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This document presents a long-range plan for the de- 
velopment of new technology that will reduce the cost 
of drilling and completing geothermal wells. The 
role of this program in relation to the total Federal 
Geothermal Energy Program is defined and specific 
program goals are identified. Then, the current 
status of the program, initiated in FY 1978, is pre- 
sented, and research and development activities 
p l a n n e d  t h r o u g h  1987 are  d e s c r i b e d .  Budget  and m i l e -  
stone estimates for each task are provided. The 
management plan for implementing the program is also 
discussed. The goals of this program are to develop 
the technology required to reduce the cost of drill- 
ing and completing geothermal wells by 25% in the 
near term and by 50% in the long term. Efforts under 
this program to date have resulted in new roller bit 
designs that will reduce well costs by 2% to 4%, new 
drag bits that have demonstrated marked increases -in 
penetration rate, and the field verification of the 
effectiveness of inert drilling fluids in reducing 
drill pipe corrosion. Activities planned for the 
next six years for achieving the program goals are 
described. Technical activities include work in the 
areas of drilling hardware, drilling fluids, lost 
circulation control methods, completion technology, 
advanced drilling systems,.and supporting technology. 





CONTENTS 

S e c t i o n  Page  

I The Geothermal  D r i l l i n g  and C o m p l e t i o n  T e c h n o l o g y  
Development  P l a n  

I1 T e c h n i c a l  P l a n  
I11 Management P l a n  

I V  Techno logy  T r a n s f e r  and Research U t i l i z a t i o n  
R e  f e r  e n c e  s 
APPENDIX A--Current Program S t a t u s  

F i g u r e  
1 

2 
3 

4 

5 

6 

7 
8 

9 
1 0  

11 

ILLUSTRATIONS 

Depth v e r s u s  Time P l o t  f o r  a G e y s e r s ,  CA, 

E f f e c t  of I n c r e a s e d  P e n e t r a t i o n  R a t e  o n  Well Cost 

Depth v e r s u s  Time P l o t  f o r  a Cove Fort- 

G e o t h e r m a l  D r i l l i n g  and C o m p l e t i o n  Technology 

Well--1978 

S u l p h u r d a l e ,  UT, Well--1978 

Development  Program M i l e s t o n e s  
D r i l l i n g  Hardware M i l e s t o n e s  
D r i l l i n g  F l u i d s  M i l e s t o n e s  
Comple t ion  Techno logy  M i l e s t o n e s  
L o s t  C i r c u l a t i o n  C o n t r o l  T e c h n o l o g y  M i l e s t o n e s  
Advanced D r i l l i n g  Systems M i l e s t o n e s  
S u p p o r t i n g  T e c h n o l o g y  M i l e s t o n e s  
Geothermal D r i l l i n g  and Comple t ion  Program 

Management S t r u c t u r e  

7 

31 

7 7  

8 3  

8 4  

87  

11 
11 

12 

2 1  
3 3  

4 1  

49  
54 

6 1  
68 

7 8  

5 



TABLES 

T a b l e  

1 Budget  R e q u i r e m e n t s  i n  Thousands  of Dollars 
Paqe  

26  

6 



GEOTHERMAL D R I L L I N G  AND COMPLETION TECHNOLOGY DEVELOPMENT 

PROGRAM PLAN 

I .  The Geo the rma l  D r i l l i n g  and Comple t ion  
Technology Development Program 

A. The R o l e  o f  D r i l l i n g  and  C o m p l e t i o n  Techno logy  i n  t h e  F e d e r a l  
G e o t h e r m a l  E n e r a v  Proaram 

The o b j e c t i v e  o f  t h e  F e d e r a l  Geo the rma l  Energy  Program is  t o  
s t i m u l a t e  t h e  deve lopmen t  o f  g e o t h e r m a l  resources as  r e l i a b l e ,  o p e r a -  
t i o n a l l y  s a f e ,  and e n v i r o n m e n t a l l y  a c c e p t a b l e  e n e r g y  sources f o r  t h e  
p r o d u c t i o n  o f  e l e c t r i c i t y  a n d / o r  d i r e c t  h e a t  app l i ca t ions .  To a c h i e v e  
t h i s  o b j e c t i v e , t h e  f e d e r a l  government  is  implemen t ing  r e s e a r c h ,  d e v e l -  
opment ,  and d e m o n s t r a t i o n  i n i t i a t i v e s  and  a d m i n i s t r a t i v e  and p o l i c y  
i n i t i a t i v e s .  The U . S .  Depar tment  o f  Energy  h a s  been d e s i g n a t e d  t h e  
l ead  agency  f o r  c o o r d i n a t i n g  t h e  Federal  Geothermal  Energy Program. 

The In t e r -Agency  Geothermal  C o o r d i n a t i n g  C o u n c i l  es t imates  t h a t  
c t h e  a c h i e v a b l e  commercial u t i l i z a t i o n  o f  g e o t h e r m a l  resources i n  t h e  

U n i t e d  S t a t e s  is 3 , 0 0 0  MWe by 1985 and 25 ,000  MWe by t h e  y e a r  2000  
1 from h y d r o t h e r m a l  resources a l o n e .  To  meet t h e s e  g o a l s ,  a p p r o x i -  

m a t e l y  15 ,000  new g e o t h e r m a l  wel l s  w i l l  be  r e q u i r e d  by t h e  y e a r  2000 .  

The h i g h  cos t  of d r i l l i n g  and c o m p l e t i n g  t h e s e  w e l l s  ( t r a d i t i o n a l l y  2 

t o  4 times t h a t  o f  o i l  and g a s  w e l l s  o f  . comparable  d e p t h )  is a n  
impediment  t o  t h e  t i m e l y  deve lopmen t  o f  g e o t h e r m a l  e n e r g y .  I t  h a s  
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b e e n  e s t i m a t e d 2  t h a t  30 t o  7 0  p e r c e n t  o f  t h e  cost  o f  p r o d u c i n g  elec- 
t r i c i t y  f rom g e o t h e r m a l  r e s o u r c e s  i s  a s s o c i a t e d  w i t h  d r i l l i n g  and  
c o m p l e t i n g  t h e  w e l l s ,  and u n l e s s  t h e  cost  of t h e  w e l l s  i s  r e d u c e d ,  i t  

is u n l i k e l y  t h a t  t h e  e s t i m a t e d  power-on- l ine  w i l l  e v e r  be a c h i e v e d .  

