g  s t r i n g  l o s t  weight .  An a t tempt  t o  l i f t  t h e  c a s i n g  s t r i n g  was 

made; 2 x 10 N (450 000 l b f )  p u l l  by t h e  drawworks o n l y  accompl i shed  a s t r e t c h  

o f  t h e  c a s i n g  b y  1.0 m (3.5 f t) .  The c a s i n g  s t r i n g  appeared t o  be r e s t i n g  on 

some t y p e  o f  o b s t r u c t i o n .  A cement ing head was a t t a c h e d  t o  t h e  t o p  o f  t h e  

c a s i n g  s t r i n g  and, u s i n g  t h e  r i g  pumps, t h e  s t r i n g  was e a s i l y  washed t h r o u g h  

t h e  o b s t r u c t i o n .  The rema in ing  j o i n t s  o f  t h e  s t r i n g  were r u n  i n - w i t h o u t  any 

problems. A l l  a v a i l a b l e  24.4-cm (9 -5 /8 - in . )  c a s i n g  was run. 

Once t h e  c a s i n g  was run  i n ,  a s t r e t c h  t e s t  on t h e  c a s i n g  s t r i n g  was con- 

ducted. l b f )  l o a d  ( t h a t  was equal  t o  t h e  

n e t  s t r i n g  we igh t  l e s s  h o l e  f r i c t i o n  b e i n g  suppor ted )  on t h e  r i g ' s  drawworks 

was inc reased  t o  1.93 x 10 N (434 000 l b f )  and r e s u l t e d  i n  o n l y  a 26.7-cm 

(10.5-in.) movement o f  t h e  c a s i n g  o u t  o f  t h e  hole.  A 2.22 x 106N (500 000 

l b f )  p u l l  r e s u l t e d  i n  a t o t a l  c a s i n g  movement o f  60.9 cm (24  i n . ) .  When t h e  
p u l l  f o r c e  was lowered back t o  1.70 x 10 N (380 000 l b f )  t h e  c a s i n g  moved back 

down h o l e  71.1 cm ( 2 8 - i n . ) ,  10.2 cm ( 4 - i n . )  f u r t h e r  i n t o  t h e  h o l e  t h a n  b e f o r e  

t h e  s t r e t c h  t e s t  was s t a r t e d .  

5. Casing Cementing. A f t e r  r i g g i n g  down t h e  c a s i n g - r u n n i n g  hardware, a 
3 cement ing head was i n s t a l l e d  and a 127 m ( 8 0 1  b b l s )  c l e a r - w a t e r  p r e f l u s h  was 

pumped down t h e  cas ing.  The p r e f l u s h  was f r e s h  wa te r  w i t h  a pH o f  12.0. The 

p r e f l u s h  was fo l l owed  b y  3 m (19 b b l s )  o f  a f r e s h  wa te r  spacer w i t h  a pH of  
3 3 7.0 mixed w i t h  1.2% D-28 cement r e t a r d e r .  Next, 13 m ( 8 4  b b l s )  o f  1258 kg/m 

(10.5 ppg) pozzolan scavenger cement s l u r r y  was mixed and pumped down t h e  

cas ing .  The pozzolan cement s l u r r y  c o n s i s t e d  o f  288 sacks o f  pozzolan cement, 
3 8.9 m 

Then t h e  f i r s t  s tage cement ing was per formed by pumping 90.8 m3 (200 

b b l s )  of a 1992 kg/m (16.6 ppg) cement s l u r r y .  T h i s  s l u r r y  had been premixed 

A l l  o f  t h e  @ 

6 

6 3 An i n i t i a l  1.70 x 10 N (379 x 10 

6 

6 

3 

( 5 6  b b l s )  o f  f r e s h  wa te r  and 1.2% D-28 r e t a r d e r .  

3 
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d u r i n g  t h e  p reced ing  4-3/4 h. T h i s  f i r s t - s t a g e - c e m e n t  s l u r r y  formu 

(144 b b l s )  o f  f r e s h  

s i l i c a  f l o u r ,  40% 100 mesh s i l i c a  sand, 2% b e n t o n i t e ,  0.75% D-65 
enhancer, 0.6% L-10 and 1.2% D-28 r e t a r d e r s .  T h i s  volume o f  cemer 

3 @ s i s t e d  o f  950 sacks o f  c l a s s  H cement, 22.9 m 

a t i o n  con- 

water ,  40% 
t u r b u l e n c e  

n 

t ,  90.8 m3 

(50  b b l s ) ,  had been c a l c u l a t e d  t o  be 25% i n  excess o f  t h a t  needed t o  f i l l  t h e  

annulus between t h e  cement-plug shoe and t h e  DV t o o l .  

The w ipe r  p l u g  was then re leased  f rom t h e  cementing head and immedia te ly  

fo l l owed  w i t h  111.6 m (702 b b l s )  o f  d isp lacement  water .  The f i r s t  1.6 m (10 
b b l s )  of t h e  d isp lacement  water  was f r e s h ,  had a pH o f  7, and c o n t a i n e d  1.2% 
D-28 cement r e t a r d e r  mixed i n .  The ba lance o f  t h e  d isp lacement  water  was 

f r e s h  water  w i t h  a pH o f  12.0. The c a l c u l a t e d  d isp lacement  volume needed t o  

d i s p l a c e  a l l  t h e  cement t o  t h e  f l o a t  c o l l a r  was 119.3 m (750 b b l s ) .  However, 

t h e  system pressured up t o  22.8 MPa (3300 p s i )  a t  a volume 7.6 m3 (48 b b l s )  

s h o r t  o f  t h e  d e s i r e d  d isp lacement .  The c a s i n g  p ressu re  was re leased  and 

approx ima te l y  1.6 m (10 b b l s )  of water  f l owed  back o u t  o f  t h e  cas ing .  The 
3 f l o w  stopped, i n d i c a t i n g  t h a t  t h e  f l o a t  was h o l d i n g .  An e s t i m a t e d  6.4 m (40 

b b l s )  of cement a p p a r e n t l y  remained i n  t h e  bo t tom 200 m (650 f t )  o f  cas ing .  

The s t a g e - c o l l a r - o p e n i n g  bomb was dropped and 40 min l a t e r  t h e  s tage  

c o l l a r  (DV t o o l )  was opened by a sur face  p ressu re  o f  8.3 MPa (1200 p s i )  and 

pumping 0.3 m3 (2 b b l s )  o f  pH 12.0 f r e s h  water  down t h e  cas ing.  A f t e r  t h e  

s tage  c o l l a r  opened an a d d i t i o n a l  3 m3 (20 b b l s )  of pH 12.0 f r e s h  wa te r  was 

pumped down t h e  cas ing.  C i r c u l a t i o n  th rough  t h e  s tage  c o l l a r  t hen  began u s i n g  

t h e  r i g  pump and con t inued  u n t i l  cement was d e t e c t e d  i n  r e t u r n s .  C i r c u l a t i o n  

c o n t i n u e d  f u r t h e r  u n t i l  t h e  r e t u r n s  became c l e a r .  Approx ima te l y  25 h a f t e r  
t h e  comp le t i on  o f  c i r c u l a t i o n  th rough  t h e  s tage c o l l a r  a tempera ture  survey  

was run. The t o o l  was r u n  down i n s i d e  t h e  c a s i n g  t o  a ( w i r e l i n e )  depth  o f  
2219.6 m (7282 f t ) ,  c o n f i r m i n g  t h e  l o c a t i o n  o f  t h e  s tage  c o l l a r  bomb b l o c k i n g  

t h e  c a s i n g  i.d. The t o o l  was then  p u l l e d  up t h e  c a s i n g  t o  2217.4 m (7275 f t )  

where a dwe l l  f o r  2 h measured tempera ture  and recove ry  r a t e  o f  138°C (280°F) 
and O.l"C/h (0.05"F/h), r e s p e c t i v e l y .  

A f t e r  w a i t i n g  72 h f o r  t h e  f i r s t - s t a g e  cement t o  s e t ,  t h e  second s tage  

and c a s i n g  t e n s i o n i n g  o p e r a t i o n s  were begun. The c a s i n g  s l i p s  and s l i p s -  

r e s t r a i n i n g  f i x t u r e  were i n s t a l l e d  i n  t h e  c a s i n g  head. Next t h e  h y d r a u l i c  

j a c k  p o w e r - f l u i d  p i p i n g  system and c a s i n g  t e n s i o n i n g  j a c k s  were t e s t e d  ( see  
F ig .  18). A f t e r  t e s t i n g ,  t h e  j a c k s  were c y c l e d  up and down f i v e  t i m e s  t o  

3 3 

3 

3 
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Casing Tensioning Jacks 

2" High Pressure 
15000 psi Test 

31 16" 4) Choke 

c ;I 1 it--Hddni@ 
Blast Joint 2" Plug Valves 2" Check Valve 

(For bleeding 
off pressure) Fracturing Pump 

2 5  

Small High Pressure 

SS Tubing 0 "Heise" High Pressure 
Bourdon Tube 
Pressure Gage ' 

,--- 

F i g .  18. 
Schematic d iagram o f  c a s i n g - j a c k  p o w e r - f l u i d  p i p i n g  system. 

s t r e t c h  t h e  c a s i n g  and work t e n s i o n  down t h e  cas ing.  
t h e  f o l l o w i n g  c a s i n g  s t r e t c h .  

These c y c l e s  r e s u l t e d  i n  

Casing Jack 

C y c l e  No. S t r e t c h ,  m ( f t )  Load, N ( l b f )  

1 
2 

5 

6 2.40 x l o6  (539 ,000)  
2.22 x lo6 (498 ,600)  
2.21 X lo6  [496,7001 

2.84 x 1 0  (639,100)  

0.68 (2.25)  
0.57 (1.9)  
0.57 1.9) 
1.24 4.1) 2.86 x l o 3  643,000 
1.24 (4.1)  

t 
Upon t h e  comp le t i on  o f  c y c l i n g ,  t h e  p r e s s u r e  on t h e  j a c k s  was r e l e a s e d  

and t h e  f u l l  c a s i n g  l o a d  was p l a c e d  on t h e  j a c k  c r o s s  head w i t h  cy1 i n d e r s  i n  
r e t r a c k e d  p o s i t i o n .  Tension r e s u l t i n g  f rom t h e  j a c k  c y c l i n g  was worked down 
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t o  a p p r o x i m a t e l y  1963 m (6440 f t )  and 0.91 m (3 .0 f t )  o f  c a s i n g  s t r e t c h  was 

The second-stage cement ing was preceded by t h e  pumping o f  a 3 m (20  
b b l s ) ,  pH 12.0,  f r esh -wa te r  p r e f l u s h .  (20  

3 b b l s )  pH 7.0 f r e s h - w a t e r  spacer c o n t a i n i n g  2% D-28 r e t a r d e r .  Next 52.5 m 
(383 b b l s )  o f  a 1665 kg/m (14  ppg)  c l a s s  H, p e r l  i t e - 1  i gh tened  cement s l u r r y  

was mixed and pumped down t h e  cas ing ;  30 m (50  b b l s )  were premixed. The 

c l a s s  H p e r l  i t e  s l u r r y  c o n s i s t e d  o f  1200 sacks o f  c l a s s  H cement, 30.4 m (191  
b b l s )  o f  f r e s h  wa te r  premixed w i t h  2% D-28 r e t a r d e r ,  34 m (1200 ft ) o f  

expanded p e r l i t e ,  20% s i l i c a  f l o u r ,  20% 100 mesh s i l i c a  sand, 0.75% D65 t u r b u -  

l e n c e  enhancer, 2% b e n t o n i t e  and 0.2% D-46 a n t i - f o a m  agent.  

The rubber  t o p  w i p e r  p l u g  was t h e n  r e l e a s e d  and d i s p l a c e d  by 82.2 m (517 

b b l s )  o f  pH 11 t o  1 2  f r e s h  water.  A pressu re  o f  21.4 MPa (3100 p s i )  d i s p  ace- 

ment i n d i c a t e d  t h a t  t h e  p l u g  had reached t h e  s tage c o l l a r .  The c a l c u l a t e d  d i s -  

p lacement volume was 84.7 m (533 b b l s ) .  Su r face  p r e s s u r e  was r e l e a s e (  and 

0.7 m3 ( 5  b b l s )  of d isp lacement  water  f l owed  back, b u t  t h e  f l o w  ceased, 

i n d i c a t i n g  t h a t  t h e  s tage c o l l a r  had c losed.  

The c a s i n g - t e n s i o n i n g  j a c k s  were t h e n  a c t i v a t e d  w i t h  72.3 MPa (10 500 
p s i )  and o n l y  n e g l i g i b l e  movement 0.6 cm (1 /4 - in . )  o f  t h e  c a s i n g  occurred.  

Only  one j a c k  c y l i n d e r  had moved and t h e  j a c k s  appeared t o  be b i n d i n g .  The 

problem was s o l v e d  by r e l e a s i n g  p ressu re  on t h e  j a c k s  and c e n t e r i n g  t h e  c a s i n g  

by  pushing t h e  c a s i n g  s l i p s  down i n t o  t h e  c a s i n g  spool .  Then t h e  c a s i n g  

r u n n i n g  s l i p s  on t h e  r i g  were s e t  and t h e  r i g  l i n e  and drawworks were used t o  

p u l l  2.11 x 10 N (475  000 l b f )  on t h e  c a s i n g  w h i l e  r e p r e s s u r i z i n g  t h e  j a c k s .  

T h i s  procedure unbound t h e  j a c k s  and the  j a c k s  and c a s i n g  began moving up. 

Chocks were p laced  between t h e  c a s i n g  l a n d i n g  spool  and t h e  c a s i n g  s l i p s  

r e s t r a i n i n g  f i x t u r e ,  and t h e  r i g  l i n e  and r i g  f l o o r  s l i p s  were s l a c k e d  o f f  and 

re1  eased. 

The j a c k s  were c y c l e d  up and down t h r e e  t i m e s  r e s u l t i n g  i n  t h e  c a s i n g  

b e i n g  s t r e t c h e d  an a d d i t i o n a l  1.55 m (5.1 f t )  f o r  a t o t a l  [ i n c l u d i n g  0.91 m 
(3 .0 ft) of pre-second stage cement ing c a s i n g  s t r e t c h ]  o f  2.47 m (8.1 f t ) .  A 

p r e s s u r e  o f  79.2 MPa (11 500 p s i )  was a p p l i e d  t o  t h e  j a c k s  and r e s u l t e d  i n  a 

f i n a l  t e n s i o n i n g  f o r c e  of 4.02 x 10 N (885 000 l b f )  t h a t  produced a 1.55 m 

(5 .1  f t )  increment o f  c a s i n g  s t r e t c h .  The chocks were p u l l e d  o u t  and t h e  

c a s i n g  s l i p s  were s e t  i n  t h e  c a s i n g  l a n d i n g  spool .  The j a c k s  were lowered and 

o n l y  0.03 m (0 .1  f t )  o f  c a s i n g  s t r e t c h  was l o s t .  

e t a i n e d .  The c a s i n g  s l i p s  were then  s e t  i n  t h e  c a s i n g  head. 
3 

3 The p r e f l u s h  was f o l l o w e d  by a 3 m 

3 
3 

3 
3 3 

3 

3 

6 

6 
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The c a s i n g  r u n - i n  and cement ing procedures and o p e r a t i o n s  occupied 13  

days. The cement was a l l o w e d  t o  s e t  f o r  72 h, t h e  cement was d r i l l e d  o u t  

w i t h o u t  i n c i d e n t  on day 458 and t h e  d r i l l  p i p e  was l a i d  down. A Schlumberger 

cement bond l o g  (CBL) was run  on day 459. Review o f  t h e  CBL has i n d i c a t e d  

t h a t  t h e  l o g g i n g  t o o l  had been i m p r o p e r l y  c e n t r a l i z e d  and t h e r e f o r e  t h e  CBL 

r e s u l t s  a r e  u n r e l i a b l e .  The d e n s i t y  and n e u t r o n  l o g s  show p o s s i b l e  weak 
bonding from 3073 t o  3138 m (10 082 t o  10 296 f t )  w i t h  good bonding elsewhere. 

A second CBL has been recommended b e f o r e  f r a c t u r i n g  o p e r a t i o n s  a r e  i n i t i a t e d .  

Q 

V I I .  COST COMPARISONS 

The d r i l l e d  depth of w e l l  EE-3 (and EE-2) i s  un ique  i n  t h e  development o f  

h igh -g rade  U.S. geothermal resources. The m a j o r i t y  o f  a v a i l a b l e  d r i l l  i n g  and 

c o s t  data a r e  f o r  d r i l l e d  depths o f  3 km (10 000 f t )  o r  l e s s .  The m a j o r i t y  o f  

such d a t a  a r e  f o r  hydrothermal  development d r i l l i n g  and r e p r e s e n t  a d a t a  and 
exper ience  base o f  l e s s  than  100 w e l l s  d r i l l e d  i n  t h e  U.S. p e r  year "  w i t h  

t o t a l  f o o t a g e  ave rag ing  about 180 km (500 000 f t )  p e r  y e a r  and f o r  an average 

dep th  of about 2.2 km (7200 ft). Because f i v e  HDR w e l l s  have now been d r i l l e d  

a t  Fenton H i l l ,  i t  i s  p o s s i b l e  t o  compare t h e s e  w i l d c a t  w e l l  c o s t s  t o  t h e  

exper ience  w i t h  hydrothermal  d r i l l i n g  c o s t s  and t o  p r o j e c t  a " t r o u b l e - f r e e "  

HDR d r i l l i n g  c o s t s  and t o  p r o j e c t  a " t r o u b l e - f r e e "  HDR d r i l l i n g  c o s t  t r e n d  f o r  

Fenton H i l l  c o n d i t i o n s .  

As ano the r  p o i n t  o f  r e f e r e n c e ,  about 2500 geothermal w e l l s  have been 

d r i l l e d  wor ldw ide  and c u r r e n t l y  produce 2500 MW(e) o f  e l e c t r i c i t y  f r o m  163 

h igh -g rade  hydrothermal  f i e l d s .  

A. Comparison Wi th  Hydrothermal D r i l l i n g  Costs 

A r e c e n t  summary by Carson and L i n Z 2  i s  p resen ted  i n  F i g .  19, where t h e  

t o t a l  d r i l l i n g  c o s t  i n  1979 d o l l a r s  i s  p l o t t e d  on a l o g a r i t h m i c  s c a l e  vs w e l l  

depth.  These a r e  t h e  t o t a l  c o s t s  p a i d  t o  t h e  d r i l l i n g  c o n t r a c t o r .  The 

average c o s t  t r e n d  f o r  d r i l l  i n g  U.S. onshore o i l  and gas w e l l s  i s  p l o t t e d  f 6 r  

re fe rence  and i s  no ted  t o  be an e x p o n e n t i a l  f u n c t i o n  o f  depth.  The hydro-  

thermal  d r i l l i n g  c o s t s  range f rom about  2 t o  4 t i m e s  those  f o r  average o i l  and 

gas w e l l s  a t  a comparable depth.  The reasons f o r  t h e s e  inc reased  c o s t s  a r e  

due t o  t h e  h i g h  temperatures,  l o s t - c i r c u l a t i o n  c o n d i t i o n s ,  and h a r d  r o c k s  

encountered i n  most hydrothermal  r e s e r v o i r  areas. The t r e n d  no ted  f o r  t h e  

I m p e r i a l  V a l l e y  d r i l l  i n g  c o s t s  r e f l e c t  m o s t l y  t h e  i n f l u e n c e s  o f  h i g h e r  temper- 

a t u r e s  because t h e  subsurface f o r m a t i o n s  a r e  a sedimentary (sandstone-shal  e )  
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F i g .  19. 
Comparison o f  commercial hyd ro the rma l -we l l  and Fenton H i l l  d r i l l i n g  c o s t s .  

s t r a t i g r a p h i c  sequence more c l o s e l y  r e l a t e d  t o  t h e  rocks  and c o n d i t i o n s  

encountered i n  o i l  and gas w e l l  d r i l l - i n g .  The c o s t s  f o r  HDR d r i l l i n g  a t  

Fenton H i l l  a r e  p l o t t e d  on F i g .  19, a d j u s t e d  t o  1979 d o l l a r s ,  u s i n g  t h e  17% 

p e r  y e a r  e s c a l a t i o n  f a c t o r  o f  Carson and L i n .  The l a r g e  spread no ted  f o r  t h e  

hydrothermal  d r i l l i n g  c o s t s  r e f l e c t  t h e  o f t e n  w i l d c a t  n a t u r e  of  t h i s  t y p e  of  

d r i l l  i n g  and compounding o f  problems due t o  h i g h  temperatures;  i .e., problem 

s o l v i n g  procedures and techn iques  a r e  a d v e r s e l y  a f f e c t e d  by e l e v a t e d  tempera- 
t u r e s .  