I 

The h i g h  cost of g e o t h e r m a l  w e l l s  is  a t t r i b u t a b l e ,  i n  p a r t ,  t o  
d e f i c i e n c i e s  i n  d r i l l i n g  and c o m p l e t i o n  t e c h n o l o g y  t h a t  a r i se  f rom t h e  

f o r m a t i o n  e f f e c t s ,  temperature e f f e c t s ,  and e r o s i o n  and c o r r o s i o n  
e f f e c t s  e n c o u n t e r e d  i n  d r i l l i n g  g e o t h e r m a l  w e l l s .  Geothermal forma- 
t i o n s  a r e  t y p i c a l l y  h a r d  and h i g h l y  f r a c t u r e d .  T h i s  r e s u l t s  i n  l o w  
r a t e s  o f  p e n e t r a t i o n ,  h i g h  ra tes  o f  d r i l l i n g  f l u i d  loss ,  and d i f f i -  
c u l t i e s  i n  o b t a i n i n g  c o m p e t e n t  c o m p l e t i o n s .  The h i g h  t e m p e r a t u r e  o f  
g e o t h e r m a l  f o r m a t i o n s  causes r a p i d  d e g r a d a t i o n  o f  c o n v e n t i o n a l  d r i l l  
b i t s  and p r e c l u d e s  t h e  u s e  o f  c o n v e n t i o n a l  d r i l l i n g  f l u i d s .  Due t o  
t h e  h i g h  t e m p e r a t u r e  and t h e  chemical c o m p o s i t i o n  o f  t h e  downhole  
f l u i d s ,  c o r r o s i o n  of d r i l l  pipe and c a s i n g  is a l so  a s e v e r e  and c o s t l y  
problem.  To r e d u c e  t h e  cost  of d r i l l i n g  and  c o m p l e t i n g  g e o t h e r m a l  
w e l l s ,  t h e r e f o r e ,  i t  w i l l  be n e c e s s a r y  t o  d e v e l o p  new d r i l l i n g  and 

c o m p l e t i o n  e q u i p m e n t  capable of o p e r a t i n g  i n  t h i s  h o s t i l e  e n v i r o n m e n t .  
S i n c e  g e o t h e r m a l  d r i l l i n g  a c t i v i t y  is  so much smaller t h a n  o i l  and g a s  
a c t i v i t y ,  p r i v a t e  i n d u s t r y  h a s  shown l i t t l e  i n t e r e s t  i n  d e v e l o p i n g  t h e  

r e q u i r e d  t e c h n o l o g y  b e c a u s e  o f  t h e  smaller marke t  p o t e n t i a l .  F e d e r a l  
p a r t i c i p a t i o n  i s  t h e r e f o r e  j u s t i f i e d  i n  t r y i n g  t o  lower some of t h e  
t e c h n i c a l  barr iers .  

The Geo the rma l  D r i l l i n g  and C o m p l e t i o n  Techno logy  Development  
Program w a s  e s t a b l i s h e d  b y  t h e  D i v i s i o n  of Geothermal  Energy  w i t h  t h e  

g o a l  of r e d u c i n g  t h e  cost  o f  g e o t h e r m a l  wel ls .  S i n c e  d r i l l i n g  and 
c o m p l e t i o n  costs  a c c o u n t  f o r  a s u b s t a n t i a l  p o r t i o n  o f  t h e  cost  o f  
g e n e r a t i n g  e l e c t r i c i t y ,  r e d u c t i o n s  i n  t h e  cost o f  g e o t h e r m a l  we l l s  
w i l l  have  a major impact o n  a c c e l e r a t i n g  t h e  deve lopmen t  o f  g e o t h e r m a l  
e n e r g y .  

B. Program D e f i n i t i o n  and I m p l e m e n t a t i o n  

1. Program O b j e c t i v e  -- The p r i m a r y  o b j e c t i v e  of t h e  G e o t h e r m a l  
D r i l l i n g  and Comple t ion  Techno logy  Development  Program is t o  d e v e l o p  
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t h e  t e c h n o l o g y  r e q u i r e d  to  r e d u c e  t h e  cost  o f  g e o t h e r m a l  w e l l s .  T h i s  

o b j e c t i v e  m u s t  b e  a c c o m p l i s h e d  to  allow g e o t h e r m a l  e n e r g y  p r o d u c t i o n  
a t  costs c o m p e t i t i v e  w i t h  t h a t  of c o n v e n t i o n a l  e n e r g y  s o u r c e s .  The 

Geysers i s  c u r r e n t l y  t h e  o n l y  r e s e r v o i r  where  costs  are c o m p e t i t i v e .  
The f o l l o w i n g  s p e c i f i c  g o a l s  h a v e  been  e s t a b l i s h e d  to  s u p p o r t  t h i s  
p r i m a r y  o b j e c t i v e :  

( a )  To d e v e l o p  t h e  t e c h n o l o g y  n e c e s s a r y  t o  a c h i e v e  a 25-per- 
- c e n t  r e d u c t i o n  i n  w e l l  cost  i n  t h e  n e a r  term t h r o u g h  improvements  i n  

c o n v e n t i o n a l  d r i l l i n g  and c o m p l e t i o n  t e c h n i q u e s  and e q u i p m e n t ,  and  

( b )  To d e v e l o p  t h e  t e c h n o l o g y  n e c e s s a r y  t o  a c h i e v e  a 50- 
p e r c e n t  r e d u c t i o n  i n  w e l l  cost  i n  t h e  l o n g  term t h r o u g h  advanced  and 
i n n o v a t i v e  d r i l l i n g  and c o m p l e t i o n  methods .  

Cost s e n s i t i v i t y  a n a l y s e s 3  i n d i c a t e  t h a t  a c h i e v e m e n t  o f  these 

g o a l s  w i l l  s u b s t a n t i a l l y  i n c r e a s e  t h e  p r o b a b i l i t y  o f  r e a l i z i n g  t h e  
power-on- l ine  estimates of t h e  In t e r -Agency  Geothermal  C o o r d i n a t i n g  

C o u n c i l .  

2. Program Approach -- Areas are i d e n t i f i e d  where  t e c h n o l o g y  
deve lopmen t  c a n  lead t o  s i g n i f i c a n t  cost  r e d u c t i o n ;  RbD c o n t r a c t s  are 
t h e n  awarded on a c o m p e t i t i v e  bas i s .  R e s e a r c h  a c t i v i t i e s  a t  t h e  DOE 
N a t i o n a l  L a b o r a t o r i e s  p r o v i d e  a t e c h n o l o g y  base f o r  m o n i t o r i n g  con-  
t r a c t s  and d i r e c t i n g  t h e  program. This approach c o n s i s t s  of t h e  

f o l l o w i n g  steps: 

( a )  A systems s t u d y  t o  d e f i n e  t h e  primary c o n t r i b u t o r s  t o  
g e o t h e r m a l  well  costs and t o  i d e n t i f y  t h o s e  areas which  are  most 
amenable  to cost r e d u c t i o n  t h r o u g h  improved t e c h n o l o g y .  

( b )  A systems a n a l y s i s  t o  q u a n t i f y  t h e  s e n s i t i v i t y  of w e l l  
cost  to  t e c h n o l o g y  improvement  and  a n  i n d e p e n d e n t  a s s e s s m e n t  o f  
p o t e n t i a l  cost  r e d u c t i o n  by a n  i n d u s t r y - b a s e d ,  t e c h n o l o g y  a d v i s o r y  
p a n e l .  

@ 
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( c )  The i m p l e m e n t a t i o n  of w e l l - d e f l u e d  r e s e a r c h  d e v e l o p m e n t ,  
and t e s t i n g  a c t i v i t i e s  n e c e s s a r y  t o  p r o v i d e  t h e  cost  r e d u c t i o n  bene- 
f i t .  

( d )  A per iodic  r e v i e w  and c r i t i q u e  o f  t h e  program by a n  
i n d u s t r i a l  p a n e l .  

( e )  C o m m e r c i a l i z a t i o n  o f  d e v e l o p e d  t e c h n o l o g y  t h r o u g h  i n d u s -  
t r i a l  p a r t i c i p a t i o n  i n  research,  d e v e l o p m e n t ,  and t e s t i n g .  

3 .  D e f i n i t i o n  o f  P rogram E l e m e n t s  -- I n  o r d e r  t o  d e f i n e  a reas  f o r  
r e s e a r c h  and deve lopmen t  t h a t  h a v e  h i g h  cost  r e d u c t i o n  p o t e n t i a l ,  a 
g e o t h e r m a l  w e l l  cost  s i m u l a t o r  h a s  been  d e v e l o p e d .  T h i s  compute r  
model  s i m u l a t e s  t h e  o p e r a t i o n s  i n v o l v e d  i n  d r i l l i n g  and c o m p l e t i n g  
g e o t h e r m a l  wel l s  and computes t h e  cost  a s s o c i a t e d  w i t h  e a c h  o p e r a t i o n .  
The  model c a n  t h e n  be u s e d  t o  assess t h e  c o s t / b e n e f i t  r a t i o  of p o s t u -  
l a t e d  new t e c h n o l o g y  p r io r  t o  i n i t i a t i n g  t h e  deve lopmen t  o f  t h e  t e c h -  
no logy .  A sample o u t p u t  f rom t h i s  model  is  shown i n  F i g u r e  1. T h i s  
p l o t  i l l u s t r a t e s  a t y p i c a l  d r i l l i n g  and c o m p l e t i o n  o p e r a t i o n  i n  The 
G e y s e r s  f i e l d .  Few problems were e n c o u n t e r e d ,  and  4 5  p e r c e n t  o f  t h e  
t o t a l  w e l l  cost  of $1 .2  m i l l i o n  is  a t t r i b u t a b l e  t o  t h e  a c t u a l  d r i l l i n g  
o p e r a t i o n .  Us ing  t h i s  i n f o r m a t i o n ,  t h e  e f f e c t  of improved t e c h n o l o g y  
o n  t h e  o v e r a l l  w e l l  cost c a n  b e  d e t e r m i n e d .  A s  a n  example ,  t h e  e f f e c t  
on  t h e  o v e r a l l  w e l l  cost  o f  a new b i t  h a v i n g  i n c r e a s e d  p e n e t r a t i o n  
r a t e  is shown i n  F i g u r e  2. Here, t h e  p e r c e n t a g e  r e d u c t i o n  i n  w e l l  cost  
is  p l o t t e d  a s  a f u n c t i o n  o f  b i t  l i f e .  Two c u r v e s  are  shown. One 
assumes an  i n c r e a s e  i n  i n s t a n t a n e o u s  p e n e t r a t i o n  r a t e  of a f a c t o r  o f  
2 ;  t h e  o t h e r ,  o f  a f a c t o r  o f  3 .  I f  t h e s e  i n c r e a s e d  r a t e s  c a n  b e  
a c h i e v e d  w h i l e  m a i n t a i n i n g  b i t  l i f e  comparab le  t o  c o n v e n t i o n a l  b i t s ,  

w e l l  cost  r e d u c t i o n s  o f  be tween  7 and  1 7  p e r c e n t  a re  p o s s i b l e .  T h i s  
sample c a l c u l a t i o n  i n d i c a t e s  t h e  p r o c e d u r e  wh ich  i s  b e i n g  used  t o  
d e f i n e  p r o m i s i n g  t e c h n o l o g y  deve lopmen t  a reas  and t o  assess  t h e  prog-  
ress of t h e  program toward  m e e t i n g  t h e  s t a t e d  p rogrammat i c  g o a l s .  
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F i g u r e  1. Depth v e r s u s  T i m e  P l o t  f o r  a Geysers, CA, 
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F i g u r e  2. E f f e c t  of I n c r e a s e d  P e n e t r a t i o n  Rate o n  W e l l  C o s t  
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A s e c o n d  example ,  shown i n  F i g u r e  3 ,  s e r v e s  t o  i l l u s t r a t e  t h e  

v a r i e t y  of problems which  are  e n c o u n t e r e d  i n  g e o t h e r m a l  d r i l l i n g .  