F i g u r e  20 i s  a p l o t  o f  d r i l l i n g  c o s t s  f o r  U.S. DOE suppor ted  hydrothermal  

w e l l s  t h a t  was adapted f rom Ref. 23, and on t h e  same sca les ,  f o rma t  and b a s i s  

@ 
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DEPTH (km) 

F i g .  20. 
Comparison o f  DOE-sponsored h y d r o t h e r m a l - w e l l  t o  Fenton H i l l  d r i l l i n g  c o s t s .  

as F i g .  19. Again t h e  a u t h o r s  have a d j u s t e d  c o s t s  t o  1973 d o l l a r s  and pro-  

j e c t e d  an optimum o r  t r o u b l e - f r e e  d r i l l i n g  c o s t  t r e n d .  The €E-2 and EE-3 

c o s t s  a r e  i n c l u d e d  f o r  comparison w i t h  t h e  e x t r a p o l a t e d  dep th  t rends .  

B. E s t i m a t i o n  o f  T r o u b l e - f r e e  Fenton H i l l  D r i l l  i n g  Costs 

It i s  common p r a c t i c e  i n  most d r i l l i n g  s i t u a t i o n s  t o  a t tempt  t o  p r o j e c t  

d r i l l i n g  c o s t s  a f t e r  t h e  exper ience  o f  t h e  f i r s t  few w e l l s  i n  a r e s e r v o i r  area 

has been e s t a b l i s h e d .  The c o s t s  o f  major  problems and exper iments conducted 

i n  t h e  f o u r  deep HDR w e l l s  a t  Fenton H i l l  were a v a i l a b l e  and can be removed 

f rom t h e  t o t a l  d r i l l  i n g  cos ts .  T h i s  was done24 and t h e  r e s u l t s  a r e  t a b u l a t e d  

i n  Tab le  X I I .  I n  t h i s  t a b u l a t i o n  t h e  Fenton H i l l  d r i l l i n g  c o s t s  were 

e s c a l a t e d  t o  1981 by  t h e  17% annual r a t e  suggested by Carson and L i n .  I n  
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r e v i e w i n g  t h e  c o s t s  f o r  EE-3 it shou ld  be recogn ized  t h a t  t h e  d r i l l  

0 i n c l u d e  d i r e c t i o n a l  d r i l l  i n g  w i t h  p r e c i s e  i n c l  i n a t i o n  c o n t r o l  

d i r e c t i o n a l  d r i l l  i n g  c o r r e c t  ions  i n  t h e  deepest,  h o t t e s t  p o r t  i o n  o f  

ng c o s t s  

and t h e  

t h e  we1 1 

r e q u i r e d  t o  keep t h e  w e l l b o r e  t r a j e c t o r y  c l o s e  t o  t h e  N70"E v e r t i c a l  p lane.  

The raw-cost -data r a t i o  i n  Table X I 1  shows t h a t  EE-3 c o s t  about  3.1 t i m e s  a 

comparable-depth o i l  and gas w e l l .  The p r o j e c t i o n  t o  a t r o u b l e - f r e e  w e l l  c o s t  

reduces t h i s  r a t i o  t o  1.9. The t r o u b l e - f r e e  c o s t  p r o j e c t i o n  f o r  EE-3 e l i m -  

i n a t e d  o n l y  t h e  c o s t s  of s o l v i n g  t h e  ma jo r  f i s h i n g  and s i d e t r a c k i n g  problems. 

Any improvements t h a t  m igh t  be expected t o  reduce problems a s s o c i a t e d  w i t h  t h e  

54 (compared t o  30 f o r  E E - 2 )  d i r e c t i o n a l  d r i l l i n g  runs were n o t  i n c l u d e d  i n  

f o r  

a s t  

and 

t h e  c o s t  r e d u c t  i o n  f o r  EE-3. These add it i o n a l  d i r e c t i o n a l  runs account 

t h e  ma jo r  p a r t  o f  t h e  d i f f e r e n c e  no ted  between E E - 2  and EE-3 i n  t h e  

column o f  Tab le  X I I ,  i.e., a r a t i o  o f  1.3  f o r  E E - 2  and 1.9 f o r  EE-3 t o  o i l  

gas w e l l  d r i l l i n g  c o s t s  a t  comparable depths.  

As a n o t e  o f  c a u t i o n ,  i t  shou ld  be made c l e a r  t h a t  d i r e c t  e x t e n s i o n  o f  

Fenton H i l l  d r i l l i n g  c o s t s  t o  o t h e r  areas shou ld  n o t  be at tempted. Overburden 

f o r m a t i o n s ,  c r y s t a l l i n e  rock,  and temperature d i f f e r e n c e s  c o u l d  b i a s  c o s t s  

s i g n i f i c a n t l y ,  e s p e c i a l l y  f o r  a f i r s t ,  o r  w i l d c a t ,  w e l l  i n  a new area. 

V I I I .  CONCLUSIONS 

The c o n t r o l l e d  t r a j e c t o r y  d r i l l i n g  o f  HDR w e l l  EE-3 was accompl ished 

w i t h i n  v e r y  c l o s e  d imensional  t o l e r a n c e s  as s p e c i f i e d  w i t h  r e s p e c t  t o  w e l l  
EE-2.  The v e r t i c a l  spac ing o f  t h e  i n c l i n e d  p o r t i o n  i s  370 f 30 m (1200 k 50 

f t )  and t h e  l a t e r a l  l o c a t i o n  was m a i n t a i n e d  d i r e c t l y  above E E - 2  t o  w i t h i n  2 30 
m ( 2  100 f t ) ,  except  f o r  t h e  bottommost s e c t i o n  t h a t  d r i f t e d  n o r t h  s l i g h t l y  t o  

about a 55 m (180 f t )  o f f s e t  f rom t h e  EE-2 t r a j e c t o r y .  

A l a r g e  number of d r i l l  i n g  problems were s o l v e d  d u r i n g  t h e  d r i l l  i n g  opera- 

t i o n s .  D r i l l  p i p e  and BHA f a i l u r e s  were t h e  most s e r i o u s .  One t w i s t - o f f  

r e q u i r e d  an e x t e n s i v e  f i s h i n g  procedure t h a t  f a i l e d  t o  r e t r i e v e  43 m (140 f t )  

o f  t h e  BHA. Th is ,  i n  t u r n ,  n e c e s s i t a t e d  a s i d e t r a c k i n g  o p e r a t i o n  t h a t  p roved  

t o  be ve ry  l e n g t h y .  T h i s  major  problem occupied n e a r l y  50% o f  t h e  t o t a l  

d r i l l  i n g  t ime. Close m o n i t o r i n g ,  and p r e v e n t i o n  o f ,  c rooked-ho le  c o n d i t i o n s ,  

improved h igh - tempera tu re  l u b r i c i t y  a d d i t i v e s ,  s t r i c t  d r i l l - p i p e  i n s p e c t i o n  

procedures,  and improvements i n  some f i s h i n g  t o o l s  (e.g. h igh - tempera tu re  

w i r e l i n e s  and d e t o n a t o r s  f o r  b a c k - o f f  s h o t s )  shou ld  m in im ize  t h e  impact o f  

such problems i n  f u t u r e  HDR d r i l l i n g  programs. The comp le t i on  o f  t h e  d r i l l i n g  
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T A B L E  X I 1  

FENTON HILL HDR DRILLING COST COMPARISONS~ TO AVERAGE OIL 8 GAS DRILLING c0s-1'~ 

Troub le  F ree  
1981 Well  Cos ts  

l o6$ ,  w i t h  HDR O i l  1 Gab 
T o t a l  ,, Cost ,  l o6$ ,  Cost,  lo6$ Avg, 10 $, R a t i o ,  1981 Exper iments  8 R a t i o  1981 HOR Wel l  Costs 

Fenton  H i l l  Da te  Depth a t  Date  Esca la ted  Esca la ted  t o  Wel l  Costs t o  Ma jo r  Problems w i t h  Ma jo r  Problems & ExPs. 
HDR Well Completed km ( f t )  Completed t o  1981 1981 O i l  & Gas Avg. Removed, Costs Removed, t o  O i l  & Gas Avg 

GT-2 10/1974 2.93 (9620) 1.9 5.2 1.1 5.2 3.3 3.0 

E E - 1  10/1975 3.06 (10,050) 2.3 5.9 1.3 4.5 3.2 

EE-2 5/1983 4.66 (15,290) 7.3 8.5 4.9 1.7 6.3 

2.4 

1.3 

EE-3 8/1981 4.25 (13,930)  11.5 11.5 3.7 3.1 6.9 1.9 

Adapted f rom t h e  a n a l y s i s  o f  Ref.  24. 
Measured depth.  
Us ing  a 17% p e r  y e a r ,  p e r  Ref. 22. ' O i l  & Gas Avg. Costs,  e x t r a p o l a t e d  t o  4.5 km and esca la ted  a t  17% per  year .  



of EE-3 p r o v i d e s  an open-hole r e s e r v o i r  rock  volume o f  1.0 km (3000 f t )  a long  

@the w e l l b o r e  and n e a r l y  580 m (1900 f t )  h o r i z o n t a l  i n  which t o  space t h e  

v e r t i c a l  f r a c t u r e s  o f  t h e  heat  t r a n s f e r / e x t r a c t i o n  system. 
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The au tho rs  thank t h e  many i n d i v i d u a l s  who suppor ted  t h e  E E - 3  d r i l l i n g  

campaign w i t h  t h e i r  e x p e r t i s e ,  and acknowledge t h e  f i r m s  t h a t  p r o v i d e d  t h e  

equipment , ins t rumen ts  , s e r v i c e s ,  and s u p p o r t i n g  personnel .  The s u p e r v i s o r y  

and crew members o f  t h e  B r i n k e r h o f f - S i g n a l  R i g  No. 56 c o n t r i b u t e d  s i g n i f i -  

c a n t l y  t o  t h e  success o f  these d r i l l i n g  ope ra t i ons .  We e s p e c i a l l y  n o t e  w i t h  

a p p r e c i a t i o n  and g r a t i t u d e  t h o s e  compan ies  t h a t  s u p p l  i e d  i n n o v a t i v e  and 

developmenta l  h igh - tempera tu re - ra ted  hardware and t o o l s  f o r  e v a l u a t i o n  and use. 

However, s p e c i f i c  re fe rences  t o  a company, p roduc t  name, s e r v i c e ,  t o o l ,  

o r  equipment i t e m  does n o t  imp ly  approval  o r  recommendation o f  t h e  p roduc t ,  

s e r v i c e  o r  hardware by  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  (Los Alamos N a t i o n a l  

L a b o r a t o r y )  o r  t h e  U.S. Department o f  Energy, t o  t h e  e x c l u s i o n  o f  o t h e r s  t h a t  

may be s u i t a b l e .  
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APPENDIX  A 

DAILY DRILLING LOG FOR EE-3 

A b b r e v i a t i o n s  used: 

BHA 
BOP 
CBL 
DC 
DV t o o l  
HWDP 
KB 
KOP 

D aY 
No. Date 

1 5/22/80 

2 5/23/80 

3 5/2$/80 

4 5/25/80 

5 5/26/80 

6 5/27/80 

7 5/28/80 

8 5/29/80 

9 5/30/80 

bot tom-hole assembly LCM l o s t - c i r c u l a t i o n  m a t e r i a l  
b l  ow-out p r e v e n t e r  POH p u l l  o u t  o f  h o l e  
cement bond l o g  S i i  Smi th  I n t e r n a t i o n a l  , Inc .  
d r i l l  c o l l a r  SLM s t rapped  1 inear.  measurement 
cement ing s tage v a l v e  TD t o t a l  depth 
Hevi  -Wate d r i  11 p i p e  T I H  t r i p  i n t o  h o l e  
Kel  l y  Bushing WOC w a i t i n g  on cement 
k i c k - o f  f po i  n t  

Measured 
Depth Hol e / B i  t Days 

A t  2400 h S i  ze Footage 
( f t )  ( i n . )  ( f t  ) Remar k s  

141 

480 

642 

865 

989 

1158 

1348 

1559 

1696 

26 

26 

26 

26 

26 

26 

26 

26 

26 

141 

339 

162 

223 

124 

169 

190 

211 

137 

Spudded E E - 3 ,  d r i l l i n g  ahead 
no problems, 26 - in .  ho le .  

D r i l l i n g  ahead, 26 - in .  ho le .  

C i  r c u l  a t i o n  1 o s t  whi 1 e 
d r i l l i n g  a t  540 ft. Mixed 
LCM t o  r e g a i n  c i r c u l a t i o n .  

P a r t i a l  c i r c u l a t i o n  l o s s  a t  
830 ft, Quick-Seal  P i l l  
a l l e v i a t e d  problem. 

D r i l l i n g  ahead, changed t o  
B i t  No. 2 ( b u t t o n  t y p e ) .  

D r i l l i n g  ahead, changed t o  
t o o t h e d  b i t ,  B i t  No. 3. 

D r i l l i n g  ahead, 1-112" o f f  
v e r t i c a l  . 
D r i l l i n g  ahead, p e n e t r a t e d  
Madera fo rma t ion .  

D r i l l i n g  ahead, r e r u n  B i t  No. 
2 ( b u t t o n  b i t ) .  

Q 
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D aY 
No. Date 

10 5/31/80 

11 6/1/80 

12 6/2/80 

13 6/3/80 

14 6/4/80 

15 6/5/80 

16 6/6/80 

1 7  6/7/80 

18 6/8/80 

19 6/9/80 

20 6/10/80 

A P P E N D I X  A ( c o n t . )  

Measured 
Depth Hol e /B i  t Days 

A t  2400 h S i z e  Footage 
( f t )  ( i n . )  ( f t )  Rema r ks  

1872 

1923 

1923 

1923 

1923 

1472 

1472 

1775 

1775 

26 

26 

26 

26 

26 

26 

26 

26 

26 

176 

51 

0 

0 

0 

-451 

0 

303 

0 

D r i  11 i ng ahead, ho l  e 
c o n d i t i o n s  s t a b l e .  

L o s t  c i r c u  1 a t  i on, d r i  1 1 ed 
i n t o  cavern,  h i t  b r i d g e  a t  
480 ft. Regained r e t u r n s  
w h i l e  washing t o  bottom. 

D r i  11 ed th rough  b r i d g e  and 
reopened ho le ,  t o  505 ft., 
severe o b s t r u c t i o n .  

L o s t  r e t u r n s  a t  1894 f t  w h i l e  
reaming t o  bottom. Set 
cement p l u g  a t  TD (500 sacks) .  

P1 ug n o t  s u c c e s s f u l  , h i t  
b r i d g e  a t  458 f t ,  washed and 
reamed t o  TD. 

Washed and reamed t o  1792 f t ,  
s e t  second p l u g  (500 sacks o f  
cement). 

H i t  b r i d g e  a t  439 f t ,  washed 
t o  459 f t  w i t h o u t  r e t u r n s .  
Ran d r i l l  p i p e  t o  1492 ft. 
Ran temperature l og .  
Regained p a r t i a l  r e t u r n s .  

Cor rec ted  u n s t a b l e  h o l e  and 
d r i l l e d  cement t o  1775 f t .  

W a i t i n g  on c a s i n g  crews and 
c i r c u l a t i n g ,  h o l e  c o n d i t i o n s  
s tab1  e. 

Set  20- in .  Casing a t  1 5 8 0 - f t  KB 

1710 26 -65 Ran 20- in .  c a s i n g  t o  1580 f t ,  
p r e p a r i n g  t o  cement. SLM 
1710 ft. 

1710 26 0 Cemented 20- in .  c a s i n g  w i t h  
2400 sacks t h r o u g h  shoe, 500 
sacks down annulus.  
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APPENDIX A ( con t . )  

Mea s u r e d  
Depth Hol e /B i  t Days 

Day A t  2400 h S i z e  Footage 
No. Date ( f t )  ( i n . )  ( f t )  Remarks - 

21 6/11/80 1710 20 0 Put 150 a d d i t i o n a l  sacks o f  
cement i n t o  annulus (3050 
sacks t o t a l  ) .  

22 6/12/80 1989 17-1/2 279 D r i l l e d  cement and shoe t o  
1860 f t ,  l o s t  c i r c u l a t i o n ,  
d r i l l e d  t o  TD w i t h o u t  
c i r c u l a t i o n .  

23 6/13/80 1989 

24 6/14/80 2141 

17-1/2 0 Attempted t o  cement l e a k ,  
2500 sacks o f  cement pumped 
down. 

17-1/2 152 D r i l l e d  cement f rom 1825 f t 
t o  1930 f t ,  l o s t  c i r c u l a t i o n ,  
no cement f r o m  1930 f t  t o  
1989 f t .  

25 6/15/80 2298 17-1/2 157 D r i l l e d  t o  TD w i t h o u t  
r e t u r n s ,  d e p l e t e d  o n - s i t e  
water .  

26 6/16/80 2298 17-1/2 0 No d r i l l i n g ,  w a i t i n g  on water .  

27 6/17/80 2407 17-1/2 109 D r i l l e d  t o  TD w i t h o u t  
r e t u r n s ,  t a g  g r a n i t e  a t  2404 
f t .  

28 6/18/80 2407 17-1/2 0 No d r i l l i n q ,  w a i t i n g  on water .  

29 6/19/80 2538 17-1/2 131 D r i l l i n g  ahead w i t h o u t  
r e t u r n s .  

Set  13-3 /8- in .  Casing a t  2 5 5 2 - f t  KB 

30 6/20/80 2566 17-1/2 28 D r i l l e d  t o  TD, c o n d i t i o n e d  
h o l e  f o r  13-3/8- in .  cas ing.  

31  6/21/80 2566 17-112 0 Ran c a s i n g  t o  2552 ft , 
cemented c a s i n g  i n t o  g r a n i t e  
(200 sacks) .  

32 6/22/80 2566 17-1/2 0 W a i t i n g  on cement. 

8 33 6/23/80 2566 17-1/2 0 W a i t i n g  on c a s i n g  j a c k s .  
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D aY 
No. Date - 

34 6/24/80 

35 6/25/80 

36 6/26/80 

37 6/27/80 

38 6/28/80 

39 6/29/80 

40 6/30/80 

41 7/1/80 

42 7/2/80 

43 7/3/80 

44 7/4/80 

45 7/5/80 

46 7/6/80 

47 7/7/80 

48 7/8/80 

49 7/9/80 

63 

Mea s u r e d  
Depth 

A t  2400 h 
( f t )  

2566 

2566 

2566 

2566 

2566 

2566 

2640 

2882 

3032 

3237 

3445 

~ 3538 

3666 

3734 

3779 

3965 

A P P E N D I X  A ( c o n t . )  

Hol e /B i  t Days 
S i  ze Footage 
( i n . )  ( f t  1 

17-112 

17-112 

17-112 

17-112 

17-112 

12-114 

12-114 

12-114 

12-114 

12-114 

12-114 

12-1/4 

12-114 

12-114 

12-114 

12-114 

0 

0 

0 

0 

0 

0 

74 

242 

150 

205 

208 

93 

128 

68 

45 

186 

Rema r k s 

W a i t i n g  on c a s i n g  j a c k s .  

W a i t i n g  on c a s i n g  j a c k s .  

W a i t i n g  on c a s i n g  j a c k s .  

W a i t i n g  on 13-3/8-in. c a s i n g  
s l i p s ,  j a c k s  f i n a l l y  on hand. 

Casing was tens ioned  t o  725 
000 l b f  and 1000 sacks cement 
pumped th rough  DV t o o l .  

Rigged BOP, d r i l l e d  o u t  shoe. 

D r i l l i n g  ahead i n  p i n k  
g r a n i t e .  

D r i l l i n g  ahead, 1-112" o f f  
v e r t i c a l  . 
D r i l l i n g  ahead, 10 f t / h .  

D r i l l i n g  ahead. 

D r i l l i n g  ahead. 

D r i l l i n g  ahead, 2-1/4" o f f  
v e r t i c a l .  

Dri.11 i n g  ahead, b roke  
s l i c k l i n e ,  h o l e  t r e n d i n g  
nor thwest .  

Tw is ted  o f f  between 5 t h  and 
6 t h  d r i l l  c o l l a r ,  f i s h e d  o u t  
OK. 

Washed o u t  i n  a monel, B i t  
No. 12, h o l e  3-1/4" o f f  
v e r t i c a l .  

D r i l l i n g  ahead, h o l e  now 
4-314" nor thwest .  
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D aY 
No. Date 

50 7/10/80 

51 7/11/80 

52 7/12/80 

53  7/13/80 

54 7/14/80 

55 7/15/80 

56 7/16/80 

57 7/17/80 

58 7/18/80 

59 7/19/80 

60 7/20/80 

61 7/21/80 

62 7/22/80 

Measured 
Depth 

A t  2400 h 
( f t )  

4079 

4298 

4358 

4485 

4610 

4760 

4890 

5120 

5248 

5420 

5538 

5737 

6205 

63  7/23/80 6334 

64 7/24/80 6444 
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APPENDIX  A ( con t . )  

Q 
Hol e /B i  t Days 

S i z e  Footage 
( i n . )  ( f t )  Remarks 

12-1/4 114 D r i l l i n g  ahead, washout i n  

12-1/4 219 D r i l l i n g  ahead, h o l e  4-1/4" 

DC, i n  w i t h  B i t  No. 14. 

o f f  v e r t i c a l  nor thwest .  