T h i s  w e l l ,  d r i l l e d  i n  U t a h ,  e n c o u n t e r e d  s e v e r e  p r o b l e m s ,  p a r t i c u l a r l y  
w i t h  l o s t  c i r c u l a t i o n .  T h i s  r e s u l t e d  i n  a h i g h  w e l l  cos t ,  and o n l y  
29 p e r c e n t  o f  t h e  t o t a l  cost of t h e  w e l l  is a t t r i b u t a b l e  t o  t h e  a c t u a l  
d r i l l i n g  o p e r a t i o n .  
i n c r e a s e d  p e n e t r a t i o n  r a t e  i n  t h i s  w e l l  have  shown t h a t  v e r y  l i t t l e  
b e n e f i t  i s  r e a l i z e d  (1- t o  2 - p e r c e n t  r e d u c t i o n ) ,  b u t  t h a t  improved 

me thods  of p r e v e n t i n g  l o s t  c i r c u l a t i o n  c o u l d  s i g n i f i c a n t l y  impact w e l l  
cost  

The r e s u l t s  of a n  i n v e s t i g a t i o n  o f  t h e  e f f e c t  of 
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These t w o  examples  i n d i c a t e  t h e  v a r y i n g  aspects o f  improved w e l l  
t e c h n o l o g y  t h a t  w i l l  impact w e l l  cost .  
t y p e ,  t e c h n i c a l  areas r e q u i r i n g  r e s e a r c h  and deve lopmen t  h a v e  been  
i d e n t i f i e d  as  f o l l o w s :  

Based on  a n a l y s e s  of t h i s  

D r i l l i n g  Hardware 

D r i l l i n g  F l u i d s  

1 2  



Comple t ion  Techno logy  

L o s t  C i r c u l a t i o n  C o n t r o l  Methods 

Advanced D r i l l i n g  S y s t e m s  

S u p p o r t i n g  Technology 

T h i s  program p l a n  p r e s e n t s  a d e t a i l e d  d e s c r i p t i o n  of t h e  work t o  
be c o n d u c t e d  u n d e r  each of t h e s e  major h e a d i n g s .  The f i r s t  f o u r  
e l e m e n t s  are  d i r e c t e d  p r imar i ly  a t  improv ing  c o n v e n t i o n a l  r o t a r y  
d r i l l i n g  t e c h n o l o g y .  .The advanced  d r i l l i n g  system d e v e l o p m e n t  is  
d i r ec t ed  a t  t h e  long- te rm,  5 0 - p e r c e n t  cos t  r e d u c t i o n  goal .  C o s t  a n a l -  
y s e s  i n d i c a t e  t h a t  i t  w i l l  b e  n e c e s s a r y  t o  a c h i e v e  t h e  2 5 - p e r c e n t  cos t  
r e d u c t i o n  g o a l  t h r o u g h  improved b i t s ,  f l u i d s ,  c o m p l e t i o n  t e c h n i q u e s ,  
and l o s t  c i r c u l a t i o n  methods  before t h e  5 0 - p e r c e n t  cost  r e d u c t i o n  g o a l  
c a n  be r e a l i z e d .  T h e r e f o r e ,  t h e  c u r r e n t  e m p h a s i s  i n  t h e  program is  
d i r e c t e d  a t  t h e  n e a r - t e r m  g o a l .  T h i s  emphasis w i l l  c h a n g e  to  t h e  
deve lopmen t  of advanced  s y s t e m s  as t i m e  progresses and t h e  n e a r - t e r m  
goa ls  are  m e t .  

( a )  D r i l l i n g  Hardware.  D r i l l i n g  b i t s  and reamers w i t h  i m -  
p roved  p e n e t r a t i o n  ra tes  and l i fe t imes  are  r e q u i r e d  t o  r e d u c e  w e l l  
d r i l l i n g  costs. The DGE program i n c l u d e s  research i n  improved b i t  

mater ia ls ,  improved h i g h - t e m p e r a t u r e  b i t  seals and  l u b r i c a n t s ,  wear 
mechanisms of p o l y c r y s t a l l i n e  diamond compact ( P D C )  c u t t e r s ,  and  t h e  
e f f e c t s  of d r i l l i n g  f l u i d s  on t h e  r e q u i r e d  c u t t i n g  force, wear mecha- 
n i s m s ,  and wear ra tes  o f  PDC c u t t e r s :  t h e  deve lopmen t  of a prototype,  
downhole  r e p l a c e a b l e  d r i l l  b i t ;  t h e  deve lopmen t  of d r a g  b i t s  u s i n g  P D C  

c u t t e r s ;  and  j o i n t  industry-DOE f i e l d  t e s t s  t o  v e r i f y  t h e  p e r f o r m a n c e  
o f  t h e  improved ha rdware  and to  a s s i s t  i n  t h e  t r a n s f e r  o f  t h i s  t e c h -  
n o l o g y  t o  i n d u s t r y .  To da t e ,  a n  improved ,  u n s e a l e d  r o l l e r  c o n e  b i t  

h a s  b e e n  d e v e l o p e d  t h a t  c o u l d  lead t o  w e l l  cost  r e d u c t i o n s  o f  2% t o  4 %  

i n  a i r - d r i l l e d  wel ls ;  new b i t  sea ls  and l u b r i c a n t s  c a p a b l e  o f  1 0 0  

h o u r s  of l i f e  u n d e r  g e o t h e r m a l  c o n d i t i o n s  have  b e e n  d e v e l o p e d  and a re  
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commercially a v a i l a b l e ;  t h e  c Jwnho le  r e p l a c e a b l e ,  c o n t i n u o u s  c h a i n  
d r i l l  h a s  been  f i e l d  tes ted;  and t w o  e x p e r i m e n t a l  PDC d r a g  b i t s  h a v e  
been  f i e l d  t es ted  i n d i c a t i n g  i n c r e a s e d  r a t e s  o f  p e n e t r a t i o n  o v e r  con- 
v e n t i o n a l  r o l l e r  c o n e  b i t s .  