12-1/4 60 Pump p ressu re  l o s s ,  c o u l d  n o t  
f i n d  t h e  washout. I n s p e c t  
BHA. 

12-1/4 127 Found washout i n  HWDP, 
resumed d r i l l i n g .  

12-1/4 125 Washout de tec ted ,  removed 
t h r e e  d r i l l  c o l l a r s  and 
d i sca rded .  

12-1/4 150 D r i l l i n g  ahead, h o l e  5" o f f  
v e r t i c a l  . 

12-1/4 130 D r i l l i n g  ahead 7-8 f t / h .  

12-1/4 230 D r i l l i n g  ahead. 

12-1/4 128 Washout de tec ted ,  h o l e  6"  o f f  
v e r t i c a l  . 

12-1/4 172 Another washout, r e p l a c e d  a l l  
6-3/4- in .  DC w i t h  8 - i n .  

12-1/4 118 Another washout i n  8 - i n .  DC 
and HWDP, h o l e  i s  7" o f f  
v e r t i c a l  toward no r thwes t .  

12-1/4 199 D r i l l i n g  ahead a t  14.5 f t / h .  

12-1/4 468 D r i l l i n g  ahead i n  w h i t e  
f e l d s p a r  and b i o t i t e  a t  24 
f t / h .  

12-1/4 129 D r i l l i n g  ahead, gy ro  survey,  
h o l e  8-9" nor thwes t  a t  bottom. 

12-1/4 110 T w i s t  o f f ,  d r i l l  c o l l a r  
f a i l u r e ,  recovered O K .  



D aY 
No. Date 

65 7/25/80 

66 7/26/80 

67 7/27/80 

6 8  7/28/80 

69 7/29/80 

70 7/30/80 

7 1  7/31/80 

72 8 /1 /80  

73 8 /2 /80  

74 8 /3 /80  

75 8 /4 /80  

76 8 /5 /80  

77 8/6/80 

Hol e /B i  t 
S i z e  
( i n . )  Remarks 

6444 

6512 

6618 

6668 

6710 

6710 

6764 

6809 

6903 

7017 

7114 

7179 

7269 

7269 

12-114 

12-114 

12-114 

12-114 

12-114 

12-114 

12-114 

12-114 
u 

12-114 

12-114 

12-114 

12-114 

12-114 

12-114 

0 

6 8  

106 

50 

42 

0 

54 

45 

94 

114 

97 

'65 

90 

0 

KOP,  p r e p a r a t i o n  f o r  
d i r e c t i o n a l  r u n  t o  t u r n  h o l e  
t o  no r theas t .  

Motor  run,  d r i  11 i ng s l o w l y  as 
motor  s t a l l s  e a s i l y .  

Motor  run,  d r i  11 i ng s l o w l y ,  
t r o u b l e  o r i e n t i n g  t o o l  face.  

C a n ' t  o r i e n t  downhole motor  
w i t h  s i n g l e  shot ,  reamed f rom 
6440 f t  t o  6649 f t ,  ang le  14" 
o f f  v e r t i c a l .  

Motor  run,  w a i t i n g  on 
S c i e n t  i f i c D r i  1 1 i ng I s " E Y E "  
t o o l .  

Motor  run,  w a i t i n g  on E Y E  
t o o l .  

Motor  r u n  w i t h  E Y E  t o o l ,  5 
f t / h .  

Motor  run  w i t h  Dyna-Dri  11 , 
h o l e  i s  t u r n i n g  toward  
n o r t h e a s t .  

Motor  run,  reaming, and 
r o t a r y  d r i l l i n g .  

Motor  run,  h o l e  t u r n e d  t o  
N4"E. 

Motor  run. 

Reamed t o  bo t tom and r o t a r y  
d r i l l e d  t o  TD. 

Motor  run,  Baker motor ,  5-10 
f t l h .  

Motor  damaged w h i l e  TIH, 
w a i t i n g  on new motors.  
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APPENDIX  A ( con t . )  

D aY 
No. Date 

79 8 /8 /80  

80 8 /9 /80  

81 8/10/80 

82 8/11/80 

83 8/12/80 

84 8/13/80 

85 8 /14/80  

86 8 /15/80  

87 8/16/80 

88 8/17/80 

89 8/18/80 

90 8/19/80 

91 8/20/80 

92 8 /21/80  

93  8 /22/80  

94 8/23/80 

95 8/24/80 

Mea s u r e d  
Depth 

A t  2400 h 
( f t )  

7334 

7337 

7427 

7482 

7542 

7542 

7542 

7542 

7542 

7542 

7542 

7542 

7677 

7845 

7845 

7845 

7856 

Hol e /B i  t Days 
S i z e  Footage 
( i n . )  ( f t )  Rema r k s 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

65 

3 

90 

55 

60 

0 

0 

0 

0 

0 

0 

0 

135 

168 

0 

0 

11 

Motor  run ,  N a v i d r i l l  , same 
d i f f i c u l t y  g e t t i n g  t o  TD. 

B i t  damaged and washout, run  
magnet t o  check f o r  j unk .  
Some smal l  p ieces .  

Motor run. 

Motor run ,  end o f  d i r e c t i o n a l  
d r i  11 i n g .  

Ream and r o t a r y  d r i l l .  

La,y down d r i l l p i p e  f o r  
i n s p e c t i o n .  Repai r  drawworks 
and i n s p e c t  p ipe .  

No d r i  11 i n g ,  r e p a i  r drawworks 
and i n s p e c t  p ipe .  

No d r i  11 i n g ,  r e p a i r  drawworks 
and i nspec t  p i  pe. 

No d r i l l i n g ,  r e p a i r  drawworks 
and i n s p e c t  p ipe .  

No d r i l l i n g ,  r e p a i r  drawworks 
and i n s p e c t  p i  pe. 

No d r i l l i n g ,  r e p a i r  drawworks. 

T I H  t o  resume d r i l l i n g .  

D r i l l i n g  ahead. 

D r i  11 i ng, p repare  f o r  
d i r e c t i o n a l  run. 

W a i t i n g  on downhole motors.  

At tempted motor  run ,  problem 
w i t h  EYE t o o l .  

63 Motor  t e s t ,  S i i  t u r b i n e ,  
problem w i t h  EYE t o o l .  
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D aY 
No. Date 
- 

96 8/25/80 

97 8/26/80 

98 8/27/80 

99 8/28/80 

100 8/29/80 

101 8/30/80 

102 8/31/80 

103 9/1/80 

104 9/2/80 

105 9/3/80 

106 9/4/80 

107 9/5/80 

108 9/6/80 

109 9/7/80 

110 9/8/80 

111 9/9/80 

Mea s u r e d  
Depth 

A t  2400 h 
( f t )  

7863 

7905 

7940 

8052 

806 1 

8067 

8159 

8230 

8265 

8265 

8407 

8407 

8453 

8624 

8727 

882 7 

APPENDIX  A (con t . )  

Hol e /B i  t Days 
S i z e  Footage 
( i n . )  ( f t  1 Remarks 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

7 

42 

35 

112 

9 

6 

92 

7 1  

35 

0 

142 

0 

46 

171 

103 

100 

Reamed t o  bottom, problem 
w i t h  E Y E  t o o l .  

Motor  run ,  i n t e r m i t t e n t  
problem w i t h  EYE t o o l .  

Motor  run. 

Motor  run,  t i g h t  ho le .  

Ream and motor  run. H igh  
to rque ,  hav ing  t r o u b l e  
o r i e n t i n g  motor .  

Ream and r o t a r y  d r i l l .  

Motor  run,  problem w i t h  
o r i e n t i n g  motor .  

Motor  run,  p l  ugged motor .  

Motor  run,  problem w i t h  EYE 
t o o l .  

Ream and r i g  f o r  r o t a r y  
d r i l l  i n g .  

D r i l l i n g  ahead, washout 
suspected. 

S i i  t u r b i n e  t e s t ,  w o n ' t  d r i l l .  

H i t  b r i d g e  a t  7140 ft. Ream 
w i t h  S i i  t u r b i n e  7140 t o  7230 
ft. Ro ta ry  d r i l l .  

D r i l l i n g  ahead. 

D r i  11 i ng ahead. 

T w i s t  o f f  a t  DC, hooked f i s h .  
SLM 8827 f t  KB. 
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APPENDIX  A ( c o n t . )  

D aY 
No. Date - 

112 9/10/80 

113 9/11/80 

114 9/12/80 

115 9/13/80 

116 9/14/80 

117 9/15/80 

118 9/16/80 

119 9/17/80 

120 9/18/80 

121 9/19/80 

122 9/20/80 

123 9/21/80 

124 9/22/80 

125 9/23/80 

126 9/24/80 

127 9/25/80 

128 9/26/80 

129 9/27/80 

Mea s u r e d  
Depth 

A t  2400 h 
( f t )  

8827 

8925 

8942 

9113 

9190 

9234 

9348 

9453 

9547 

9662 

9728 

9822 

9850 

9879 

9879 

9924 

9924 

9987 

Hol e /B i  t 
S i  ze 
( i n . )  

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

Da.Y S 
Footage 

( f t )  

0 

98 

17 

1 7 1  

77 

44 

114 

105 

94 

115 

66 

94 

28 

29 

0 

45 

0 

63 

Remarks 

POH w i t h  f i s h ,  t r y  Sandia 
S t r a t a p a x  b i t ,  0.d. t o o  l a r g e  
f o r  cas ing .  

D r i l l i n g  ahead. 

D r i  11 i ng ahead, 1 a y i  ng down 
p i p e  f o r  ha rd  banding. 

D r i  11 i ng ahead. 

D r i l l i n g  ahead, change b i t  
and ream t o  bottom. 

D r i l l i n g  ahead, t i g h t  h o l e ,  
s t u c k  i n  h o l e  2 h. 

Reamed t o  bottom, d r i l l i n g  
ahead. 

D r i l l i n g  ahead. 

D r i l l i n g  ahead. 

D r i l l i n g  ahead. 

D r i l l i n g  ahead. 

D r i l l i n g  ahead, c a l l e d  o u t  
d i r e c t i o n a l  d r i l l i n g .  

D r i l l i n g  ahead, r i g  f o r  motor  
run. 

Motor  run ,  problem w i t h  motor.  

F i s h  s l i p  hand le  f rom ho le .  

S1 ough i  ng, p o s s i b l e  1 eak i n 
13-3/8- in .  casing.  

Leak stopped. 

S loughing,  s o f t  f o r m a t i o n  a t  
TD . 
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D aY 
No. Date 

130 9/28/80 

131 9/29/80 

132 9/30/80 

133 10/1/80 

134 10/2/80 

135 10/3 /80  

136 10/4/80 

137 10/5 /80  

138 10/6/80 

139 10/7/80 

140 10/8/80 

141 10/9 /80  

142 10/10/80 

143  10/11/80 

144 10/12/80 

145 10/13/80 

146 10/14/80 

Mea s u red  
Depth 

A t  2400 h 
( f t )  

9987 

9987 

9987 

9987 

10 017 

10 017 

10 017 

10 017 

10 116 

10 116 

10 123 

10 150 

10 261 

10 303 

10 334 

10 369 

10 378 

10 417 

10 417 

APPENDIX  A ( c o n t . )  

Hol e /B i  t Days 
S i z e  Footage 
( i n . )  ( f t )  Remarks 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

0 

0 

0 

0 

30 

0 

0 

0 

99 

0 

7 

27 

111 

42 

31 

35 

9 

39 

0 

W a i t i n g  on t u r b i n e s .  

W a i t i n g  on t u r b i n e s ,  d r e d g i n g  
rese rve  p i t .  

W a i t i n g  on t u r b i n e s .  

W a i t i n g  on t u r b i n e s ,  l o s t  
c i r c u l a t i o n  zone a t  TD. 

D r i l l i n g ,  w a i t i n g  on 
t u r b i n e s ,  l o s t  c i r c u l a t i o n  
zone a t  TD, r a n  LCM sweeps. 

Ran bond l o g .  

At tempted S i i  D y n a - D r i l l  
t u r b i n e  run,  p o s s i b l e  washout. 

W a i t i n g  on Maurer t u r b i n e s .  

Tu rb ine  run. 

Reamed d i  r e c t i  onal  ho le .  

Tu rb ine  run,  motor  l o c k e d  up, 

Tu rb ine  run ,  i n t e r m i t t e n t  
water 1 osses. 

Tu rb ine  run,  h o l e  now a t  27" 
f rom v e r t i c a l .  

D r i l l i n g  ahead, ream t o  
bottom. 

Tu rb ine  run,  problem w i t h  EYE 
t o o l .  

Reamed t o  TD, t u r b i n e  run.  

Tu rb ine  run, EYE t o o l  s tuck .  

Tu rb ine  run, EYE t o o l  r e p a i r .  

W a i t i n g  on EYE t o o l  r e p a i r .  
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A P P E N D I X  A ( con t . )  

D aY 
No. 
- 

149 

150 

151 

152 

153 

154 

155 

156 

157 

155 

159 

160 

161 

162 

163 

164 

165 

Date 

10/ 17/80 

10/ 18/80 

1 O /  19/ 80 

10/20/80 

10/21/80 

10/22/80 

10/23/80 

10/24/80 

10/25/80 

10/26/80 

10/27/80 

10/28/80 

10/29/80 

10/30/80 

10/31/80 

11/1 /80  

11/2/80 

Measured 
Depth 

A t  2400 h 
( f t )  

10 417 

10 417 

10 417 

10 417 

10 417 

10 417 

10 417 

10 463 

10 463 

10 505 

10  528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

Hol e /B i  t Days 
S i  ze Footage 
( i n . )  ( f t )  Remarks 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

0 

0 

0 

0 

0 

0 

0 

46 

0 

42 

23 

0 

0 

0 

0 

0 

0 

Reamed t o  TD, h o l e  ve ry  t i g h t .  

Reaming, t w i s t  o f f  a t  
m i d - s t r i  ng, f i s h i n g .  

P a r t  o f  l o s t  s t r i n g  f i s h e d  
ou t .  

F i s h i n g ,  no l u c k .  

F i s h i n g ,  no l uck .  

P u l l e d  o u t  f i s h ,  reamed t o  TD. 

At tempted t u r b i n e  run,  EYE 
t o o l  problems. 

Tu rb ine  run ,  new EYE t o o l .  

Reamed t o  TD. 

T u r b i  ne and r o t a r y  d r i  11 i ng. 

Ro ta ry  d r i l l i n g ,  problem w i t h  
t i g h t  h o l e  and tu rbo .  

Reaming, t w i s t  o f f  a t  7070 
f t ,  f i s h i n g .  

W a i t i n g  on w i  r e 1  i ne and 
b a c k - o f f  t o o l  s. 

At tempted b a c k o f f  a t  10 405 
ft, no luck .  

Back -o f f  sho t  g o t  1 /2  j a r  and 
some s t r i n g .  

B a c k - o f f  sho t  g o t  e v e r y t h i n g  
down t o  c o l l a r s .  

P ipe  p u l l e d  i n  two. K e l l y  
wedged i n  r o t a r y  t a b l e ,  
broke, and was l o s t  i n  ho le .  
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APPENDIX  A ( c o n t . )  

D aY 
No. Date 
- 

166 11/3/80 

167 11/4/80 

168 11/5 /80  

169 11/6/80 

170 11/7/80 

171 11/8 /80  

172 11/9 /80  

173 11/10/80 

174 11/11/80 

175 11/12/80 

176 11/13/80 

177 11/14/80 

178 11/15/80 

179 11/16/80 

63 

Measured 
Depth 

A t  2400 h 
( f t )  

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

Hol e /B i  t Days 
S ize  Footage 
( i n . )  ( f t )  Rernar ks  

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

R i g  up t o  t r y  t o  b a c k - o f f  
K e l l e y  f i s h .  Backed o f f  and 
p u l l e d  36 j o i n t s .  

J a r r i n g  on upper f i s h ,  no 
good, t h r e e  f i s h  i n  ho le .  

F i v e  j o i n t s  o f  d r i l l  p i p e  
backed o f f  and ou t .  

F i f t e e n  and one h a l f  j o i n t s  
o f  d r i l l  p i p e  backed o f f  and 
ou t .  
F i v e  j o i n t s  o f  d r i l l  p i p e  
backed o f f  and out .  

J a r r i n g  moved f i s h  8 ft. 
J a r r e d  d r i l l  p i p e  i n  two 
below screw- in  sub. 

Seventeen f o o t  p i e c e  o f  d r i l l  
p i p e  f i s h e d  ou t .  

Los t  j a r s  and d r i l l  c o l l a r s ,  
f i s h  No. 4. A c c e l e r a t o r  
p a r t e d  . 
J a r r i n g .  Run b a c k - o f f  sho t .  

F i s h  No. 4 p u l l e d ,  f i s h  No. 3 
hooked and s t a r t e d  ou t .  

Removed f i s h  No. 3 ,  worked on 
No. 2. 

F i s h i n g ,  no l u c k ,  f i s h  
b locked  on i n s i d e  by p i e c e  o f  
meta l .  

F i s h i n g ,  w a i t i n g  on washover 
and c u t t e r  t o o l s .  

F i s h i n g ,  unsuccess fu l  
washover t ry .  Us ing  o u t s i d e  
c u t t e r .  
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APPENDIX A ( con t . )  

D aY 
No. Date 
- 

180 11/17/80 

181 11/18/80 

182 11/19/80 

183 11/20/80 

184 11/21/80 

185 11/22/80 

186 11/23/80 

187 11/24/80 

188 11/25/80 

189 11/26/80 

190 11/27/80 

191 11/28/80 

192 11/29/80 

193 11/30/80 

194 12/1/80 

195 12/2/80 

196 12/3/80 

Measured 
Depth 

A t  2400 h 
( f t )  

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

Hol e /B i  t Days 
S i z e  Footage 
( i n . )  ( f t )  

1 2 -,l / 4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Rerna r k s 

F i s h i n g ,  c u t  and removed 
1-1/2 j o i n t s  d r i l l  p ipe .  

Backed o f f  and p u l l e d  1-1/2 
j o i  n t  s . 
Backed o f f  a t  9180 ft. 

P u l l e d  back o f f  s e c t i o n ,  r a n  
c a s i n g  c a l i p e r .  

P icked up 4 - 1 / 2 - i n .  d r i l l  
p ipe .  

Ran swage run i n t o  13 -3 /8 - in .  
cas ing .  P icked up more 
4-1/2- in .  d r i l l  p ipe .  

Hooked f i s h  a t  9180 f t ,  c o u l d  
n o t  p u l l .  

L o s t  p a r t  o f  b a c k - o f f  t o o l .  
B a c k - o f f  p i p e  a t  9229. 

Removed f i s h  and back-of f  
t o o l  t o  9229 f t ,  t w i s t e d  o f f  
3550 ft. 

Backed o f f  a t  10 150 f t .  

T r i p p e d  o u t  f i s h .  

I n s p e c t  and s t r a i g h t e n  p ipe .  

P i c k  up d r i l l  p ipe .  

F i s h i n g  a t  10 180 f t .  

F i s h i n g  a t  10 180 f t ,  
unsuccessfu l  b a c k - o f f s .  

F i s h i n g  a t  10 180 ft. 

P u l l e d  ou t  a l l  b u t  140 f t  o f  
f i s h .  
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D aY 
No. Date 

197 12/4/80 

198 12/5/80 

199 12/6/80 

200 12/7/80 

201 12/8/80 

202 12/9/80 

203 12/10/80 

204 12/11/80 

205 12/12/80 

206 12/13/80 

207 12/14/80 

208 12/15/80 

209 12/16/80 

210 12/17/80 

211 12/18/80 

212 12/19/80 

213 12/20/80 

214 12/21/80 

215 12/22/80 

16 12/23/80 

Measured 
Depth 

A t  2400 h 
( f t )  

10 528 

10 528 

1 0  528 

10 528 

1 0  528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

10 528 

9738 

9738 

9770 

9188 

9494 

9786 

Hol e /B i  t 
S i z e  
( i n . )  

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

A P P E N D I X  4 ( c o n t . )  

Days 
Footage 

( f t )  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12-1/4 0 

12-1/4 0 

12-1/4 0 

12 -1 /4  - 790 

12-1/4 0 

12-1/4 32 

12-1/4 -582 

12-1/4 306 

12-1/4 292 

Remarks 

I n s p e c t i n g  p ipe .  

I n s p e c t i n g  p ipe .  

F i s h i n g ,  moved f i s h  up 5 f t .  

F i s h i n g .  

F i s h i n g  a t  1 0  338 f t ,  no l u c k .  

F i s h i n g  a t  10 338 f t ,  no l u c k .  

F i s h i n g  a t  1 0  338 f t ,  no l uck .  

D e c i s i o n  t o  s i d e t r a c k  made. 

W a i t i n g  on t o o l s .  

W a i t i n q  on t o o l s .  

W a i t i n g  on t o o l s ,  r i g  t o  
underream. 

Underreaming, s tuck  t o o l .  

Underreaming a t  9760 f t ,  14 
f t  c u t .  

Underreaming a t  9885 f t ,  15  
ft c u t .  

Cemented h o l e ,  500 sacks o f  
Class H. 

Taqged cement, d r i l l  t o  9770 
ft i n  s o f t  cement. 

W a i t i n g  on cement. 

Cemented p lug ,  400 sacks o f  
C lass  H. 

Dri 11 i ng s o f t  cement. 

D r i l l i n g  s o f t  cement, w i l l  
n o t  se t .  
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APPENDIX  A (con t . )  

D aY 
No. Date 

Measured 
Depth 

A t  2400 h 
( f t )  

217 12/24/80 

218 12/25/80 

219 12/26/80 

220 12/27/80 

221 12/28/80 

222 12/29/80 

223 12/30/80 

224 12/31/80 

225 1/1/81 

226 1 /2 /81  

227 1 /3 /81  

228 1 /4 /81  

229 1 /5 /81  

230 1 /6 /81  

231 1 /7 /81  

232 1/8/81 

233 1 /9 /81  

234 1/10/81 

235 1/11/81 

104 

9950 

9440 

9635 

9665 

9665 

9720 

9998 

9557 

9557 

9653 

9704 

9721 

10 100 

10  101 

10 101 

9428 

9498 

9550 

9565 

Hol e /B i  t 
S i z e  
( i n . )  

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

Remarks 

164 

-510 

195 

30 

0 

55 

278 

-441 

0 

96 

51 

1 7  

379 

0 

0 

-673 

70 

52 

15  

D r i l l i n g  s o f t  cement. 

Cemented p l u g ,  300 sacks O f  
C lass H. 

D r i l l i n g  s o f t  cement, w i l l  
n o t  se t .  

D r i l l i n g  s o f t  cement, r a n  
tempera ture  1 og. 

W a i t i n g  on cement. 

D r i  11 i ng s o f t  cement. 

D r i l l  o u t  s o f t  cement p lug .  

Recement p l u g  ( f o u r t h  t r y ) ,  
400 sacks o f  C lass  H. 

W a i t i n g  on cement. 

D r i l l i n g  s o f t  cement. 

D r i  11 i ng s o f t  cement. 

D r i  11 i ng s o f t  cement. 

D r i  11 ed o u t  s o f t  p l  ug. 

Set  up t o  recement. SLM 10 
101. 

Set up t o  recement. 

F i f t h  t r y  a t  cement ing,  450 
sacks o f  C lass  H. 

D r i l l e d  i n t o  ha rde r  cement. 

D r i  11 ed i n t o  ha rde r  cement, 
n o t  much harder .  

Cor ing  i n t o  ha rde r  cement. 



D aY 
No. Date 

236 1/12/81 

237 1/13/81 

238 1/14/81 

239 1/15/81 

240 1/16/81 

241 1/17/81 

242 1/18/81 

243 1/19/81 

244 1/20/81 

245 1/21/81 

246 1/22/81 

247 1/23/81 

248 1/24/81 

249 1/25/81 

250 1/26/81 

251 1/27/81 

252 1/28/81 

253 1/29/81 

Grs 

Measured 
Depth 

A t  2400 h 
( f t )  

9778 

9820 

9820 

9128 

9175 

9600 

9619 

9724 

9724 

9724 

9767 

9780 

9800 

9800 

9800 

9800 

9800 

9379 

A P P E N D I X  A ( con t . )  

Ho le /B i  t Days 
S i z e  Footage 
( i n . )  ( f t )  Remarks 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

9-7/8 

9-7/8 

9-7/8 

9-7/8 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

213 

42 

0 

-692 

47 

425 

19 

105 

0 

0 

43 

13 

20 

0 

0 

0 

0 

-421 

D r i l l i n g  i n t o  medium hard  
cement. 

D r i l l i n g  i n t o  medium ha rd  
cement. 

Temperature l o g  and c o o l i n g .  

S i x t h  t r y  a t  cementing, 350 
sacks o f  cement. 

D r i  11 i ng s o f t  cement. 

D r i l l i n g  s o f t  cement. 

Core o u t  hard  cement. 

R i g  up t o  d i r e c t i o n a l  d r i l l  a 
s i d e t r a c k .  

R ig  up t o  d i r e c t i o n a l  d r i l l  a 
s i d e t r a c k .  

C lea r  o b s t r u c t i o n  i n  s t r i n g .  

At tempt  t o  s i d e t r a c k .  

At tempt  t o  s i d e t r a c k ,  n o t  
successful. 

Try t o  s e t  Whipstock, h i t  
t i g h t  spo t .  

Ream f rom 6855 t o  6978 ft. 

Ream t o  7387. 

At tempt  t o  s e t  wh ips tock ,  no 
90 

Readied t o  recement and 
d i  r e c t i  onal  d r i  11. 

Cemented p lug ,  230 sacks of 
cement. 
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APPENDIX A ( c o n t . )  

D aY 
No. Date 

254 1 /30/81  

255 1 /31/81  

256 2/1/81 

257 2 /2 /81  

258 2/3/81 

259 2/4/81 

260 2 /5 /81  

261 2 /6 /81  

262 2/7/81 

263 2 /8 /81  

264 2/9/81 

265 2 /10 /81  

266 2/11/81 

267 2/12/81 

268 2 /13/81  

269 2/14/81 

270 2/15/81 

Measured 
Depth 

A t  2400 h 
( f t )  

_- 

9409 

9500 

9500 

9500 

9175 

9195 

9158 

9250 

9300 

9300 

9300 

9304 

9319 

9323 

9323 

9323 

9325 

Hol e /B i  t 
S i z e  
( i n . )  

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

8-3/4 

8-3/4 

8-3/4 

8-3 /4  

8-3 /4  

8-3/4 

8-3 /4  

8-3/4 

8-3/4 

Da.v  
Footage 

( f t )  Remarks 

30 

91 

0 

0 

-325 

20 

0 

92 

50 

0 

0 

4 

15 

4 

0 

0 

2 

D r i l l e d  o f f  t o p  o f  s o f t  
cement. 

D r i l l e d  o u t  s o f t  cement. 

Underreamed 21 f t ,  9293 f t  t o  
9314 f t ,  16 - in .  diam. 

Underreamed t o  9314 f t  t o  
9330 f t ,  16- in .  diam. 

Cement P l u g  No. 8, 300 sacks 
o f  C lass  J .  

Dress  o f f  cement p l u g .  

Core r u n  on t o p  o f  cement, 
l o o k s  hard. SLM 9158 ft. 

Core and f a c i n g  o f f  cement. 

Dress o f f  cement p lug .  

Attempted s i d e t r a c k  w i t h  
motor.  

At tempted s i d e t r a c k  w i t h  
motor.  

At tempted s i d e t r a c k  w i t h  
motor.  

At tempted s i d e t r a c k  w i t h  
motor.  

At tempted s i d e t r a c k  w i t h  
motor.  

At tempted s i d e t r a c k  w i t h  
motor.  Magnet run. 

Magnet run, no j unk .  

Attempted s i d e t r a c k  w i t h  
motor;  t o o t h e d  b i t  r u n  w i t h  
j u n k  baske t  f o r  c l e a n  up. 
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APPENDIX  A ( c o n t . )  

Mea s u red  
Depth 

A t  2400 h 
( f t )  

Hol e /B i  t Days 
S i z e  Footage 
( i n . )  ( f t )  Remarks 

D aY 
No. Date 
- 

271 2/16/81 9329 

9339 

8-314 4 Attempted s i d e t r a c k .  

272 2/17/81 8-3.14 1 0  Attempted s i d e t r a c k ,  some 
g r a n i t e  c u t t i n g s .  

273 2/18/81 9382 8-314 43  Attempted s i d e t r a c k ,  f i s h e d  
o u t  cones. 

8-314 4 Attempted s i d e t r a c k ,  EYE t o o l  
p r o b l  ems. 

274 2/19/81 9386 

275 2/20/81 

276 2/21/81 

277 2/22/81 

278 2/23/81 

279 2/24/81 

280 2/25/81 

9397 

9416 

9416 

9416 

9497 

9501 

8-314 11 Attempted s i d e t r a c k .  

8-314 19  Attempted s i d e t r a c k .  

12-114 0 Opened h o l e  up t o  12-114 i n .  

12-114 0 Opened h o l e  up t o  12-114 i n .  

12-114 81 Opened h o l e  up t o  12-114 i n .  

12-114 4 Opening up ho le ,  r u n  s i n g l e  
shot  surveys.  

281 2/26/81 9501 12-114 0 Cooled h o l e  f o r  wh ips tock  
i n s t a l l a t i o n .  

282 2/27/81 9501 12-1/4 0 Cooled h o l e  f o r  wh ips tock  
i n s t a l  1 a t i o n .  

283 2/28/81 9501 12-114 0 Cooled h o l e  f o r  wh ips tock  
i n s t a l  1 a t  i on. 

12-1/4 0 Whipstock on bottom, problem 
o r i e n t i n g .  

284 3/1/81 9501 

285 3/2/81 9173 12-1/4 -328 Whipstock o r i e n t e d  and 
cemented w i t h  185 sacks. 

12-1/4 0 W a i t i n g  on cement. Run bond 
l o g  on 13-3/8-in. cas ing .  

286 3/3/81 9173 

12-1/4 0 Running w a l l  t h i c k n e s s  l o g ,  
13-3 /8- in .  cas ing .  

287 3/4/81 

bi3 
9173 
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D aY 
No. Date 
- 

288 3/5/81 

289 3/6/81 

290 3 /7 /81  

291 3/8/81 

292 3/9/81 

293 3/10/81 

294 3/11/81 

295 3/12/81 

296 3/13/81 

297 3/14/81 

298 3/15/81 

299 3/16/81 

300 3/17/81 

301 3/18/81 

302 3/19/81 

303 3/20/81 

304 3/21/81 

305 3/22/81 

306 3/23/81 

Measured 
Depth 

A t  2400 h 
( f t )  

9173 

9263 

9277 

9325 

9396 

9432 

9435 

9439 

9439 

9440 

9443 

9443 

9446 

945 1 

9451 

9451 

946 1 

9558 

9558 

APPENDIX  A ( c o n t . )  

Hol e /B i  t 
S i z e  
( i n . )  

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

8-5/8 

8-5/8 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

Days 
Footage 

( f t )  

0 

90 

14 

48 

7 1  

36 

3 

4 

0 

1 

3 

0 

3 

5 

0 

0 

10 

97 

0 

Rerna r k s 

Hardband d r i  11 p ipe.  

H i t  b r i d g e  0 6838 f t  w h i l e  
t r i p p i n g  i n  ho le.  D r i l l i n g  
cement. 

Cor ing  and f a c i n g  o f f  cement. 

Fac ing  o f f  cement and 
a t tempted s i d e t r a c k .  

Motor  run, a t tempt  t o  
s i d e t r a c k .  

Rotary  d r i l l  t o  wh ips tock .  

Dri l l  on j unk .  

D r i l l  on j unk .  

F i v e  j u n k  runs, meta l  sc rap  
i n  basket .  

Junk and magnet runs, 
something i n  ho le.  M i l l i n g .  

M i l l i n g  run  on wh ips tock .  

Twis ted  o f f  a t  DC, f i s h i n g .  

P u l l e d  f i s h ,  m i l l i n g  on 
bo t tom o f  ho le.  

M i l l i n g  o f f  wh ips tock .  

Open h o l e  o u t  t o  12-1/4 i n .  
w i t h  tape red  m i l l  and b i t .  

Two magnet runs. 

D r i  11 i ng o f f  wh ips tock .  

EE-3 i s  s ide t racked ,  d r i l l i n g  
g r a n i t e .  

Changed o u t  BOP s tack .  
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c3 
D aY 
No. Date 
- 

307 3/24/81 

308 3/25/81 

309 3/26/81 

310 3/27/81 

311 3/28/81 

312 3/29/81 

313 3/30/81 

314 3 /31/81  

315 4 /1 /81  

316 4 /2 /81  

317 4 /3 /81  

318 4 /4 /81  

319 4/5/81 

320 4 /6 /81  

321 4 /7 /81  

322 4/8/81 

323 4 /9 /81  

324 4 /10/81  

325 4/11/81 

Mea s u r e d  
Depth 

A t  2400 h 
( f t )  

9558 

9558 

9558 

9631 

9718 

9771 

9843 

9883 

9883 

9883 

9884 

9884 

9890 

10 037 

10 106 

10 170 

10 226 

10 226 

10  226 

........ - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  

APPENDIX  A ( con t . )  

Hol e / B i  t 
S ize  
( i n . )  

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12- 1 /4  

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

Days 
Footage 

( f t )  

0 

0 

0 

73 

87 

53  

72 

40 

0 

0 

1 

0 

6 

147 

69 

64 

56 

0 

0 

Remarks 

Reamed t o  bottom. 

Hole i s  s i d e t r a c k e d  t o  eas t ,  
magnet run. 

At tempted motor  run,  EYE 
t roub l  e. 

Motor  run.  

Reamed t o  bo t tom and d r i l  l e d  
a head. 

Motor  run. 

Ream and d r i l l  ahead. 

D r i l l  ahead and gy ro  survey ,  
no good. 

Re - s u r vey . 
Re- s u r vey  . 
Reamed t o  bottom. 

At tempt  t o  gy ro  survey,  no go. 

D r i l l i n g  ahead, good survey. 

D r i  11 i ng ahead. 

D r i l l i n g  ahead. 

D r i l l i n g  ahead. 

D r i l l i n g  ahead, f i x e d  
washout, survey  t o o l  backed 
out .  

Layed down d r i l l  p ipe .  

P ipe  i n s p e c t i o n  and c a s i n g  
l o g ,  no problems. 
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D aY 
No. Date - 
326 4/12/81 

327 4/13/81 

328 4/14/81 

329 4/15/81 

330 4/16/81 

331 4/17/81 

332 4/18/81 

333 4/19/81 

334 4/20/81 

335 4 /21/81  

336 4 /22/81  

337 4/23/81 

338 4/24/81 

339 4/25/81 

340 4/26/81 

341 4/27/81 

342 4 /28/81  

343 4/29/81 

344 4/30/81 

345 5 /1 /81  

346 5/2/81 

347 5 /3 /81  

Measured 
Depth 

A t  2400 h 
( f t )  

~~ 

10 226 

10 226 

10 226 

10 226 

10 226 

1 0  226 

10 226 

10  226 

10 245 

10  245 

10 352 

10  352 

10 352 

10  400 

10 440 

10 512 

10 573 

10 573 

10 633 

10  658 

10 734 

10 734 

A P P E N D I X  A ( c o n t . )  

@ 
Hol e /B i  t Days 

S ize  Footage 
( i n . )  ( f t )  Remarks 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

12-1/4 

0 

0 

0 

0 

0 

0 

0 

0 

19 

0 

107 

0 

0 

48 

40 

72 

61  

0 

60 

25 

76 

0 

Hard banding and i n s p e c t i o n  
opera t i ons .  

P i  pe i n s p e c t i o n .  

P ipe  i n s p e c t i o n  completed. 

P i ck  up p i p e  and run  i n t o  
ho l  e. 

R i g  f o r  motor  run.  

Tu rb ine  and EYE t o o l  problems. 

Tu rb ine  and EYE t o o l  problems. 

No t u r b i n e  run,  t o o l  problems. 

Tu rb ine  run,  t o o l  problems. 

Reamed t o  TD. 

Shor t  t u r b i n e  run. 

Ream t o  TD, reaming hard. 

Ream t o  TD, reaming hard.  

Ream and d r i l l  ahead. 

Tu rb ine  run. 

Ream and d r i l l  ahead. 

Ream and d r i l l  ahead. 

Ream t o  TO. 

Tu rb ine  run. 

Tu rb ine  run  and ream. 

Ream and d r i l l  ahead. 

Tu rb i  ne p r o b l  ems. 
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APPENDIX  A ( con t . )  

6d 
D aY 
No. Date 
- 

348 5/4/81 

349 5/5/81 

350 5/6/81 

351 5/7/81 

352 5 /8 /81  

353 5 /9 /81  

354 5/10/81 

355 5/11/81 

356 5/12/81 

357 5/13/81 

358 5/14/81 

359 5/15/81 

360 5/16/81 

361 5/17/81 

362 5/18/81 

@363 5/19/81 

Measured 
Depth Hol e /B i  t Days 

A t  2400 h S i z e  Footage 
Remarks 

- -  
( f t )  ( i n . )  ( f t )  

10 791 12-1/4 57 Tu rb ine  run. 

10 811 9-7/8 20 Ream and d r i l l  ahead, change 
t o  9 -7 /8 - in .  b i t ,  10 791 t o  
10 811 f t .  

Reduced Ho le  D i  am D r i  11 i ng I n t o  Reservoi  r S e c t i o n  

10 938 

11 120 

11 120 

11 120 

11 120 

11 156 

11 359 

11 454 

11 454 

11 595 

11 730 

11 913 

11 926 

11 926 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

127 

182 

0 

0 

0 

36 

203 

95 

0 

141 

135 

183 

13 

0 

D r i l l i n g  ahead, 8-3/4 i n . b i t .  

D r i l l i n g  ahead, l o s t  
s l i c k w i r e  i n  s t r i n g .  

Stuck i n  h o l  e , keyseated , 
l o s t  w i r e l i n e ,  f i s h i n g .  

Recovered w i  r e1  i ne , s t  r i  ng 
s t i l l  s tuck .  

J a r r e d  p i p e  loose.  

T r ipped  12-1/4 i n .  b i t  
t h rough  s tuck  zone approx.  
6500 ft. Encountered 
no th ing .  D r i l l i n g  ahead. 

D r i l l i n g  ahead 12 f t / h .  

D r i l l i n g  ahead, some t i g h t  
h o l e  p r o b l  ems. 

S t r i n g  l a y e d  down and 
exchanged f o r  i n s p e c t i  on. 

D r i l l i n g  ahead. 

D r i  11 i ng ahead. 

D r i l l i n g  ahead, some t i g h t  
h o l  e. 

Ream and d r i l l  ahead, H2S 
prob lem found. 

T r e a t i n g  H2S problem. 
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Measured 
Depth 

D aY A t  2400 h 
No. Date ( f t )  - 

364 5/20/81 11 951 

365 5/21/81 11 982 

366 5/22/81 12 059 

367 5/23/81 12 079 

368 5/24/81 12 079 

369 5/25/81 12 079 

370 5/26/81 12 100 

371 5 /27/81  12 100 

372 5 /28/81  12 186 

373 5/29/81 12 191 

374 5130181 12 191 

375 5/31/81 12 310 

376 6 /1 /81  12 412 

377 6 /2 /81  12 511 

378 6 /3 /81  12 576 

379 6 /4 /81  12 576 

380 6 /5 /81  12 576 

381 6/6 /81  12 576 

382 6 /7 /81  12 576 

APPENDIX A ( c o n t . )  

Hol e /B i  t Days 
S i  ze Footage 
( i n . )  ( f t  1 Remarks 

8-314 25 Turb ine  run.  

8-314 31 Ream and d r i l l ,  s t r i n g  s tuck  
t e m p o r a r i l y .  

8-314 77 D r i l l i n g  ahead, excess i ve  
t o r q u e  and drag. 

20 Stuck p ipe ,  j a r r e d  loose,  8-314 
h i g h  drag. 

8-314 0 Washed w i t h  water  which 
reduced drag. 

8-314 0 Clean ing  p i t s .  

8-314 21 D r i l l i n g  ahead w i t h  water  and 
t o r q u e  t r i m .  

8-314 0 W a i t i n g  f o r  heat  s h i e l d  f o r  
EYE t o o l .  

8-314 86 Turb ine  run.  

8-314 5 Ream t o  TD and d r i l l .  

8-314 0 R i g  drum c l u t c h  r e p a i r .  

8-314 119 Turb ine  run. 

8- 314 102 Ream t o  TD. D r i l l i n g  ahead, 
UP t o  15 f t / h .  

8-314 99 D r i l l i n g  ahead. 

8-314 65 D r i l l i n g .  P i c k i n g  up a l o t  
o f  c u t t i n g s  f rom ponds. 

8-314 0 Clean ing  ponds. 

8-314 0 Clean ing  ponds, H2S problem. 

8-314 0 Clean ing  ponds, H2S problem. 