I r e d u c t i o n  p o t e n t i a l  of i n e r t  gas d r i l l i n g  f l u i d s  ( n i t r o g e n ) ,  and t h e  

d e v e l o p m e n t  and f i e l d  t e s t i n g  o f  h i g h - t e m p e r a t u r e  d r i l l i n g  muds a re  
a lso i n c l u d e d .  To d a t e ,  a new h i g h - t e m p e r a t u r e  d r i l l i n g  mud h a s  been  
f o r m u l a t e d ,  s u c c e s s f u l l y  f i e l d  t es ted ,  and i s  b e i n g  u s e d  b y  i n d u s t r y .  
S e v e r a l  s u r f a c t a n t s  f o r  g e n e r a t i n g  foams t h a t  c a n  be used  i n  h igh -  
t e m p e r a t u r e  a p p l i c a t i o n s  h a v e  been  i d e n t i f i e d ;  l a b o r a t o r y  e q u i p m e n t  
f o r  d e t e r m i n i n g  t h e  v i s c o e l a s t i c  propert ies  o f  d r i l l i n g  muds u n d e r  
s i m u l a t e d  downhole  c o n d i t i o n s  h a s  b e e n  d e v e l o p e d ;  and a f i e l d  t e s t  of 
n i t r o g e n  a s  a n o n c o r r o s i v e  d r i l l i n g  f l u i d  h a s  b e e n  completed. 

( b )  D r i l l i n g  F l u i d s .  The c o r r o s i v e  c o n d i t i o n s ,  h i g h  tempera- 
t u r e s ,  and f r a c t u r e d  f o r m a t i o n s  t y p i c a l  o f  g e o t h e r m a l  r e s o u r c e  areas 
i m p o s e  s e v e r e  o p e r a t i n g  r e q u i r e m e n t s  on  d r i l l i n g  f l u i d s .  Under geo- 

t h e r m a l  c o n d i t i o n s ,  t h e  p h y s i c a l  and chemical b e h a v i o r  of d r i l l i n g  
f l u i d s  is n o t  w e l l  u n d e r s t o o d ;  t h u s ,  b a s i c  i n v e s t i g a t i o n s  a re  r e q u i r e d  
i n  o r d e r  t o  f o r m u l a t e  more c o s t - e f f e c t i v e  f l u i d s .  The approach t o  
d e v e l o p i n g  improved d r i l l i n g  f l u i d s  i n c l u d e s  applied research i n t o  t h e  

morphology of c l ay  p a r t i c l e s ,  t h e  deve lopmen t  of foam d r i l l i n g  f l u i d s ,  
and t h e  measurement  of t h e  rheologica l  propert ies  of d r i l l i n g  f l u i d s  
a t  h i g h  t e m p e r a t u r e  and p r e s s u r e .  F i e l d  e v a l u a t i o n s  o f  t h e  c o r r o s i o n  

( c )  C o m p l e t i o n  Techno logy .  The  c o m p l e t i o n  of a g e o t h e r m a l  
w e l l  i n c l u d e s  l i n i n g  t h e  borehole w i t h  c a s i n g  and cement  and  p r o v i d i n g  
for  f l o w  and c o n t r o l  of t h e  g e o t h e r m a l  f l u i d s .  Because  o f  t h e  h i g h  
t h e r m a l  stresses induced  i n  t h e  c a s i n g  when t h e  w e l l  is p l a c e d  on  
p r o d u c t i o n ,  i t  is  i m p o r t a n t  t o  a c h i e v e  proper cement  p l a c e m e n t  and 
bond ing  t o  a v o i d  c a s i n g  co l lapse ,  b u c k l i n g ,  and c o r r o s i o n .  I n  a d d i -  

t i o n ,  p r o b l e m s  o f  sca le  b u i l d u p  and damage t o  p r o d u c i n g  f o r m a t i o n s  
f r o m  d r i l l i n g  f l u i d s  c a n  r e d u c e  w e l l  p r o d u c t i v i t y  and r e s u l t  i n  i n -  
creased e n e r g y  cost .  
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Projec ts  to  e x t e n d  w e l l  l i f e  and i n c r e a s e  p r o d u c t i v i t y  a r e  b e i n g  
c o n d u c t e d  w i t h  t h e  o b j e c t i v e s  o f  (1) e s t a b l i s h i n g  n e e d s  and d e f i n i n g  
r e q u i r e m e n t s  f o r  downhole p r i m a r y  cemen t ing  too ls ,  ( 2 )  i d e n t i f y i n g  
c r i t i c a l  f a i l u r e  modes o f  a g e o t h e r m a l  w e l l  c o m p l e t i o n ,  ( 3 )  d e s i g n i n g  
and d e m o n s t r a t i n g  a s y s t e m  u s i n g  a c o n t r o l l e d  c a v i t a t i o n  t e c h n i q u e  f o r  
downhole g e o t h e r m a l  w e l l  c l e a n i n g  and sca le  r e m o v a l ,  and  ( 4 )  i n v e s t i -  
g a t i n g  f l u i d / f o r m a t i o n  i n t e r a c t i o n s  t o  d e f i n e  damage mechanisms.  

( d )  L o s t  C i r c u l a t i o n  C o n t r o l  Methods.  The loss 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  d u r i n g  d r i l l i n g  r e s u l t s  i n  i n s u f f i c i e n t  c o o l i n g  of 
t h e  b i t ,  i n a d e q u a t e  removal  o f  d r i l l e d  s o l i d s ,  i n c r e a s e d  cost  f o r  
f l u i d s ,  t h e  r e q u i r e m e n t  f o r  t r a n s p o r t a t i o n  o f  a d d i t i o n a l  f l u i d  add i -  

t i v e s  t o  t h e  d r i l l i n g  s i t e ,  and c o s t l y  t i m e  d e l a y s .  L o s t  c i r c u l a t i o n  
p r o b l e m s ,  i n  g e n e r a l ,  are  n o t  w e l l  d e f i n e d  n o r  r e a d i l y  u n d e r s t o o d ;  
c o n s e q u e n t l y ,  p r o c e d u r e s  t o  c o n t r o l  l o s t  c i r c u l a t i o n  p r o b l e m s  a re  e v e n  
more ill d e f i n e d .  The c u r r e n t  program is t o  c h a r a c t e r i z e  and d e f i n e  
i n  d e t a i l  t h e  o p e r a t i o n a l  and t e c h n i c a l  p a r a m e t e r s  o f  t h e  p rob lem by :  