8-314 0 C lean ing  ponds, H2S problem. 
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APPENDIX A ( con t . )  

D aY 
No. Date 

383 6 /8 /81  

384 6 /9 /81  

385 6/10/81 

386 6/11/81 

387 6/12/81 

388 6/13/81 

389 6 /14/81  

390 6 /15/81  

391 6 /16/81  

392 6/17/81 

393 6 /18/81  

394 6/19/81 

395 6/20/81 

396 6/21/81 

397 6/22/81 

398 6/23/81 

399 6/24/81 

400 6/25/81 

Measured 
Depth 

A t  2400 h 
( f t )  

12 609 

12 728 

12 874 

12 895 

12 961 

12 961 

12 961 

1 3  117 

13  312 

1 3  365 

13 365 

13 365 

1 3  365 

13  365 

13 365 

13 365 

13  365 

13 365 

13  365 

Hol e /B i  t Days 
S i  ze Footage 
( i n . )  ( f t )  Remarks 

8-314 

8-3/4 

8-3/4 

8-3/4 

8-314 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/4 

8-3/'4 

8-314 

8-314 

8-314 

8-314 

8-314 

8-314 

8-314 

33 

119 

146 

21 

66 

0 

0 

156 

195 

53  

0 

0 

0 

0 

0 

0 

0 

0 

0 

D r i  11 i ng ahead , h o l e  i s 
g e t t i n g  t i g h t .  

D r i l l i n g  ahead, H2S OK. Ho le  
t i g h t .  

D r i l l i n g  ahead a t  12 f t / h .  

D r i l l i n g  ahead, b i t  change. 

Tu rb ine  run. Ho le  t i g h t .  

At tempted t u r b i n e  run.  

At tempted t u r b i n e  run. 

D r i l l i n g  ahead. 

D r i  11 i ng ahead. 

D r i l l i n g  ahead, l a y  down 
s t r i n g .  

P i c k  up new s t r i n g ,  s e t  up 
f o r  motor  run. 

At tempted t u r b i n e  run. 

T i g h t  ho le .  Run reaming 
assembly. T w i s t  o f f  a t  6500 
ft w h i l e  reaming t o  bottom. 

F i s h i n g ,  j a r s  i n  f i s h  w i l l  
n o t  opera te .  

F i s h i n g ,  r i g  t o  t r y  back o f f .  

F i s h i n g ,  f r e e  p o i n t  1 3  200 ft. 

F i s h i n g ,  back o f f  a t  8358 ft. 

F i s h i n g ,  back o f f  3 8701 ft. 

F i s h i n g ,  p e r f o r a t e  8 12 216 
and 12 915 f t  t o  c i r c u l a t e  
and coo l  ho le .  
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APPENDIX A ( con t . )  

Measured 
Depth 

A t  2400 h 
( f t )  

Hol e /B i  t Days 
S i z e  Footage 
( i n . )  ( f t)  Remarks 

D aY 
No. Date 
- 

402 6/27/81 1 3  365 8-3/4 0 F i s h i n g ,  backed o f f  a t  1 2  195 
f t .  

403 6 /28/81  13  365 8- 3/4 0 F i s h i n g ,  T I H  w i t h  S-p ipe and 
j a r .  

404 6/29/81 

405 6/30/81 

13 365 

13 365 

8-3/4 0 F i s h i n g ,  4 b a c k - o f f  sho ts .  

8-3/4 0 E x p l o s i v e  c u t  o f f  a t  12 953 
f t .  

406 7/1/81 13 365 8-3 /4  0 S t r i n g  keyseated a t  6550 ft 
on way ou t .  

407 7/2/81 13 365 8-314 0 Back o f f  a t  6483 f t ,  j a r r e d  
f r e e  and POH. 

408 7 /3 /81  

409 7/4/81 

13 365 

1 3  365 

8-314 0 Reaming keyseat  a t  6500 ft. 

8-3/4  0 Attempted ream, h o l e  t i g h t  
near  bot tom. 

410 7/5/81 

411 7/6/81 

412 7/7/81 

8-3/4 0 Reaming t i g h t  ho le .  13 365 

1 3  365 

13  365 

8-3/4 0 Work t i g h t  ho le .  

8-3/4 0 M i l l e d  t o p  o f  f i s h .  
At tempted hook on t o  f i s h ,  no 
90 

413 7/8/81 

414 7/9/81 

13 365 

1 3  365 

8-3/4 0 Hooked f i s h  b u t  f e l l  o f f .  

8-3/4 0 Hardbanding i n t e r f e r r i n g  w i t h  
g rappe l .  M i l l i n g  o f f  
hardband. 

415 7/10/81 

416 7/11/81 

417 7/12/81 

13 365 

1 3  365 

13  365 

8-3/4 0 Attempt  t o  hook f i s h ,  no go. 

8-3/4 0 M i l l  on f i s h .  Ho le  t i g h t .  

8-3/4 0 S t r i n g  broke a t  o l d  c u t  o f f  
spo t ,  1-1/2 j o i n t s  i n .  M i l l  

' on 2nd shot  p o i n t .  
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A P P E N D I X  A ( c o n t . )  

D ay 
No. Date 

418 7/13/81 

419 7/14/81 

420 7/15/81 

421 7/16/81 

422 7/17/81 

423 7/18/81 

424 7/19/81 

425 7120181 

426 7/21/81 

427 7/22/81 

428 7/31/81 

429 7/24/81 

430 7/25/81 

Measured 
Depth 

A t  2400 h 
( f t )  

13 365 

13 365 

13 365 

13 365 

13 365 

13 365 

13 365 

13 365 

13 365 

13 365 

13 365 

13 365 

13 365 

Hol e /B i  t 
S i  ze 
( i n . )  

8-314 

8-314 

8-314 

8-314 

8-3/4 

8-314 

8-3/4 

8-314 

8-314 

8-314 

8-314 

8-314 

8-314 

Days 
Footaqe 

( f t )  
, .  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Rema r k s 

M i l  1 i n g ,  t w i s t  o f f  and back 
o f f ,  5100 f t  and 600 f t  
respec t  i v e l  y . 
Both f i s h  p u l l e d  f rom h o l e  
H2S up. 

C i  r c u l  a ted  hol  e , t r e a t e d  H2S 
Drobl  ern. 

Reaming keyseat  a t  6500 f t ,  
i n s p e c t i n g  s t r i n g .  

Reami ng keyseat  and m i  11 i ng 
on f i s h ,  i n s p e c t i n g  s t r i n g .  

M i l l i n g  on f i s h ,  i n s p e c t i n g  
s t r i n g .  

F i n i s h e d  i n s p e c t i n g  s t r i n g .  
Work ove rsho t ,  no l u c k .  

Hooked f i s h ,  moved up about  
200 ft, ove rsho t  k e p t  
s l i p p i n g  o f f .  D r i l l i n g  j a r s  
work ing.  

Grappel n o t  h o l d i n g ,  f i s h  
loose b u t  s t i l l  i n  ho le .  Run 
smal l  e r  g r a p p l e  , f i s h  coming 
o u t  o f  ho le .  

F i s h  p u l l e d  f rom ho le .  Run 
magnet. 

Magnet and j u n k  basket  run  , 
recovered some junk .  

Run b i t ,  wou1.d n o t  d r i l l .  
To rqu ing  on bottom. 

Two magnet runs,  recovered 
junk .  
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A P P E N D I X  A (con t . )  

Measured 
Depth 

A t  2400 h 
( f t )  

1 3  365 

Hol e /B i  t Days 
S i z e  Footage 
( i n . )  ( f t )  

D aY 
No. Date 
- 

Remarks 

431 7/26/81 8-314 0 Another  magnet run. D r i  11 ed 
on j u n k  and to rqued  up. R i g  
r e p a i  r s .  

M i l l e d  on j unk .  R i g  r e p a i r s .  8-314 0 

8-314 0 

432 7/27/81 

433 7/28/81 

13  365 

1 3  365 Two magnet and j u n k  basket  
runs.  Recovered l a r g e  p ieces  
o f  meta l .  

13 365 

1 3  365 

8-314 0 

8-314 0 

Magnet and j u n k  basket  run.  434 7/29/81 

435 7130181 Two magnet and j u n k  basket  
runs. Junk c l e a n i n g  up. 

Magnet and j u n k  basket  run.  
D r i l l e d  new h o l e  w i t h  
m i  11 - t o o t h e d  b i t .  P ipe  s t r a p  
c o r r e c t e d  depth.  

436 7/31/81 13  338 8-314 0 

Normal d r i l l i n g .  S l i g h t l y  
h i g h  to rque .  One magnet ic  
s i n g l e  sho t  survey.  

437 8/1/81 13 484 8-314 146 

438 8 /2 /81  13  494 8-314 P u l l e d  d r i l l  s t r i n g  a p a r t  a t  
9683 f t .  F ish ing .  

10 

0 13 494 8-314 Recovered f i s h .  I n s p e c t i n g  
a l l  t o o l  j o i n t s  on r i g  f l o o r .  

439 8/3/81 

13 519 8-314 25 Resumed d r i l l i n g .  T r ipped  t o  
change l e a k y  j a r s .  

440 8 /4 /81  

441 8 /5 /81  

442 8 /6 /81  

13  701 8- 314 

13 911 8-314 

182 

210 

D r i l l e d  ahead. H igh  to rque .  

D r i l l e d  smoothly,  u s i n g  
Torq-Tr im. Three d i r e c t i o n a l  
surveys.  

Reached TD. C lean ing  ho le .  22 

0 

443 8 /7 /81  

444 8/8/81 

13 933 8-314 

1 3  933 8-314 C1 eaned and scraped ho le .  
D isp laced  f l u i d  w i t h  soap. 
Ran tempera ture  survey.  
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APPENDIX  A ( con t . )  

D aY 
No. Date 

Measured 
Depth 

A t  2400 h 
( f t )  

445 8 /9 /81  

446 8 /10/81  

447 8/11/81 

448 8 /12/81  

449 8 /13/81  

450 8 /14/81  

451 8 /15/81  

452 8/16/81 

453 8 /17/81  

454 8/18/81 

455 8/19/81 

456 8 /20/81  

c3 457 8/21/81 
458 8/22/81 

1 3  933 

13 933 

13 933 

13  933 

13 933 

1 3  933 

13 933 

13 933 

13 933 

13  933 

13  933 

13 933 

13  933 

1 3  933 

Hol e /B i  t Days 
S i z e  Footage 

Remarks - ( i n . )  ( f t )  

8-3/4 0 Schlumberger a t tempted t o  run  
bo reho le  geometry 1 og. Dowel 1 
s e t  r e t a i n i n g  p lug .  WOC. 

8-3/4 0 Dress cement p lug .  P lug  n o t  
S o l i d .  C i r c u l a t e d  t o  coo l  
f o r  1 ogg i  ng. 

8-3/4 0 Ran Los Alamos tempera ture  
survey and Schl  umberger 
neu t ron  d e n s i t y  and gamma 
logs .  

8-3/4 0 Recemented r e t a i n e r  p l u g  w i t h  
270 sacks. WOC. 

8-3/4 0 Faced o f f  p l u g  t o  10 400 f t .  

8-3/4 0 Set c a s i n g  j a c k s  and s t a r t e d  
r u n n i n g  9-5/8- in .  cas ing .  
Set  9-5/8- in .  c a s i n g  (3 10 374 
f t  KB. 

8-3/4 0 Landed 9-518-in. c a s i n g  a t  
1.0 374 ft. C i r c u l a t e d  12 pH 
water .  

8-3/4 0 Dowel1 cemented f i r s t  s tage  
w i t h  950 sacks. 

8-3/4 0 WOC. Ran Los Alamos 
tempera ture  survey.  

8-314 0 WOC. 

8-3/4 0 Tensioned 9-5/8- in.  c a s i n g  t o  
885 000. Second s tage  
cemented w i t h  1200 sacks. WOC. 

8-314 0 Flow n i p p l e  i n s t a l l e d  on 
9-5/8- in.  cas ing.  T r i p  i n  
ho le .  

8-314 0 D r i l l i n g  o u t  cement. 

8-3/4 0 D r i l l i n g  o u t  cement. 
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APPENDIX  A ( c o n t . )  

Measured 
Depth Hol e /B i  t Days 

D aY A t  2400 h S i z e  Footage 
No. Date ( f t )  ( i n . )  ( f t )  Remarks 
- 

459 8/23/81 1 3  933 8-314 0 Schlumberger ran  CBL and 
neu t ron  density-gamma l o g s .  

460 8/24/81 13 933 8-3/4 0 Ran b i t  t o  bottom. F lushed 
w i t h  h i g h  pH f l u i d .  
D i  s p l  aced h o l e  w i t h  c lean ,  
f r e s h  water .  

461 8/25/81 13 933 8-314 0 Layed down p ipe .  Released 
r i g  a t  0600 am. 

Sr U.S. GOVERNMENT PRINTING OFFICE: 1982-576-02011 42 
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APPENDIX B 

DETAILED EE-3 BIT RECORD 

L i s t  o f  Appreviat ions: 

BHA bottom-hole assembly 
EYE S c i e n t i f i c  D r i l l i n g  Control 

s tee r ing  t o o l  
HTC Hughes Tool Co. 
HWOP Hevi-Wate D r i l l  Pipe 
POH p u l l  out  o f  ho le  
Sec Dressers Secur i ty  
STC Smith Tool Co. 
T I H  t r i p  i n  ho le 
TOH t r i p  out  o f  ho le 
OC d r i l l  c o l l a r  
OP d r i l l  p ipe 

B i t  Pounds 
Rotating Weight Per 
Hours Ft/Hr lOOOC Oia in .  RPM --- - - 

73 10.75 5-50 Avg 1058 40-110 
24 7.33 45 1731 40-60 

44.5 7.93 75 2884 65 
49.5 10.18 65-85 Avg 2500 90 

Pump 
Rate 
(GPM) - 

850 
82 9 
875 
790 

594 
378 
378 
459 

Pump 
Pressure 

( P S I )  

800 
1200 
1100 
1200 

1200 
500 
600 

2000 

B i t  
Number Type - 

OG 
255 
OG 
2JS 
OJS 
DJS 
2JS 
OJS 
DJS 
OJS 
455 
V2J 
L4HJ 
H-100 
H-100 
F-4 

Depth Feet 
Jets  Out D r i l l e d  

Ctr C i rc  890 785 

C t r  C i rc  , 1570 504 

- -- 
22-22-22 1066 176 

Mud P l a s t i c  
Weight V iscos i ty  - - 

Hrs on 
Shock Sub 

Hrs on 
Jars 

22 
46 
95.5 

140 

150 
157 
161.5 
174.5 

HHP/i n.' Size Make Remarks 

Formation Pul led t o  change too  so f t ;  BHA; b i t  spud ba l l ed  5/22/80. up b i t  b a l l i n g  problems 

Lost re turns a t  1923'; t r i p  out 
Wash and ream 26" ho le 

Wash and rea% d r i l l  cement 26" ho le 
D r i l l  cement 1534' t o  1903 ; l o s t  returns; d r i l l  w/water t o  1989'; POH t o  Cement 
D r i l l  cement 1825' t o  1930'; no returns; d r i l l  1989' t o  2141' w h o  retUPnS 
RR from Sigma Mesa; d r i l l i n g  w/no returns 
D r i l l  g ran i te  wi thout  re turns 
Clean D r i l l  17-112" stage c o l l a r  ho le t o  and run shoe casing j t s  

Run 25-30.000 on b i t  u n t i l  below casing 
Pul led because o f  increas ing dev iat ion 
Wire l ine broke on survey t o o l ;  had t o  p u l l ;  buttons on b i t  wore down. not broke 
D r i l l  c o l l a r s  twis ted o f f  
Cracked nonel OC; l i m i t e d  WO8 below 3723' t o  contro l  dev ia t i on  
Cracked 6-314" OC; as above 
Lost pump press; as above 
Lost Lost pump pump press; press; breaking crack i n  HWOP i n  b i t  

Pul led due t o  gauge wear 
Lost pump press; cracked 6-314" OC 
Pul led due t o  hours 

Lost pump press; t op  jt HWOP cracked 
Lost pump press; bottom 6-314" OC, and 6th-8" DC 
Pul led due t o  torque 
Pul led t o  run gyrosurvey 
Twisted o f f  8" OC 
D i rec t i ona l  d r i l l  i n g  
T r i p  t o  use EYE t o o l  
Hardbanding d r i l l  co l l a rs ;  reaming runs 

Plugged b i t  and motor wlcut t ings on connection 
Reaming run 

Reaming run 
Motor s t a l l e d  
H i t  reduction i n  hole s ize a t  the bottom o f  the casinq; b i t  pinched motor bent 
Q u i t  d r i l l i n g  
Cone locked up 

Deviat ion BHA Condit ion 

5-6- I 
2-2-1 
5-6- I 
2-4-1 

26" 
26" 
26" 
26" 
17-112'' 
17-112" 

17-112'' 

17-112'' 
17-112'' 
17-112" 
12-114" 
12-114" 
12-114" 
12-114" 
12-114" 
12-114" 
12-114'' 
12- 1 14 I' 
12-114" 
12-114' 
12-114" 
12-114" 
12-114" 
12-114" 
12-114'' 
12-114" 
12-114" 
12- 1 14 I' 
12-114'' 
12 - 114" 
12-114" 
12- 114" 
12- 114" 
12-114" 
12- 1 14 I' 
12-114" 

12-114" 
12- 114" 

26 " 

17-112" 

12 - 1 14 " 

12 - 1 14 I' 
12- 1 14" 

STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
Sec 
Sec 
STC 
STC 
STC 
STC 
Sec 
HTC 
HTC 
HTC 
STC 
STC 
STC 
HTC 
HTC 
HTC 
HTC 
STC 
STC 
Sec 
STC 
STC 
Sec 
Sec 
Sec 
HTC 
STC 
HTC 
Sec 
Sec 

B i t .  B i t  sub. 9"OC. SS. 8" monel, 5-9" OC's, 14-43'' OC's. Jars, X-0. 5-6-3/4"OC's 
B i t .  X-0, B i t  sub. Stab, SS, Stab, 8",,monel. stab, 6-9" DC's, 14-8" DC's. Jars, X-0, 6-6-314" DC's, HWOP 

2-N-10-E 
1-114ON-55-E 
1"-N-43"-E 

1 
2 
3 
RR12 
4 
RR14 
RRCZ 
RR14 
RRX4 
5 
6 .  
7 
8 
9 
10 
11 
12 
RR112 
13 
14 
15 
RR115 
RR115 
16 
RR116 
1 7  
18 
RRC18 
RRC18 
19 
20 
21 
22 
RR120 
23 
24 
RRC22 
RR124 
25 
26 
27 
28 
29 

9.2 6 
9.0 6 
9.2 10 
9.1 10 

73 
97 

146.5 
191 

0.414 

0.372 

0.605 
0.298 
0.6616 
2.616 

22-22-22 
Own 
Open ' J 

22-22-22 
18-18-26+ 
15-15-18 
13-13-13 7 
11-11-11 
Own 
open 
11-11-12 
13-15-11 
14-14-14 
13-13-8 
13-13-8 

B i t ,  X-0. 3 p t .  X-0, SS, stab, monel,,,stab, 6-9" DC's. 14-8" OC's, j a rs ,  X-0, 6-6-314" DC's, 18 j t s  HWOP 2 33 55 3143 90 3-4- I 
6-5-1 
8-3-1 
5-2-118 

201 
208 
212.5 
22585 

Water 
5 30.4 60-70 3714 75 
4.5 59.1 60-90 4285 120 

13 12.2 85 
2407 266 
2566 159 4857 65 

2566 
2882 
3445 
3631 
3734 
3749 
,4062 
4342 
4358 
4379 
4550 
4613 
4856 
5203 
5248 
5420 
5538 
6334 
6444 
6520 
6649 
6710 
6809 
6868 
6903 
7114 
7179 
7269 
7269 
7337 
7427 

316 
563 
186 
103 
15 

313 
280 

16 
21 

171 
63 

243 
34 7 
45 

172 
118 
196 
110 

76 
129 
61 
99 
59 
35 

211 
65 

0 
68 
90 

go 

45.5 
57 
23.5 
18 
3-314 

38-112 

1-112 
1-112 

15-114 
4-114 

32-314 
35-114 

13-112 
11-114 
40 

5-112 
15 
7-112 
9-112 

20-112 
2-112 
5 

15 
4-11? 

13 
1 
9 
7-11? 

30 

3 

6.9 
9.9 
7.9 
5.72 
4.0 
8.1 
9.3 

10.7 
14.0 
11.2 
14.8 
7.4 
9.8 

15.0 
12.7 
10.5 
19.9 
20.0 

5.1 
17.2 
6.4 
4.8 

23.6 
7.0 

14.1 
14.4 
6.9 

7.6 
12 

25.70 
70 
40-60 
60 
45 
45 
55-65 
30-55 
55 
55 
50 
50-55 
55 
55 
55 
55 

55/45 
45 
15 
15 
25 
15 
18 
30 
15 
35 
20 
4 

20-30 
15-20 

Avg 5306 
5714 

Av.g 4081 
5306 
3673 
3673 

449015306 
244910490 

4490 
4490 
4082 

4490 
4490 
4490 
4490 

Avg 4082 
3673 
1224 
1224 
2041 
1224 
1469 
2449 
1224 
2857 
1633 

4082-4490 

Avg 2041 
Avg 1429 

45.5 
102.5 
125.5 
143.5 
147.25 

2'N50°W 1-1/2"N-6O0E 

2-1/2"N-55"W 
3-1/4'N-7O0W 
No survey 
See repo r t s  

None 
None 
See repor ts  

I, I, 

B i t ,  6 p t .  X-0. SS. 3 pt. monel, 3 pt ,  14-8" DC's. X-0. 6-6-314" DC's, 20 j t s  HWDP 
B i t ,  6 p t ,  X-0. SS. 3 pt. monel, 3 p t .  14-8" OC's, X-0, 10-6-314" OC's. 20 j t s  HWOP 

B i t ,  6 p t .  3 p t .  X-0, SS. 3 pt .  monel, 3 p t ,  14-8" OC, X-0. 10-6-314" OC, 20 HWOP 
B i t .  6 pt,  3 pt, X-0. 15' x 8" monel, 3 p t .  8" OC, 3 pt. 13-8" OC. X-0. 10-6-314" DC, 20 HWOP 
B i t ,  6 p t  , 3 p t  , X-0, 15' x 8" monel , 3 p t  , 8" OC. 3 p t  , 13-8" OC, X-0, 9-6-314" OC, 20 HWOP 
B i t ,  6 p t ,  3 pt. X-0. 15' x 8" monel, 3 pt ,  8" OC, 3 pt ,  13-8" DC, X-0. 8-6-314" OC. 20 HWOP 
B i t .  6 p t ,  3 p t ,  X-0. 15' x 8" monel ,,,3 p t .  8" DC. 3 pt, 13-8" DC, X-0. 8-6-314'' DC, 20 HWOP 

B i t ,  6 p t .  3 p t .  X-0, 15' x 8" monel. 3 pt ,  SS, 8" SOC, 3 p t .  14-8" OC, 8-6-314" DC, 19 HWOP 
B i t ,  6 p t ,  3 pt, X-0, 15' x 8" monel.*3 p t ,  SS, 8" SDC, 3 pt ,  14-8" DC. 4-6-314" OC, 19 HWOP 

B i t .  6 p t ,  3 p t ,  X-0. 15'43" monel, 3 p t ,  SS, 9 ' 4 "  SOC, 3 p t ,  14-8" OC. 4-6-3-4" DC, 19 HWOP 
B i t .  6 p t ,  3 p t ,  X-0, 1 5 ' 4 "  monel, 3 pt, SS. 9'08" SOC. 3 p t .  14-8" DC. 4-6-314" DC. 18 HWOP 
B i t ,  6 pt.  3 pt .  X-0, 1 5 ' 4 "  nonel, 3 p t .  55, 9'-8" SOC. 3 p t .  16-8" DC, 17  HWOP 
B i t .  6 p t .  3 pt, SS. X-0. 3 pt, 30'-8: monel, 3 p t ,  16'8" DC's, X-0, 17 J t s  HWOP 

B i t .  X-0, Baker Motor. f l o a t  sub, X-0: 2" bent sub. X-0. 30'-8" nonel, 11-8" DC's, X-0, 17  j t s  HWOP 

B i t ,  3 pt. SS. X-0. 3 pt ,  monel, 3 p t ,  8-8" OC's. X-0. 9 j t s  HWOP 
B i t ,  X-0, Baker Motor. f l o a t  sub, X-0, 2" bent sub, X-0, 30'-8" monel, 8" OC's, X-0, HWOP 
B i t ,  Dyna-Dri l l .  2' bent sub, X-0. 30'7"8" monel, 10'-8" DC's. X-0, 9 j t s  HWOP 
B i t ,  3 p t .  SS. X-0, 3 p t .  monel. 3 p t ,  12-8" OC's, X-0, 9 j t s  HWOP 
B i t ,  Oyna-Dri l l .  f l o a t  sub. X-0. 2 O  bent sub, X-0. 8" monel, 10-8" OC's, X-0, 9 j t s  HWOP 
B i t ,  3 p t .  5 OC, 3 pt ,  monel, 3 p t ,  18-8" OC's. X-0, 17  j t s  HWOP 
B i t .  X-0. Baker Motor, f l c a t  sub, X-0. 2' bent sub, X-0. 8" monel, 9-8" OC's, X-0. 17  J t s  HWOP 

B i t ,  Nav i -Dr i l l ,  f l o a t  sut. X-0. 2' bent sub, X-0, 8" monel, 9-8" OC's. X-0, 17 J t S  HWDP 

40-65 

55-60 
65-75 

65 

70 
70 
65 

65 
65 
65 
65 
65 
70 
70 
65 
65 
65 

30-65 

1.Baker Motor 
2.Baker Motor 

3.Baker Motor 
4. Oyna-Or i 1 1 

5.Oyna-Drill 

6.Baker Motor 
7.Baker Motor 
8 .Navi -Dr i l l  
9.Navi-Dri l l  

65 

65 

65 

418 2000 
441 1500 
441 1400 

893% 456 1450 
893% 433 1830 
@93% 407 1950 
893% 407 1950 
(693% 453 1800 
893% 453 1800 
P85% 423 1400 
885% 423 1400 
893% 437 1750 
@93% 437 1750 
093% 437 1750 
093% 437 1750 
@93% 437 1750 
893% 437 1750 
093% 361 900 
?93% 361 900 
R93% 394 1600 
093% 351 800 
093% 371 1100 
093% 476 1100 
093% 385 1150 
093% 409 1700 
693% 351 1000 
@93% 351 1000 
R93% 404 1100 

487 1400 

893% 409 950 

5-8- 114 
6-4-114 . 
6-2-114 
4-4- I 
6-5-114 
8-SE-114 
7.SF-1.2,3,1/4,#1CL 
1-SE-I 
Not surfaced 
5-SE-I 
Not surfaced 
6.7. 1/16 
7. SE, 118 
Not surfaced 
Not surfaced 
8.SE.1/8. 50% Broken 
6. SE. 114 
2-SE - 1 18 
5-5-118 
4-5-1 
4-6-114 
6-6-1 
2-4- I 
4-6-1 
8-8- 1 
2-3-118 
5-4-118" 

6-6-118" 8-8- 114" 
pinched 

b g i  
Q9JL 
F5 
HlOO 
544 
544 
544 
Q9JL 
Q9JL 
F5 
555 
555 
555 
555 
4JS 
Q9JL 
H8J 
455 
Q9JL 
H8J 
H8J 
H8J 
Y -44 
5JS 
x-44 
H8J 
H8J 

n 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14-14-8 
14-14-8 
14-14-8 
14-14-6 
14-14-8 
12-12-8 
12-12-8 
14-14-8 
14-14-8 
14-14-8 
14-14-8 
14-14-8 
14-14-8 
14-14-14 
14-14-14 
14-14-8 
14-14-14 
14-14-14 
14-14-14 
14-14-14 
14-14-8 
15-15-15 
14-14-14 
15- 15- 15 
14-14-14 

(L;id Onss) - 
2.8 
Leak i n  OP :: 
3.1 
A i r  B i t  
A i r  B i t  
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
A i r  B i t  

40 
45-112 
45-112 
45-112 
55 
55 
55 
5 
5 

A i r  B i t  
2.55 
A i r  B i t  
A i r  B i t  
A i r  B i t  
A i r  B i t  
2.83 
0.613 
0.613 
Air B i t  
A i r  B i t  
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APPENDIX B (CONT) 
B i t  Pounds Pumo Pumo 

B i t  
Number 

Hrs on Hrs on 
BHA Remarks 

Depth Feet Rotat ing Weight Per Rate Presiure Mud P las t i c  Condit ion 
Shock Sub Jars Deviat ion (PSI) HHP/in.' Weight V iscos i ty  - - _ _ _ - -  Type Jets  Out D r i l l e d  Hours Ft/Hr 10001 Dia in. R PM (GPM) - -  --- --- - - Size - 

12-114" 
12-114" 
12- 114" 
12-114'' 
12-114'' 
12-114" 
12-114'' 
12-114" 
12- 114" 
12- 114" 
12-114'' 
12 - 114 " 
12-114'' 
12-114" 
12-114" 
12-114" 
12-114" 
12-114" 
12-114'' 
12-114" 
12-114" 
12-1/4" 
12-114'' 
12-114" 
12-114'' 
12-114" 
12-114'' 
12-114" 
12-114" 
12-114'' 
12-114'' 
12-114" 
12-114'' 
12-114" 
12-114" 
12-114'' 
12-114" 
12-114" 
12-114" 
12-114" 
12-114" 

12-114" 
12-114" 
12-114'' 
12- 114" 
12-114'' 
12- 114" 
12- 114" 
12-114'' 
12-114'' 
12-114" 
12-114" 
12-114" 
12-114'' 
12-114'' 
12- 114" 
12-114'' 
12-114" 
12-114'' 
9-718'' 

12-114'' 
12-114'' 
12-114" 
7-718" 

12-114" 
7-718" 

12-114" 
8-314" 
8-314'' 
8-314" 
8-314'' 
8-314'' 
8-314'' 
8-314'' 
8- 314 " 

12-114" 

Make 

30 
RRW25 
31 
32 
33 
34 
35 
36 
RRX34 
37 
RR134 
RX37 
38 
RRY38 
RRX34 
39 
40 
41 
RRX39 
42 
43 
RRt43 
44 
RRt44 
45 
46 
47 
48 
49 
50 
RR150 
RR150 
RR149 
51 
RR151 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
RRC62 
64 
RRX62 
65 
66 
61 
68 
RR168 
69 
RR#69 
70 
RRt70 
RR#70 
71 
72 
RRC72 
73 
74 
RRX73 
RR174 
RR173 
75 
76 
77 
RR#77 
78 
RRX77 
79 
'R75 

H8J 
x-44 
F5 
H8J 
Q9JL 
Q9JL 
Q9JL 
Q9JL 
Q9JL 
QSJL 
Q9JL 
Q9JL 
Q9JL 
Q9JL 
Q9JL 

Q9JL 
Q9JL 
F-5 
x-44 
F-4 
F-4 
F-5 
F-5 
J-55 
F-4 
F-4 
"-77 

F-5 
F -5 
F-5 

F-5 

Q9JL 

Q9JL 
QSJL 
Q9JL 
Q9JL 
Q9JL 
Q9JL 
Q9JL 
QSJL 
4JS 
Q9JL 
H l O O  
Q9JL 
GM88 
GM88 
Q9JL 
GM88 
Q9JL 
GM88 
Q9JL 
HH-99 
"-99 

14-14-14 
14-14-8 
14-13-8 
14-14-14 
20-20-20 
20-20-20 
20-20-20 
24-24-24 
24-24-24 
24-24-24 
24-24-24 
24-24-24 
20-20-20 
20-20-20 
20-20-20 
13-13-12 
16-16-16 
16-16-16 
13- 13- 12 
12-12-14 
12-12-13 
12-12-13 
12-12-13 
12-12-13 
12-12-14 
3-12 
3-12 

24-24-24 
12-12-13 
12-12-13 
Open 
12-12-12 
12-12-12 
18-18-18 
Open 
18-18-18 
18-18- 18 
Open 
18-18-18 
12-12-B 
18-18-18 
18- 18- 18 
18- 18- 18 
18-18-18 
Open 
24-24-24 
Open 
24-24-24 
15-15-15 
24-24-24 

Open 

Open 
Open 

7482 
7542 
7845 
71356 
71383 
7905 
7940 
8052 
8052 
8062 
8067 
8159 
8170 
8265 
8265 
8407 
8407 
8407 
8727 
8827 
8925 
9142 
9234 
9348 
9547 
9728 
9850 
9879 
9879 
9924 
9987 

10017 
10017 
10017 
10116 
10116 
10123 
10150 
10150 
10204 
10303 
10334 
10378 
10417 
10372 
10417 
10463 
10463 
10489 
10528 
10528 
L e f t  i n  

9770 
9750 
9998 

10100 
9550 
9820 
9725 
9780 
9800 
9500 
9144 
9158 
9250 
9266 
9300 
9304 

I, I, 

55 
60 

303 
11 
27 
22 
35 

112 
0 

10 
5 

92 
11 
95 
0 

142 
0 
0 

320 
100 
98 

217 
92 

114 
199 
181 
122 
29 
0 

45 
63 
30 
0 
0 

99 
Ream-0 

7 
27 

Ream 0 
54 
42 
31 
44 
39 
0 

30 
46 

0 
26 
29 
0 
0 

6 9.2 
5-112 10.9 

25-314 11.8 
1 11.0 
6.5 4.15 
4.0 5.50 
2.0 17.50 
4.5 24.89 
8.5 
1 10 

10.00 
5 18.40 

.50 22.00 
3.50 27.14 

2-112 
0 

32-112 9.85 
8-112 11.76 

10-112 9.33 
25-112 8.51 
11 8.36 
13-114 8.60 
19-112 10.21 
28-114 6.41 

Ream 16 
10-112 13.52 

20 6.10 
1 29.0 
0 
4 11.25 
6 10.5 
3-112 8.6 
1-112 
1 0 
5 19.8 

10-112 
4 1.8 
1-112 18 
2 0 
4 13.5 
2-114 18.7 
1 31.0 
1-114 35.2 
2 19.5 

Ream 2-112 - 
Ream 112 - 
Ream 4-112 - 2 23.0 

2 13.0 
7 7.1 
0 
0 0 

10 
60 
45-63 
5-10 

10- 15000 
5-20000 
20000 

5-10000 
15000 

15000 
10000 
30000 
30000 
30000 
5000 

50000 

50000 
45000 
50000 
55000 
55000 
55000 
55-58 
35-50 
40000 
20000 

55000 
55000 
45000 

10-15000 

15000 
15000 
8000 

Unknown 
50000 
10000 
10000 
5- 15000 
2-7000 

15000 

5-10000 
35000 

0 

816 
5306 

3673-5143 
408-816 

Avg 1020 
Avg 1224 

1633 
1224 

1224 

2449 
2449 
2449 

4081 

- 

10.Navi-Dri l l  6393% 409 
65 @93% 385 

65-45 6393% 384 
11.DynaTurbine 6393% 450 
12.O.yna-Drill 385 
13.Dyna-Drill 385 
14.Dyna-Drill 385 
15.Navi-Dri l l  404 

40 443 
16.Navi-Dri l l  366 

55 443 
17.Navi-Dri 11 375 
18.Navi-Dri l l  385 
19.Navi D r i l l  385 

60 457 
60 450 

2O.Oyna-Drill 362 
21.Dyna-Dri 11 346 

55 438 
50 428 
50 414 
50 433 
50 433 
50 418 
50 416 
55 404 
50 385 

22.Navi-Drill 385 
23.Navi-Dri l l  

45 414 
50 414 
60 433 

24.Dyna Turbine 409 
25.Dyna Turbine 433 
26.Maurer Turbine 385 

414 
27.Maurer Turbine 385 

950 
1600 
1850 
1530 
1050 
1050 
1000 
900 
600 

1050 
600 

1050 
1100 
1100 
700 

1650 
1800 
2300 
1650 
1600 
1650 
1800 
1800 
1700 
1500 
1750 
1650 
1100 

1700 
1700 
700 

1800 
1850 
1750 
600 

1750 
1700 

700 
1850 
2000 
2200 
1550 
1500 

700 
1500 

700 
1500 
1150 

1150 

Air B i t  

2.75 
1 .oo 
A i r  B i t  
A i r  B i t  
A i r  B i t  
A i r  B i t  
A i r  B i t  
Air B i t  
Air B i t  
Air B i t  
Air A i r  B i t  B i t  

A i r  B i t  
2.56 
A i r  B i t  
Air B i t  
2.32 
2.13 
2.17 
2.48 
2.48 
2.16 
1.96 
1.69 
1.58 
A i r  B i t  
Air B i t  
2.17 
2.17 

A i r  B i t  
A i r  B i t  

A i r  B i t  
A i r  B i t  
A i r  B i t  
A i r  B i t  
A i r  B i t  
A i r  B i t  

Water 

8.33 
8.33 
8.33 
8.33 

8.33 
'8.33 
13.33 
13.33 
8.33 
8.33 
8.33 
8.33 
8.33 
8.33 
8.33 
8.33 
8.33 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 
8.3 t 

8.33 

8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8-8-112'' 
4-5-114'' 
6-SE-118" 
2 -3-31 16" 
5-7-1 
5-5-1 
4-6- I 
5-7-118 
5-5-118 
2-2-1 
5-5-118 
5-6-1 
2-2- I 
4-6- I 
5-5-114 
2-2-118 

1-2-114 
6-5 - 1 14 
2-4-114 
2-4-118 
7-6-114 
4SE-118 
8, SF-114 # I  

6-6-114 
4-4-118 
6-4-118 
1-1-1 
2-2-118 
4-2-118 
5-8-118 
3-3-118 
1-1-1 
6-8-112 

? 
2-2-114 

0 
0 

6-5-112 
2-SF-114 13 
3-5-1116 
2-SE-114 
5-5-112 
1-1-118 
2-2-118 
4-5-112 
2-2-118 
4-6-318 
4-6-114 
1-1-1 
Not seen 
1-1-1 
2-2- I 
2-6-118 
2-4- I 
2-6- I 
2-2- I 
2-4-1 
2-6-118 
3-3-114 
2-2-114 
2-2- I 
2-2- I 
Good 
2-2-118 
Good 

Pinched 

7, SF. 118 X1.2 

2-2-118 1-3-118 

10.5 
25.75 

19 

32-112 
8-112 

19 

0 

25.75 
26.75 
33.25 
37.25 
39.25 
43.75 
52.25 
53.25 
57.25 
62.25 
62.75 
66.25 
82.25 
92.75 

2.5 
2.5 

34.5 
43 
10-112 
36 
47 
60- 1 14 
79-314 

108 
128 
129 
129 

4 
10 
13-112 
15 
16 
21 
31-112 
35-112 
37 
39 
43 
45-114 
46-114 
50 
57 
59-112 
60 
62 
66-112 
68-112 
74-112 
74-112 

B i t ,  Nav i -Dr i l l ,  f l o a t  sub, X-0. 2" bent sub, X-0. 8" monel, 9-8" DC's, X-0. 17 j t s  HWOP 
B i t ,  3 p t ,  SS, 3 p t ,  30'-8" monel, 3 p t ,  18-8" DC, X-0, 17  j t s  HWDP 
Bit,BH, 3 p t ,  X-0.X-0,SS.X-0, 30'-6-314'' monel, 30'-6-314'' OC, X-0. 3 p t .  30'-8" DC, 3 p t .  16-8" DC. 7-314 ja rs .  X-0, 
B i t ,  X-0, Turbine, X-0, B S ,  MSS. SS, X-0. 8" monel 30' ,  9-8" DC. jars ,  X-0, 17 j t s  HWOP 
B i t .  Dyna-Dri l l ,  X-0, X-0, f loat .  XnO, 1-112" bent sub, mule shoe, K-0, 8" monel, 11-8" DC's. j a rs ,  X-O, *17  j t s  HWOP 

Cone locked up 
Put r i g  on standby; out o f  funds 
Pul led Pul led t o  due make t o  s teer ing motor run too l  f a i l u r e  

Dyna O r i l l  q u i t  
Eye too l  q u i t  
Dyna Good D r i l l  run f i n a l l y  q u i t  

Reaming torque 500 amps, D r i l c o  8" shock sub bad 
Could not o r i e n t  because o f  torque 
Ream hole again 

Nav i -Dr i l l  f roze up 

Ream m o t o r d r i l l  hole; reamed hard 
T r i p  f o r  ho le i n  d r i l l  s t r i n g  
Tachometer not working; could not get t u rb ine  t o  d r i l l  
H i t  obst ruct ion at 7130'; j a r  loose; ream 7130' t o  7230' wl turb ine tachometer working 
Pul led t o  run bu i l d ing  assembly 

Bu i l d ing  too f a s t  
T r i p  f o r  b i t  
Pul led due t o  excessive hole drag 
T r i p  f o r  b i t  
T r i p  f o r  b u i l d i n g  assembly 
Walking t o  l e f t  too f a s t  
Pul led t o  make motor run 
Motor stopped 
Motor wouldn't  d r i l l  
Lost c i r cu la t i on ;  p u l l e d  t o  run temperature survey 
Angle dr ipp ing;  pu l led t o  run tu rb ine  
Run t o  cure l o s t  c i r c u l a t i o n  
T r i p  f o r  ho le i n  d r i l l  s t r i n g  
Turbine would not t u r n  
Pul led f o r  new b i t  
Ream hole 
Tu rbodr i l l  locked up 
B i t  Ream locked hole up 

Pul led f o r  new b i t  
Pul led f o r  motor correct ion 
Motor locked up 
Dropping angle 
Wire l ine t ruck  l o s t  power take-of f  
Hole too t i g h t  t o  ream; t w i s t  o f f  
Clean hole up a f t e r  f i s h i n g  job 
Turbine gave ou t  
Ream hole 

Twisted o f f  box ~n 6-314" DC 

Sec 
HTC 
STC 
Sec 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
HTC 
STC 
STC 
STC 
STC 
HTC 
STC 
STC 
HTC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
Sec 
STC 
Sec 
Sec 
STC 
Sec 
STC 
Sec 
STC 
HTC 
HTC 
STC 
S TC 
STC 
STC 
STC 
STC 
STC 
STC 
HTC 
HTC 
STC 
STC 
STC 
STC 
STC 
STC 