(1) D e t e r m i n i n g  t h e  g e o l o g i c a l  c h a r a c t e r i s t i c s  of l o s t  
c i r c u l a t i o n  z o n e s ,  

( 2 )  C o l l e c t i n g ,  c o l l a t i n g ,  and a n a l y z i n g  i n d u s t r y  expe-  
r i e n c e ,  and  

( 3 )  D e f i n i n g  t h e  c a u s e s ,  p r e v e n t i o n  t e c h n i q u e s ,  and 
r e m e d i e s  o f  l o s t  c i r c u l a t i o n  i n  g e o t h e r m a l  e n v i r o n m e n t s .  

S u b s e q u e n t  a c t i v i t i e s  w i l l  i n c l u d e  f o r m u l a t i o n  of R&D t a s k s  t o  s o l v e  
t h e s e  p r o b l e m s .  

( e )  Advanced D r i l l i n g  Sys t ems .  Advanced d r i l l i n g  s y s t e m s  
( d i f f e r e n t  t h a n  c o n v e n t i o n a l  r o t a r y  s y s t e m s )  w i l l  be r e q u i r e d  t o  meet 
t h e  long- te rm w e l l  cost  r e d u c t i o n  g o a l  o f  50 p e r c e n t .  To m e e t  t h i s  
g o a l ,  p e n e t r a t i o n  r a t e  m u s t  b e  i n c r e a s e d  by  a f a c t o r  o f  5 t o  1 0  o v e r  
t h a t  o f  c o n v e n t i o n a l  s y s t e m s .  I n  a d d i t i o n ,  t h e  advanced  s y s t e m  s h o u l d  
have  t h e  c a p a b i l i t y  to  a c c u r a t e l y  d r i l l  h i g h - a n g l e ,  d i r e c t i o n a l  w e l l s  
so t h a t  n e a r - v e r t i c a l  f r a c t u r e s  c a n  be  i n t e r s e c t e d .  A c h i e v i n g  t h e s e  

A 
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o b j e c t i v e s  may require t h e  deve lopmen t  of new approaches t o  r o c k  
f r a c t u r i n g ,  new r i g  e q u i p m e n t ,  and improved t e c h n i q u e s  for  s u r v e y i n g  
wellbores and s t e e r i n g  t h e  b i t .  

To g u i d e  t h e  deve lopmen t  of t h e  r e q u i r e d  t e c h n o l o g y ,  a n  i n d u s t r y -  
wide workshop was h e l d  t o  r e v i e w  pas t  e f f o r t s  and t o  i d e n t i f y  areas o f  
needed  e m p h a ~ i s . ~  A s  a r e s u l t  of t h i s  workshop, t h r e e  c a n d i d a t e  
systems are c u r r e n t l y  u n d e r  i n v e s t i g a t i o n  -- h igh- speed  downhole 
motors and b i t s ,  h i g h - p r e s s u r e  water-jet d r i l l i n g  s y s t e m s ,  and per- 
c u s s i o n  d r i l l i n g  systems. L a b o r a t o r y  and f i e l d  tests c o u p l e d  w i t h  
s y s t e m s  a n a l y s e s  w i l l  be  used  t o  select  t h e  most p r o m i s i n g  c a n d i d a t e s  
for  f u l l - s c a l e  deve lopmen t .  

( f )  S u p p o r t i n g  Techno logy .  The proper d e s i g n  of improved and 
new d r i l l i n g  and c o m p l e t i o n  s y s t e m s  r e q u i r e s  a n  u n d e r s t a n d i n g  o f  t h e  

u n i q u e  r e q u i r e m e n t s  o f  t h e  g e o t h e r m a l  e n v i r o n m e n t .  The o b j e c t i v e  o f  
t h e  s u p p o r t i n g  t e c h n o l o g y  e l e m e n t  i s  t o  p r o v i d e  t h e  i n f o r m a t i o n  neces- 

s a r y  t o  d e v e l o p  hardware r e q u i r e d  t o  meet program g o a l s .  C u r r e n t l y ,  
p ro jec ts  are u n d e r  way t o  expand c a p a b i l i t i e s  t o  p r e d i c t  w e l l b o r e  f l u i d  
t e m p e r a t u r e s  d u r i n g  d r i l l i n g ,  c i r c u l a t i n g ,  i n j e c t i o n ,  and  p r o d u c t i o n  
i n  g e o t h e r m a l  w e l l s ;  t o  d e t e r m i n e  optimal number,  s i z e ,  and p l a c e m e n t  
of n o z z l e s  used  f o r  b i t  c o o l i n g  and c l e a n i n g  p u r p o s e s ;  t o  o p t i m i z e  t h e  
d e s i g n  of PDC g e o t h e r m a l  b i t s  b y  s t u d y  of t h e  stress b u i l d u p  and c h i p  

f o r m a t i o n  processes of r o c k - c u t t i n g  too ls  u t i l i z i n g  PDC c u t t e r s ;  a n d  
t o  s t u d y  t h e  m e t a l l u r g i c a l  c o m p o s i t i o n  o f  c o n v e n t i o n a l  d r i l l  stem and 
make c o m p o s i t i o n a l  c h a n g e s  i n  t h e  d r i l l  s t e m  mater ia l  t o  maximize i t s  
chemical r e s i s t a n c e  to  H 2 S  e n v i r o n m e n t s  w i t h o u t  l a r g e  s a c r i f i c e s  i n  
i t s  m e c h a n i c a l  propert ies  o r  cost .  