17 j t s  HWDP 

j t s  HWDP 

B i t ,  Nav i -Dr i l l .  X-0, X-0. f l o a t ,  X-0, 1-112" bent sub, mule shoe, K-0, 8" monel, 11-8" DC's. j a rs ,  X-0, 10 j t s  HWOP 
B i t ,  6 p t ,  S S .  3 p t ,  8" monel, 3 p t ,  11-8" OC's. j a rs ,  X-0, 17 j t s  HWDP 
B i t ,  Nav i -Dr i l l .  X-0, X-0, f l o a t ,  X-0, 1-112' bent sub, mule shoe, K-0, 8" monel, 11-8" OC's. j a rs ,  X-0, 17 HWDP 
B i t ,  6 p t ,  5 OC. 3 pt,  8" monel, 3 p t ,  11-8" OC's. j a rs ,  X-0. 17 j t s  HWDP 
B i t ,  Nav i -Dr i l l ,  X-0, X-0, f l o a t ,  X-0, 1-112' bent sub, mule shoe, X-0, 8" monel. 11-8" OC's, j a rs ,  X-0, 17 j t s  HWDP 

16-1/4"No9E 

B i t .  6 p t ,  SDC. 3 p t .  8" monel, 3 p t ,  1 14-8" DC's, j a rs ,  X-0. 17  j t s  HWDP 

B i t ,  b i t  sub. turbine, X-0. X-0, X-;, f l o a t ,  12-8" DC's, j a rs ,  X-0, 1 7  j t s  HWDP 

B i t .  6 p t ,  SS, 3 p t ,  f l o a t  sub, X-0, 8" monel, 3 p t ,  14-8" DC's, jars .  X-0. 17  j t s  HWDP 
B i t ,  3 p t ,  X-0, SS, X-0, 1-6-314'' monel, 1-6-314'' OC, X-0, 3 p t ,  1-8" DC. 3 p t ,  11-8" DC. j a rs ,  X-0, 17 j t s  HWDP 
B i t ,  3 p t ,  f l o a t ,  X-0, X-0, SS, X-0, 1-6-314'' monel, 1-6-314"' OC. X-0, 3 p t ,  1-8" DC, 3 p t .  11-8" OC's, j a rs ,  X-0, 17 
B i t ,  6 pt ,  f l o a t ,  X-0, 30'-9" OC, X-0, 3 p t .  X-0. 30' monel. 3 p t .  13-8" DC, j a rs ,  X-0. 20 j t s  HWDP 
B i t .  6 p t ,  f l oa t ,  X-0, 30'-9" DC, XnO. 3 p t ,  X-0, 8"30' monel, 3 pt, 13-8" OC. 7-314'' j a rs .  X-0, 20 HWDP 

B i t ,  3 p t .  f l o a t ,  X-0, X-0, X-0. 6-314" monel, 1 - 6 4 4 ' '  DC, X-0, 3 p t ,  13-8" DC's j a rs ,  X-0, 20 j t s  HWOP 
B i t ,  3 pt.  f l o a t ,  X-0, X-0, X-0, 6-314" monel, X-0, 3 p t ,  13-8" DC's, j a r s ,  X-0. 20 j t s  HWDP 
B i t ,  Navi D r i l l ,  X-0, X-0, f l o a t  sut, X-0, 1-112' bent sub, WSS. X-0, 1-8" monel, 13-8" DC's, j a rs ,  X-0, 20 j t s  HWDP 

B i t ,  3 pt,  f l o a t  sub, X-0, X-0. 1-6-314'' monel. X-0. 6-314'' SOC, X-0. 3 p t ,  13-8" DC's, jars ,  X-0, 18 j t s  HWDP 

4081 
3673 
4082 
44 90 
4490 
4490 

4490-4735 
Avg 3469 

3265 
1633 

4490 
4490 
3673 

- 

B i t ,  TB. 6 p t .  SDC. 3 p t ,  X-0. monel, short monel. 13-8" OC's, jars .  X-0, 18 j t s  HW 
B i t ,  X-0, t u r b o d r i l l .  X-0. X-0, X-0. FS, X-0. X-0. 1-112' BS, MSS, X-0, monel. 13-8%C's, j a rs ,  X-0, 17  j t s  HWDP 

B i t ,  t u r b o d r i l l .  1-112" BS. MSS, X-0, 8"-30' monel, 13-8" DC. j a rs ,  X-0. 18-5" HWOP 
B i t ,  JB, 3 pt, f l o a t ,  X-0, 8"-30" monel, 13-8" DC. j a r s .  X-0, 18-5" HWDP 
B i t ,  turbo, 1-112" BS, MSS, X-0, 301-8'' DC, 13-8" DC. j a rs ,  X-0, 18-5" HWDP 

B i t ,  BH 3 pt ,  FS, X-0. 30'-8" monel. 13-8" OC. j a r s .  X-0, 18-5" HWOP 
B i t ,  turbo. 1-112' FS, MSS, X-0, 8"-30' monel, 13-8" OC, j a r s ,  X-0. 18-5" HWDP 
B i t ,  BH 3 pt, FS, X-0. 30'-8" monel, 15'-8" monel. 13-8" DC, j a rs ,  X-0, 18-5" HWDP 
B i t ,  turbo, 2' BS. MSS, X-0, 8'-29" monel, 8"-15' monel, 13-8" DC. j a rs ,  X-0, 18-5" HWDP 
B i t ,  turbo. 1-112" BS. MSS, X-0, 8"-29' monel. 8"-15' monel, 13-8" DC's. j a rs .  X-0. 18-5" HWDP 
B i t ,  turbo. 2' BS, HSS, X-0, 8"-29' monel. 8"-15' monel, 13-8" DC's, j a r s ,  X-0, 18-5" HWDP 
B i t  6 pt, X-0, FS, 29'-8" monel, 15'-8" monel, 13-8" DC's. j a rs ,  X-0, 18-5" HWDP 
B i t :  JB, X-0. X-0, 2-6-314" monel, 3-6-314'' DC's, 9 j t s  HWDP, j a rs ,  6 j t s  HWDP 
B i t  turbo, 2' bent sub, MSS, X-0, X-0, X-0, 2-6-314'' monel, 3-6-314'' DC's, 9 j t s  HWDP, j a rs ,  6 j t s  HWDP 
B i t :  JB, X-0. X-0. 2-6-314" monel. 3-6-314'' OC's. 9 j t s  HWDP, j a rs ,  6 j t s  HWDP 
B i t ,  turbo, 1-112" bent sub, MSS, X-0, X-0, X-0, 2-6-314'' monel, 3-6-314'' DC's. 9 j t s  HWDP, j a r s ,  6 j t s  HWDP 
B i t ,  X-0, 3 p t ,  X-0, X-0, 2-6-314" m n e l .  6-6-314" OC's, 9 j t s  HWDP, j a rs ,  6 j t s  HWDP 
B i t ,  turbo, 1-112' bent sub, MSS, X-0. X-0, X-0, 3-6-314" monel. 3-6-314" DC.'s. 9 j t s  HWDP, j a r s ,  6 j t s  HWDP 
B i t ,  3 p t ,  X-0. 1-6-314'' DC. X-0, 3 p t ,  X-0. 2-6-314'' DC's, 9 j t s  HWDP. j a rs ,  6 j t s  HWDP 
B i t ,  underreamer, X-0. 6-8" DC's. X-0, j a r s .  X-0 
B i t ,  X-0, 6-8" DCls, X-0, j a rs ,  X-0 

B i t .  X-0, f l o a t ,  6-8" DC's, X-0. j a rs ,  X-0 
B i t ,  JB, X-0, f l o a t  sub. 6-8" DC's. X-0. j a r s ,  X-0 
B i t ,  X-0. f l o a t  sub, 6-8" DC's, X-0, j a rs ,  X-0 
B i t ,  JB. X-0, f l o a t  sub, 6-8" DC's, X-0, j a r s ,  X-0 
B i t ,  X-0, DynaDri11, X-0. 2-8" monel, X-0. jars ,  X-0, 12 j t s  HWDP 
B i t ,  junk basket. X-0, 6-8" DC's, X-0, j a r s ,  X-0, 12 j t s  HWDP 
B i t ,  junk basket, X-0, 5-8",,DC's, X-0, j a rs .  X-0, 12 j t s  HWDP 

- - 
4082 
1224 
816 

408-1224 
163-571 

1224 

612.2 
2887 

0 

28.Maurer Turbine 
45 

385 
414 
395 
313 
424 
361 
36 1 

415 
632 
415 
362 
394 

399 

29.Maurer Turbine 

3O.Maurer Turbine 
31.Maurer Turbine 
Maurer Turbine 
45 
45 
Maurer Turbine 
45 
Maurer Turbine 
55 
Maurer Turbine 

65 

24-3/4"N66E 

24- 314 ON66E 

26-114ON66E 
Could not get turb ine t o  t u r n  
Twisted o f f  wh i l e  reaming l o s t  b i t  I n  ho le 
Run on underreamer, would not go through casing 
O r i l l  cement p lug  
D r i l l  cement; plugged b i t  w l cu t t i ngs  
D r i l l  cement"p1ug - s o f t  

D r i l l  cement p lug  - s t i l l  s o f t  
D r i l l  cement p lug  - s t i l l  s o f t  
D r i l l  cement p lug - s t i l l  s o f t  
Sidetrack attempt, t ime d r i l l  
Ream out sidetrack hole 
D r i l l  cement - st111 s o f t  
D r i l l  cement - s t i l l  s o f t  
Core cement 
D r i l l  cement 
Core cement - looks hard 
D r i l l  cement 
Attempti ng sidetrack 

DSJ Open 
DSJ Open 
DSJ Open 
OSJ Open 
OTJ Open 
DTJ Open 
DTJ Open 

"77 Open 
"77 Open 
OSJ Open 
Core B i  
DSJ Open 
Core B i t  
OSJ Open 

Q9JL 16-16-16 

7GA 16-16-16 

32 
562 
559 
543 
122 
270 
597 
55 
76 

121 
66 
15 
92 
16 
34 
4 

1 
22 
10 
15.5 
4 
8.5 

29 
8 
8 
9 
2 
1 
2-112 
1-112 
1 

10-112 

32 
25.5 
55.9 
35.0 
30.5 
31.8 
20.5 
6.9 
9.5 

13.4 
33.0 
15.0 
36.8 
10.7 
34.0 
0.4 

5000 

5000 
5000 
5000 
5000 
5000 
2000 

10000 
2- 15000 
5-10000 
3000 
10000 
10000 
7000 

Time D r i l  

5- 1000 
4 08 

Avg 612 
408 
408 
408 
408 
408 
163 
816 

Avq 408 
Avg 612 

816 
816 
571 

1 -  

65 
65 
60 
60 
60 
60 
60 
Dyna D r i l l  
60 
60 
60 
36 
60 
35 
60 
Dvna-Ori 1 1 

332 900 
423 1000 
423 1000 
390 1000 
407 1000 
423 1100 
448 1400 
351 1000 
403 1000 
448 900 
395 950 
124 
395 850 
124 
395 850 
344 950 

Core b i t ,  core bbl, X-0, 5-8" DC's, X-0, j a rs ,  X-0. 12 j t s  HWDP 
B i t ,  junk basket, X-0. 5-8" DC's. X-0, j a rs ,  X-0, 12 j t s  HWDP 
Core b i t .  core bbl. X-0. 5-8" DC's. X-0, j a r s .  X-0, 12 j t s  HWDP 
B i t ,  junk basket, X-0, 3-8" DC's, X-0, j a rs ,  X-0. 12 I t s  HWDP 
B i t ,  OD. DynaFlex f l oa ts ,  MSS. monel, monel, X-0, 5-8" DC's, X-0. j a r s ,  X-0. 12 j t s  HWDP 

2-4- 1 
_ _ _  

8.3 
8.3 Good 
8.3 Good 
8.3 Good 
8.3 Goodlworn on gauge 
8.3 Lost 3 nose cones 

10-112 1.4 Time D r i l l  - G n a - D r i i l  344 1500 
9323 4 5-112 0.7 Time D r i l l  - Oyna-Ori l l  329 1400 
9323 0 2 - Oyna-Dri l l  329 1400 

112 4.0 395 850 
9329 4 7.5 0.5 Time O r i l l  - Dyna-Dri l l  315 1000 

8.5 1.2 Time D r i l l  - Dyna-Dri l l  337 1400 

Reed 82JA 14-14-14 9319 15 
Chris Diamond 
Chris Diamond 
Sec S35J Open 9325 2 
Chris Diamond 
Reed 7WA 13-13-13 9339 i o  
STC 7GA 16-16-16 9382 43 7.0 6.1 5000 408 nvna-nri  11 

B i t ,  JB, f l o a t  sub, MSS, monel, monel. X-0. 5-8" DC's, X-0, j a rs ,  X-0, 12 j t s  HWOP 
B i t ,  OynaDri l l ,  f l o a t ,  MSS, monel, monel, X-0, 5-8" DC's, X-0, jars ,  X-0. 12 j t s  HWOP 

8.3 6-6-118 

Attempting sidetrack; diamond b i t  grooved on top 
Suspected junk i n  hole; b i t  more grooved on top  
D r i l l  on junk? 
Attempting Sidetrack 
Lost 3 nose cones; attempting s idet rack 
Buttons worn down 

121 





d* t  
Number 

B i t  Pounds 
Weight Per 

Depth Feet Rotat ing RPM ------ Out D r i l l e d  Hours F t I H r  10001 Oia in. - Size Make Type Jets - - -  
80 
RRX80 
RRt73 
81 
82 
83 
84 
RRX74 
85 
86 
RRX83 
87 
RRX85 
88 
RRX88 
89 
90 
91 
92 
RRX90 
93 
RRC93 
RRX93 
94 
95 
RRI.95 
96 
RRX% 
RRX96 
97 
RR196 
RR197 
98 
99 
100 
RRX98 
101 
RRXlOO 
102 
103 
RRXlO2 
104 
105 
106 
R R C l O I  
107 
108 
109 
110 
111 
112 
113 
114 
115 
RR113 
116 
RR113 
117 
118 
119 
120 
121 
RR121 
122 
RR122 
123 
RR123 
124 
RR123 
125 
RR 18 
126 
127 

8-314" 
8-314" 

12-114" 
12-114" 
12-114" 
12-114" 
12-114" 

7-718" 
12-114" 
8-314" 

12-114" 
12-114" 
12- 114" 
12-114" 
12-114" 
12-114" 
12 - 1 14 " 
12-114" 
12-114" 
12-114'' 
12-114" 
12-114" 
12-114" 
12-114" 
12- 114" 
12-114" 
12-114" 
12-114" 
12-114" 
12-114' 
12-114" 
12-114' 
12-114'' 
12-114" 
12-114'' 
12-1/4" 
12-114'' 
12-114" 
12-114" 
12-114'' 
12-114'' 
12-114'' 
9-718'' 
8-314" 

12-114" 
8-314' 
8-314" 
8-3/4* 
8-314'' 
8-314'' 
8-314' 
8-314'' 
8-314" 
8-314' 
8-314'' 
8-314" 
8-314" 
8-314" 
8-314" 
8-314'' 
8-314" 
8-314'' 
8-314'' 
8-314" 
8-314'' 
8-314" 
8-311" 
8-31)" 
8-314" 
8-31)' 

12-114 
8-112 
8-112 

STC 
STC 
STC 
Sec 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
HTC 
STC 
STC 
HTC 
HTC 
HTC 
STC 
HTC 
STC 
SEC 
STC 
STC 
Sec 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
STC 
HTC 
STC 
STC 
Sec 
STC 
STC 
Sec 
HTC 
STC 
HTC 
STC 

STC 
STC 
STC 
STC 
STC 
STC 
SEC 

7GA 
7GA 
OS J 
H-0 
OS1 
Q9JL 
OSJ 
Core B 
SOGH 
H-88 
Q9JL 
Q9JL 
SOGH 
Q9JL 
QYJL 
4JS 
Q9JL 
Q9JL 

Q9JL 
F-4 

F-5 
F-5 
F-5 
x-44 
F-5 
F-5 
5-44 
5-44 
5-44 
Q9JL 
5-44 
Q9JL 
GM88 
Q9JL 
F-5 
GM88 
Q9JL 
F-5 
F-5 
F-5 
F-5 
Q9JL 
Q9JL 
7GA 
Q9JL 
7GA 
"-55 
4GA 
7GA 
H-88 
7GA 
7GA 
H-88 Open 
"-77 22-22-22 
7GA 12-12-12 
"-77 20-20-20 
7GA 12-12-12 

STC 7GA 12-12-12 
STC 7GA 12-12-12 
HTC "-77 24-24-24 
Sec H-88 Open 
STC 7GA Open 
STC 7GA 12-12-12 

STC 7GA 12-12-12 
STC 7GA Open 

STC 7GA 11-11-13 
7GA 13-13-13 
V2HJ Open 
7GA 13-13-13 
7GA 11-11-11 
L4HJ Open 
S06H 16-16-16 
H-77 Open 

16-16-16 
16- 16-16 
Open 
Open 
Open 
Open 
Open 

Open 
18-le-18 
16-16-16 
16-16-16 
15-15-12 
13- 13- 14 
13- 13-14 
11-13-14 
16-16-16 
16-16-16 
13-13-13 
24-24-24 
13-13-13 
13-13-13 
13-13-13 
12-14-14 
13-13-14 
13- 13-14 
12-14-14 
12-14-14 
12-14-14 
24-24-24 
12-14-14 
24-24-24 
12- 12- 15 
24-24-24 
12-12-14 
12-12-15 
'24-24-26 
12-12-14 
12-12-14 
24-24-24 
12-12-14 
24-24-24 
12-12-12 
11-11-13 
24-24-24 
11-11-13 
12-12-12 
11-11-11 
22-22-22 
11-11-11 
11-11-11 
12-12-12 

i t  

9386 
9416 
9329 
9377 
9385 
9501 
9270 
9277 
9310 
9396 
9435 
9439 
9441 2 
9452 8 
9461 9 
9558 
9559 
9631 
9729 
9771 
9883 
9883 
9884 

10082 
10130 
10212 
10226 
10226 
10226 
10226 
10226 
10245 
10255 
10352 
10352 
10400 
10460 
10573 
10573 
10654 
10734 
10791 
10811 
11120 
11120 
11454 
11595 
11 926 
11951 
11982 
12079 
12100 
12123 
12186 
12191 
12310 
12412 
12576 
12895 
12961 
12961 
12961 
13365 
13365 
13365 
13365 
13365 
13338 
13494 
13933 
10783 
11241 
13933 

4 
28 
42 
42 
8 

115 
97 

7 
33 
86 
39 
4 

80 
57 
20 

309 
0 

334 
141 
331 

25 
31 
97 
71 
23 
63 
5 

119 
102 
164 
319 
66 

0 
0 

s i  
1 

72 
98 
42 

112 
0 
1 

198 
46 
82 
14 
0 
0 
0 
0 

19 
10 
97 
0 

48 
60 

113 
0 

81 

404 
0 
0 
0 
0 
8 

156 
439 

1234 
224 

0.5 
18.5 
5.0 
5.0 
1.5 

1 7  
6.5 
1 
2 

16.5 
25.0 
21.5 

3 
10.5 

5 
13.5 
0.5 
5.0 

12.5 
3.0 

16.0 
0 
0.25 

29.5 
7.5 
8.0 
1.5 

3 
1.5 
3.5 
0 

14 
0 

15-114 
0 
5-112 

12 
d 
2.5 

33 
0 

26.5 
10 
30 
2 
3 

11 
1.5 
1.5 
1.5 
0.5 
3.5 
8 

15.5 
37 

2 
0 
0 

40 
0 
0 

Ream 3 
" 3 

2.5 
13 
34.5 

23.5 

8.0 
1.5 
8.4 
8.4 
5.3 
6.8 

14.9 
7.0 

16.5 
5.2 
1.6 
0.2 
0.7 
0.8 
1.8 
7.2 

14.4 
7.8 

14.0 
7.0 
0 
4 

67 
6.1 

10.2 
9.3 

6.3 
6.7 

27.7 
0 
3.4 
0 
7.4 
0 

14.7 
6.7 

14.3 
8 
9 
0 

12.6 
14.1 
11.0 
12.5 
10.3 
8.8 

19 
15.3 
42 

2.5 
34 
12.8 
10.6 

8.6 
33 

10.1 
0 
0 
0 
0 
3.2 

12 
12.7 

52.5 

inooo 816 
Time O r i l l  
5000 408 
5000 408 
5000 408 

30000 2449 
ionoo 816 
8000 653 

10000 816 
Time Orill - 
5-10000 Avg 612 
10-30000 Avg 1633 
10-20000 Avg 1224 
5-10000 Avg 612 

10-15000 Avg 1020 
45000 3673 
10000 8000 

5-15000 1224 
45000 3673 
15000 1224 
50000 4082 

40000 3265 
45000 3673 
45000 3673 
40000 3922 
40000 3265 

- 
15000 1224 Turbo O r i l l  
40000 3265 60 
10000 816 Turbo O r i l l  

5-10000 - 60 
30000 2449 60 
10000 816 Turbo O r i l l  

3673 60 45 
10 816 60 

980 Turbo D r i l l  12 
45 3673 45-60 

10-12000 980 Turbo O r i l l  
50 5063 45 

45000 5142 45-60 

45000 5143 60 
50000 5714 60 
40000 4571 45 

40000 4571 45 
45000 5142 40-45 
45000 5142 45 

10-12000 1371 Turbo O r i l l  

5-8000 914 Turbo O r i l l  
10-15000 1714 Turbo D r i l l  

45000 5143 45 
15000 1714 Turbo O r i l l  
45000 5143 45 
45000 5143 50-60 
35000 4000 45 

7-12000 1371 Turbo O r i l l  - Turbo O r i l l  - Turbo O r i l l  

- Turbo O r i l l  
40000 4571 60 

30000 3429 
45000 5143 
45000 5143 

10-15,000 1764 
10-10,000 1176 

60 
60 
60 
55 
60 
60 

50 

45 
oyna-Ori 11 
55 
55 
55 
50 
60 
40 
60 
Oyna-Ori 11 
60 
60 
60 
45-60 
60 
45 
Oyna-Ori 11 
Oyna-Ori 11 

45 
60 
60 
60 
60 

Pump Pump 
Rate Pressure 
(GPM) (PSI) - 

402 
402 
439 
439 
439 
455 
415 
110 
415 
315 
395 
403 
381 
388 
395 
337 
325 
325 
359 
322 
351 
322 
344 
351 
395 
395 
366 
344 
375 
373 
329 
360 
365 
365 
365 
365 
329 
375 
375 
350 
375 
351 
410 
402 

388 
388 
388 
262 
307 
404 
440 
205 
205 
396 
228 
425 
388 
395 
220 

220 
395 
220 

402 
402 
381 
381 
366 
380 
366 
424 

1200 
1500 
1000 
1000 
1000 
1000 
1000 

125 
1000 
1050 
1200 
1250 
1600 
1200 
1200 
1925 
1500 
1500 
1900 
1500 
1800 
1500 
1800 
1800 
1800 
1800 
1500 
1200 
1300 
1500 
1300 
1850 
1500 
1900 
1550 
1500 
1500 
1500 
1500 
1800 
1500 
1700 
1600 
1600 

1600 
1600 
1600 
2000 
1850 
1600 
1650 
1700 
1700 
1600 
1950 
1900 

15-1700 
1750 
1800 

1800 
1800 
1800 

1400 
1300 
1000 
1300 
1600 

900 
1350 
1500 

A i  r 
A i  r 
Air 

HHPli h2 

i t  
i t  
i t  

Ai r  B i t  
Air  B i t  

- 

A i r  B i t  

- 

Mud 
Weight 

P las t i c  
v i scos i t y  

8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 

8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
843 
8.3 

Condition 

2-2-118 
4-8-118 
8-2-118 
2-8-118 
8-8-1-112 
2-2-1 
Metal i n  b i t  
Stratapax chipped/!3ood 
2-2-1 
2-5-118 
3-4- I 
8-3-1 
8-8-114 
3-2-1 
4-2-1 
3-2-1/4 
1-1-1 
2-2-1 

4-3-114 
5-8-114 
2-2- I 
5-3-114 

2-2-118 
2-2-118 
2-2-118 
2-2-118 
2-5-114 
2-2-1116 
3-4-114 
2-SE-1/16 
2-6-114 
6-4-318 
8-SE-114 
1-1-118 
4-7-114 
3-SE-118 
3-5-114 
3-5- I 
5-7-114 
3-5-1/4 
4-6-118 
3-3-1116 

8-6-318 
2-8- I 
2-4- I 
1-1-1 
8-6-114 
4-4-118 
2-2- I 
6-8-114 
4-4-118 
2-4-1 
2-2-1/8 3-5- I 

pinched 
1-2-118 
4-4-114 

2-2- I 
2-2- I 
4-5-1116 
2-4-1116 
8-8-318 

4-8-1 

APPENDIX B 
Hrs  on Hrs on 

Shock Sub Jars Deviat ion 

- 

29.5 
37.0 
51.0 

1.5 
1.5 

1 

10 
40 

10.5 
15.5 
29.0 
29.25 
34.25 
46.15 
49.75 
65.75 
65.75 
66.00 
95.5 

102.5 
116.5 
118.0 
118.0 

0 
0 
1 
1 
2.5 
2.5 
8.5 

30.0 
30.0 
45.25 
52.25 
52.25 
64.25 
64.25 
66.75 
99.75 

0 
26.5 
10 
40 
0 
4.5 

110.75 
1.5 
1.5 
1.5 
6.5 
6.5 

17.5 
36.5 
75 
75 
75 
75 
15 
0 

3 
6 

14 
27 
34.5 

(CONT) 

BHA 

B i t ,  3 p t .  f l oa t .  2-6-114" monel. 4-6-3/4" OC's, X-0. 7-8" OC's. X-0, jars ,  X-0. 12 j t s  HWOP 
B i t ,  00. Oynaflex. X-0, f l o a t .  MSS. 2-6-114" monel, 4-6-314" OC's, X-0. 7-8" OC's, X-0, j a rs ,  X-0. 12 j t s  HWOP 
B i t ,  b i t  sub. f loat ,  2-6-1/4" monel, 4-6-3/4" OC's, X-0, 12 j t s  HWDP 
HO, X-0, f l oa t  sub, 7-8" OC's, X-0, j a rs ,  X-0, 12 j t s  HWDP 
B i t ,  XO. f l o a t  sub, 7-8" O C ' f ,  X-0, j a rs .  X-0. 12 j t s  HWOP 

B i t .  junk basket, X-0, 6-8" OC's, X-0, j a r s ,  X-0, 12 .Its HWOP 
B i t ,  core bbl. X-0, f l o a t  sub, 6-8" OC's. X-0, j a rs .  X-0, 12 j t s  HWOP 
B i t ,  junk basket, X-0, 6-8" OC's, X-0, j a rs ,  X-0, 12 .Its HWDP 
B i t ,  OynaOril l, X-0, MSS. 2-6-1/4" monel, 4-6-314" OC's. X-0. 6-8" OC's, X-0, Jars, X-0. 12 i t s  HWOP 
B i t ,  f l o a t  sub, 3 pt .  X-0, 2-6-114" monel, 4-6-314" OC's, X-0. 6-8" DC's. X-0. j a r s ,  X-0. 1 2 ' j t s  HWOP 
B i t ,  JB. 3 p t ,  X-0, 2-6-114" monel. 4-6-314" OC's, X-0, 6-8" OC's, X-0. j a rs ,  X-0, 12 j t s  HWOP 

B i t ,  X-0, 6-1/4" monel. j a rs ,  X-0. 12 j t s  HWOP 
B i t ,  JB, X-0, 6-114" monel, jars ,  X-0. 12 j t s  HWOP 
B i t ,  f l o a t  sub, 3 pt .  X-0. 2-6-114" monel, 2-6-314" DC's. X-0, 9-8" OC's, X-0, j a rs ,  X-0, 12 j t s  HWOP 
B i t ,  OynaOril l. (7-314"). f loat .  1-112O bent sub. 28" monel. 9-8" OC's, X-0. j a rs ,  X-0, 12 j t s  HWOP 
B i t ,  OynaOri11 (7-314") f l oa t ,  1-112' bent sub, 28" monel, 9-8" OC's. X-0, j a r s ,  X-0. 12 j t s  HWOP 
B i t ,  f l oa t ,  6 p t ,  monel, 9-8" OC, X-0. j a rs ,  X-0. 12 j t s  HWOP 
B i t ,  OynaOri11. f loat ,  2O bent sub. 1 monel. 9-8" OC. X-0, j a rs ,  X-0. HWOP 
B i t ,  3 pt .  f loat .  1 monel. 9-8" OC, 1 X-0. j a r s ,  X-0. 12 j t s  HWOP 
B i t ,  3 pt .  f loat ,  2 monels. 3 p t ,  9-8" OC, 1 X-0. 1 ja r ,  1 X-0. 12 j t s  HUOP 
B i t ,  3 p t ,  f l oa t ,  2 monels, 3 p t ,  9-8" OC. X-0, j a rs .  X-0, 12 HWDP 
B i t ,  f l o a t ,  6 p t ,  shock sub. 2 monels. 9-8" OC. X-0. j a r s ,  X-0, 12 HWOP 
B i t ,  6 p t ,  f l oa t ,  shock sub. 1 monel. 9-8" OC, X-0. j a rs ,  X-0. 12 HWOP. 26 s t d  OP, X-0, 3 pt .  X-0 
B i t ,  3 p t .  f loat ,  shock sub. 1 monel. 9-8" OC, X-0, j a rs ,  XO, 12 HWOP, 26 stds OP, X-0, 3 p t ,  X-0 
B i t ,  3 p t ,  f loat ,  shock sub, 1 monel, 9-8" OC. X-0, j a r s ,  X-0, 12 HWOP 
B i t ,  3 p t ,  f loat .  shock sub. 1 monel, 9-8" DC. X-0, jars ,  X-0. 12 HWOP 
B i t ,  f l o a t ,  1 monel. 5-8" OC, X-0, j a rs ,  X-0. 15 HWOP 
B i t ,  t u r b o d r i l l ,  1-112' bent sub, 2 monels, 5-8" OC. X-0, j a rs ,  X-0, 15 HWOP 
B i t ,  3 pt .  f loat ,  sub, shock sub, 2 monels, 5-8" OC, X-0, j a rs ,  X-0, 15 HWOP 
B i t ,  t u r b o d r i l l ,  1-112' bent sub. 2 monels. 8-8" OC, X-0, j a rs ,  X-0, 15 HWOP 
B i t ,  6 pt .  f l o a t  sub, 2 monels. 8-8" OC, X-0, j a rs ,  X-0, 15 HWOP 
B i t ,  turbo, f l o a t  sub, bent sub, 2 monels. 8-8" DC, X-0. j a rs ,  X-0, 15 j t s  HWDP 
B i t .  f l oa t .  3 D t .  2 - 8' monels. 10-8" OC's. X-0. iars .  X-0. 15 HWDP . -~ ~ 

B i t ;  6 p t , ~ S  OC;3 p t ,  X-0, 2 --8" monels. 4-8' OC's. i -O,- jars,  X i O ,  15 j t s  HWOP 
B i t ,  turbo, f l o a t  sub, 2" bent sub. 2-8" monels. 7-8" OC's, X-0, j a r s ,  X-0, 15 j t s  HWDP 
B i t ,  f loat .  3 pt .  2 - 8" monels. 7-8" OC's. X-0. j a rs ,  X-0, 15 j t s  HWDP 
B i t ,  6 p t ,  short  DC, f l o a t ,  3 pt ,  X-0. 2 - 8" monels, 4-8" OC's, X-0, jars .  X-0. 15 HWOP 
B i t ,  turbine, f l oa t ,  bent sub. 2 - 8" monels. 7-8' OC's, X-0. j a rs ,  X-0, 15 HWOP 
B i t ,  f l oa t ,  3 p t ,  shock sub, 2 - 8' monels. 7-8" OC's, X-0. j a rs ,  X-0, 15 HWOP 
B i t ,  turbine, f loat ,  2' bent sub, 2 - 8" monels, 7-8" OC's, X-0. j a rs ,  X-0. 15 HWOP 

3 pt .  X-0. SOC. 3 pt .  X-0. X-0. f l o a t  sub. 2 monels. 7-8" OC's. X-0, j a rs ,  X-0. 15 HWOP 
7GA). 6 p t  w/ f loat  a t  btm. X-0, SOC. 3 p t ,  monel, 3 p t ,  monel, X-0. 11-6-314" OC. j a rs ,  X-0. 15 HWOP 
12-1/4), b i t  sub. 2-8" OC. X-0, X-0, monel, X-0, j a rs .  15 HWOP 
7GA), 6 pt ,  SOC. 3 p t ,  monel, 3 pt .  monel, X-0. 11-6-314". X-0. Bowen ja rs ,  15 HWOP 

35-3/40N50E B i t  "-55). 6 pt .  X-0, shock sub, 2 monels, 3 pt ,  X-0, 11-6-314" OC, j a rs ,  X-0, 20 HUOP 
35-3/4"N50E B i t  14GA). 6 pt .  shock sub, X-0, 3 p t ,  monel, 3 p t ,  monel, X-0. 8-6-3/4" OC. j a rs ,  20 HWOP 
35-114ON53E B i t ,  t u rb ine  wl f loat ,  f l o a t  sub, 1-112' bent sub, X-0, 2-6-314" monels, X-0, 2-6-314" OC, X-0, hrs, 28 HWOP 

360N53E 

B i t ,  3 p t .  f l oa t .  X-0, monel, 3 p t ,  monel, 3 p t .  X-0. 8-6-314'' OC. jars ,  X-0, 28 HWOP 
B i t ,  3 p t ,  f loat .  X-0, monel, 3 pt .  monel. 3 p t ,  X-0. 8-6-3/4" DC, jars ,  X-0. 28 HWOP 
B i t ,  3 p t ,  f l oa t ,  X-0, monel. 3 p t .  monel, 3 p t .  X-0, 5-6-3/4" OC, jars ,  X-0, 37 HWOP 
B i t ,  turbine, f loat .  1-1/2' bent sub, X-0, 2 monels, 5-6-314" OC, ja rs ,  X-0, 37 HWOP 
B i t ,  turbine, f l o a t ,  1-1/2' bent sub, X-0. 2 monels. 5-6-3/4" OC, jars ,  X-0. 37 HWOP 

B i t ,  turbine, f l o a t ,  1-112" bent sub. X-0, 2 monels. X-0, 5-6-3/4" OC, j a rs ,  X-0, 37 HWOP 
B i t ,  6 p t .  f l o a t ,  X-0, monel. 3 p t ,  monel, 3 p t .  X-0, 5-6-3/4" OC. jars ,  X-0, 37 HWOP 
B i t ,  6 pt ,  SOC. 3 p t ,  monel, 3 p t ,  monel. X-0, 5-6-314" OC, j a rs ,  X-0, 37 HWOP 

B i t ,  turb ine wl f loat .  f l o a t  sub. 1-112' bent sub, X-0, 2 monels, X-0, 5-6-314" OC. j a rs ,  X-0. 37 HWOP 
B i t ,  turb ine w/float. f l oa t  sub. 1-112' bent sub, X-0, 2 monels, X-0. 5-6-314" OC, j a rs ,  X-0, 37 HWOP 
B i t ,  turb ine w/f loat .  f l o a t  sub, 1-1/2' bent sub, X-0, 2 monel, X-0, 5-6-314" OC, j a rs ,  X-0, 37 HWOP 
B i t ,  3 p t .  SDC, 3 p t .  monel, 3 p t .  nmnel. X-0, 5-6-3/4" OC's, j a rs ,  X-0. 37 j t s  HWOP 
B i t ,  t u rb ine  wl f loat .  f l o a t  sub, 1-112' bent sub, X-0, 1 monel. X-0. 6-6-314" OC. j a rs ,  X-0, 31 HWOP 
B i t ,  3 p t ,  SOC, 3 pt .  1 monel. 3 p t .  X-0, 6-6-314" OC, j a r s ,  X-0. 30 HWOP 
B i t ,  3 p t ,  SOC, 3 pt .  1 monel. 3 p t ,  X-0. 6-6-3/4" OC, j a r s ,  X-0, 30 HWOP 
B i t .  3 p t ,  SOC, 3 p t ,  1 mOne1. 3 pt .  X-0. 6-6-3/4" OC. j a rs ,  X-0, 30 HWOP 
B i t ,  junk basket, f l oa t ,  X-0. monel, X-0. 6-6-314" OC, j a rs .  X-0, 30 HWOP 
B i t ,  3 p t ,  SOC, 3 pt ,  1 monel, 3 p t ,  X-0, 6-6-3/4 OC, j a rs ,  X-0, 30 HWOP 

36-112 N73 B i t .  b i t  sub, X-0, 3-6-3/4 OC's. j a rs ,  X-0, 30 HWOP 
B i t ,  junk basket, junk basket. f l o a t  sub. 3-6-3/4 OC's. j a rs ,  X-0, 30 HWDP 
B i t ,  junk basket, X-0. 15 HWOP. X-0, j a rs ,  X-0, 15 HWOP 

35-1/2"N59E B i t ,  6 pt .  X-0. 2 monels, X-0. 5-6-314" OC, j a rs ,  X-0. 37 HWOP 

36ON73"E 
37ON72'E 
37-114ON66E B i t ,  3 p t  w l f l oa t ,  SOC, 3 p t ,  monel. 3 p t ,  monel. X-0. 5-6-3/4" OC, j a r s .  X-0. 37 HWOP 

36ON76"E 

Remarks 

D r i l l i n g  too fast; decided t o  run motor 
S t i l l  not  sidetracked? 
Ream 8-314" hole, g ran i te  wore b i t  
Ream 8-314" ho le 
D r i l l i n g  p a r t i a l l y  g ran i te  
F in i sh  d r i l l i n g  cement 
Pin from whipstock se t t i ng  too l  j a m d  i n  b i t  
Janned; looks ham; d r i l l s  s o f t  
O r i l l  cement - pul led t o  attempt s idetrack 
No sidetrack 

18 hrs  d r i l l i n g  9432-9435 whipstock? 
Nose pieces missing o f f  o f  b i t ;  may not be whipstock. may be junk 
Nose pieces missing again; run m i l l  
D r i l l i n g  off whipstock; junk on bottom 
F in i sh  d r i l l i n g  o f f  whipstock 
D r i l l i n g  granl te;  pu l led t o  run down hole motor 
Motor f a i l e d  
Turn hole t o  r i g h t  
D r i l l i n g  g ran i te  

" 
Run mul t ishots  
D r i l l e d  one foot; grani te;  run mul t ishot ;  s t rap  i n  ho le 9879.24', inspected BHA 
D r i l l i n g  g ran i te  
D r i l l i n g ;  TOH t o  re t r i eve  pa r t  o f  survey too l  
D r i l l i n g  grani te;  s t rap i n  ho le 10,111.69' 
D r i l l i n g  grani te;  s t rap i n  hole 10,212.00'; l e f t  survey t o o l  i n  ho le 
T I H  a f t e r  r e t r i e v i n g  survey too l ;  came out l ay ing  down OP 

D r i l l  grani te;  2 Maurer Tu rbodr i l l s  plugged up 
TIH. ream 30' t o  btm c i r c .  survey 31-112 
D r i l l  g ran i te  
Ream and d r i l l  Ke l l y  down 
Good run but wrong d i r e c t i o n  
Ream 

Turbine; run l i g h t  f o r  2' bent sub 
Good run; need mora angle and l e f t  t u r n  
Ream 
Good run 

TIH. c i rc .  survey 31-112" N74E TOH 

N74E 10,176' (10.226 TO) 

Didn ' t -bu i ld ;  p u l l  f o r  motor 
1st  run f l o a t s  blew, f i l l e d  p ipe a t  9700'; 2nd run good. f i l l e d  p ipe every 20 s tds 
Reduce hole size, d r i l l e d  20 
Reduce hole s ize,  took survey a t  11.066'; cu t  wi re l ine,  TOH stuck pipe 43 st4s out (keyseat) 
Clean out t i g h t  spot 6800' + 
O r i l l l n g ,  TOH, LOOP f o r  insTect ion 
Bu i l d  assembly, b u i l t  angle rap id ly ;  d r i l l i n g  i n  a l t e red  zone. POH f o r  packed assembly 
O r i l l  grani te;  POH f o r  new b i t  
D r i l l .  t u rn  hole t o  r i g h t ,  b i t  wore out 
Ream, d r i l l ,  stuck or high drag caning o f f  bottoo; j a r s  not h i t t i n q  
D r i l l .  s t ick ing,  TW t o  work on mud and 40 OC 
D r i l l ,  new niud, minimal drag, p u l l  f o r  motor 

O r i  11 , dropped angle 

B i t  pinched 
Eye too l  won't work 
O r i l l  g ran i te ,  40 pipe, p/u new s t r i ng '  
Wire l ine cratered. wo wi re l i ne  motor f a i l e d  
Twisted o f f ,  f i sh ing  
D r i l l  on junk, POH, run magnet 
S t i l l  junk a f t e r  2 magnet runs 
Ran m i l l ,  5 magnet runs, d r l l l  g ran i te  
D r i l l i n g ;  pu l l ed  d r i l l  s t r i n g  apart dur ing connection 
D r i l l  grani te;  b i t  cratered; TO - 13,933' 
T I H  t o  10,783; c i r cu la ted  
TA6 7276, 7281. 10.023; d r i l l  out cement, OV too l .  cement f l o a t  
Clean out cement 
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