4. P r o c e d u r e  f o r  D e f i n i n g  R&D T a s k s  -- As o u t l i n e d  p r e v i o u s l y ,  
t h e r e  are s e v e r a l  areas i n  which  t e c h n o l o g i c a l  improvement w i l l  y i e l d  
r e d u c e d  g e o t h e r m a l  w e l l  cost. A n a l y t i c a l  models a r e  used  t o  e v a l u a t e  
t h e  r e l a t i v e  mer i t s  o f  a l t e r n a t i v e  proposals and d e s i g n s .  I n  a d d i -  
t i o n ,  i n d u s t r i a l  p a r t i c i p a t i o n  i n  t h e  i d e n t i f i c a t i o n  of research t a sks  
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is  a n  i m p o r t a n t  pa r t  o f  t h e  program s t r a t e g y .  I n p u t s  a re  s o l i c i t e d  
f rom t h e  Geothermal D r i l l i n g  and Comple t ion  A d v i s o r y  P a n e l  w h i c h  i s  
composed of r e p r e s e n t a t i v e s  from d r i l l i n g  equ ipmen t  m a n u f a c t u r e r s ,  
d r i l l i n g  c o n t r a c t o r s ,  s e r v i c e  compan ies ,  o p e r a t i n g  compan ies ,  and 
n a t i o n a l  l a b o r a t o r i e s .  
S a n d i a  and is  convened  s e m i a n n u a l l y  t o  r e v i e w  t h e  e l e m e n t s  of t h e  

program, t o  s u g g e s t  areas where  f u r t h e r  r e s e a r c h  is  n e e d e d ,  and t o  
a d v i s e  o n  program p r io r i t i e s .  
c o s t - s e n s i t i v i t y  models and t h e  i n p u t  from t h e  a d v i s o r y  p a n e l  p r o v i d e s  
t h e  d e c i s i o n  framework f o r  a l l o c a t i n g  r e s o u r c e s  among t h e  v a r i o u s  
program tasks .  An attempt is made t o  a n a l y z e  each r e s e a r c h  t op ic  f rom 
t h e  s t a n d p o i n t  of c o s t / b e n e f i t  r a t i o  to  i n s u r e  t h a t  a l l  f u n d e d  t a s k s  

w i l l  c o n t r i b u t e  t o  p rogrammat i c  g o a l s .  

This p a n e l  w a s  formed to  p r o v i d e  g u i d a n c e  to  

T h i s  c o m b i n a t i o n  o f  t e c h n o l o g y - b a s e d ,  

5. Program I m p l e m e n t a t i o n  -- DOE/DGE a s s i g n e d  t h e  program manage- 
ment  r e s p o n s i b i l i t i e s  f o r  t h e  Geothermal D r i l l i n g  and Comple t ion  
Technology Development Program t o  S a n d i a  N a t i o n a l  Laborator ies  a t  t h e  

s t a r t  o f  FY 1978.  I m p l e m e n t a t i o n  o f  t h e  r e q u i r e d  r e s e a r c h  t a s k s  i s  
p r i m a r i l y  t h r o u g h  c o n t r a c t s  w i t h  p r i v a t e  i n d u s t r y  and u n i v e r s i t i e s .  
However, s u p p o r t i n g  in -house  r e s e a r c h ,  as  appropr ia te ,  i s  c o n d u c t e d  by 
S a n d i a ,  w i t h  DOE/DGE a p p r o v a l .  

C o n t r a c t s  are  u s u a l l y  awarded on a c o m p e t i t i v e  b a s i s , a n d  a c t i v i -  
t i e s  i n v o l v i n g  j o i n t  f u n d i n g  b y  gove rnmen t  and i n d u s t r y  a r e  e n c o u r -  

be q u i c k l y  c o m m e r c i a l i z e d  when o n e  o r  more compan ies  are  i n t i m a t e l y  
i n v o l v e d  i n  t h e  deve lopmen t .  When a u n i v e r s i t y  i s  t h e  c o n t r a c t o r ,  
S a n d i a  N a t i o n a l  L a b o r a t o r i e s  p r o v i d e s  t h e  i n t e r f a c e  be tween  t h e  u n i -  
v e r s i t y  and i n d u s t r y  t o  a s s u r e  t h a t  t h e  r e s u l t s  are  made a v a i l a b l e  t o  
t h e  i n d u s t r y  i n  a t i m e l y  manner.  C o n t r a c t u a l  a r r a n g e m e n t s  w h i c h  allow 
p r i v a t e  i n d u s t r y  t o  pa r t i c ipa t e  i n  j o i n t  research p rograms  w h i l e  n o t  
compromis ing  t h e i r  c o m p e t i t i v e  p o s i t i o n s  a re ,  and w i l l  c o n t i n u e  t o  b e ,  

aged .  P a s t  e x p e r i e n c e  i n d i c a t e s  t h a t  a n y  new t e c h n o l o g y  d e v e l o p e d  c a n  

s o u g h t .  T h i s  s t r a t e g y  is  d e s i g n e d  to  i n v o l v e  i n d u s t r y  t o  t h e  f u l l e s t  
e x t e n t  i n  t e c h n o l o g y  deve lopmen t  so t h a t  c o m m e r c i a l i z a t i o n  is  promoted 
e a r l y  i n  t h e  deve lopmen t  process. 
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I n d u s t r y  a c c e p t a n c e  o f  new t e c h n o l o g y  requi res  p r o v e n  r e l i a b i l i t y  
and economic  b e n e f i t  f rom t h e  t e c h n o l o g y .  I t  i s  n e c e s s a r y ,  therefore ,  
t o  t h o r o u g h l y  d e m o n s t r a t e  t h e  t e c h n i c a l  and economic  r e l i a b i l i t y  of 

new c o n c e p t s .  Toward t h i s  e n d ,  l a b o r a t o r y  and f i e l d  t e s t i n g  p rograms  
are an i n t e g r a l  p a r t  o f  t h e  D r i l l i n g  and C o m p l e t i o n  Techno logy  Devel- 
opment  Program. N e w  c o n c e p t s  are u s u a l l y  t es ted  f i rs t  u n d e r  labora- 
t o r y  c o n d i t i o n s ;  i n d u s t r i a l  i n v o l v e m e n t  i n  f o l l o w i n g  f i e l d  tes ts  i s  
t h e n  e n c o u r a g e d .  O p e r a t i n g  c o m p a n i e s ,  d r i l l i n g  c o n t r a c t o r s ,  e q u i p m e n t  
m a n u f a c t u r e r s ,  and s e r v i c e  compan ies  are  i n v i t e d  t o  o b s e r v e ,  p a r t i c i -  

pa te ,  e v a l u a t e ,  and comment o n  t h e s e  tests.  I n  a d d i t i o n ,  t e s t  r e s u l t s  
and major program d e v e l o p m e n t s  are made a v a i l a b l e  t h r o u g h  p u b l i c a t i o n  
i n  t h e  o p e n  l i t e r a t u r e  and p r e s e n t a t i o n  a t  t e c h n i c a l  m e e t i n g s .  

6 .  Summary of T e c h n i c a l  Accompl i shmen t s  -- T h i s  l ist  p r e s e n t s  a 
b r i e f  summary o f  pas t  t e c h n i c a l  a c c o m p l i s h m e n t s  i n  t h e  p rogram.  
A d d i t i o n a l  d e s c r i p t i o n s  of t h e  c u r r e n t  p rogram s t a t u s  a r e  g i v e n  i n  

Appendix  A of t h i s  repor t  and R e f e r e n c e s  5 t h r o u g h  1 0 .  

( a )  D r i l l i n g  Hardware  

Deve loped ,  t e s t ed ,  and c o m m e r c i a l i z e d  an improved 
u n s e a l e d  g e o t h e r m a l  r o l l e r  c o n e  b i t  t h a t  y i e l d s  pro- 
jected w e l l  cost  r e d u c t i o n s  of 2 t o  4 p e r c e n t .  

I d e n t i f i e d  a new h i g h - t e m p e r a t u r e  l u b r i c a n t  fo r  sealed 
b i t s  -- now a v a i l a b l e  c o m m e r c i a l l y  a s  Geobond. 

F a b r i c a t e d  and t e s t ed  a new b i t  s e a l / l u b r i c a n t  combi-  
n a t i o n  t h a t  r a n  f o r  1 0 0  h o u r s  a t  150°C (302OF) i n  
l a b o r a t o r y  t e s t i n g .  

D e s i g n e d ,  f a b r i c a t e d ,  and tested a new p o l y c r y s t a l l i n e  
diamond compact d r a g  b i t  t h a t  d e m o n s t r a t e d  a 400-per-  
c e n t  i n c r e a s e  i n  p e n e t r a t i o n  r a t e  i n  a c t u a l  f i e l d  

t e  s t i n g  . 
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Developed and c o n d u c t e d  t h r e e  f i e l d  t e s t s  o f  t h e  

c o n t i n u o u s  c h a i n  b i t .  

( b )  D r i l  i n g  F l u i d s  

Completed d e s i g n  and f a b r i c a t i o n  o f  a h igh -  
t e m p e r a t u r e ,  h i g h - p r e s s u r e  mud t e s t  loop. 

I d e n t i f i e d  s i x  h igh-  t e m p e r a t u r e  s u r f a c t a n t s  f o r  u s e  i n  
f o r m u l a t i n g  foam d r i l l i n g  f l u i d s .  

Completed l a b o r a t o r y  t e s t i n g  and e v a l u a t i o n  o f  a 
d i e s e l  e x h a u s t  c o n v e r s i o n  scheme f o r  g e n e r a t i n g  i n e r t  
d r i l l i n g  f l u i d s .  

( c )  C o m p l e t i o n  Techno logy  

I d e n t i f i e d  g e o t h e r m a l  w e l l  c a s i n g  f a i l u r e  modes. 

Demonst ra ted  a c a v i t a t i n g - j e t  scale  remova l  s y s t e m .  

( d )  Advanced D r i l l i n g  S y s t e m s  

I d e n t i f i e d  t h ree  c a n d i d a t e s  fo r  d e v e l o p m e n t .  

Des igned ,  f ab r i ca t ed ,  and tes ted new sea l  d e s i g n s  for 
downhole motors t h a t  s u r v i v e d  4 5  h o u r s  a t  125OC 
(257OF) .  

E s t a b l i s h e d  t h a t  c a v i t a t i n g  j e t s  c o u l d  be u t i l i z e d  
w i t h  d r i l l i n g  muds and u n d e r  w e l l b o r e  p r e s s u r e .  

E s t a b l i s h e d  h i g h - t e m p e r a t u r e  f a i l u r e  modes of e x i s t i n g  
p e r c u s s i o n  hammers. 
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( e )  S u p p o r t i n g  Techno logy  

Developed and c o m m e r c i a l i z e d  a compute r  model f o r  pre- 
d i c t i n g  t h e  t e m p e r a t u r e  o f  wellbore f l u i d s .  

Completed deve lopmen t  o f  a w e l l  cost s e n s i t i v i t y  
model .  

C o n s t r u c t e d  a f a c i l i t y  f o r  d r i l l  b i t  h y d r a u l i c s  
s t u d i e s .  

Developed t h e  c a p a b i l i t y  f o r  mode l ing  t h e  d r a g  c u t t e r /  
r o c k  i n t e r a c t i o n .  

7 .  M i l e s t o n e  S c h e d u l e  and Budge t  -- The program emphasis i n  t h e  
period FY 1 9 8 1  t h r o u g h  FY 1 9 8 3  will be on  t h e  n e a r - t e r m  cost  r e d u c t i o n  
g o a l  of  25 p e r c e n t .  Beg inn ing  i n  FY 1984 i n c r e a s e d  emphasis w i l l  be 

placed o n  t h e  deve lopmen t  of advanced  d r i l l i n g  systems t h a t  w i l l  pro- 
v i d e  an  a d d i t i o n a l  2 5 - p e r c e n t  cost  r e d u c t i o n .  The c o m b i n a t i o n  of 

improved c o n v e n t i o n a l  t e c h n o l o g y  and  advanced  s y s t e m s  w i l l  b e  r e q u i r e d  
t o  a c h i e v e  t h e  5 0 - p e r c e n t  cost  r e d u c t i o n  g o a l .  The program m i l e s t o n e  
s c h e d u l e  i s  d e p i c t e d  i n  F i g u r e  4 .  

The b u d g e t  r e q u i r e d  t o  meet t h e  s t a t ed  program g o a l s  i s  shown i n  
Table  1. Funding  l e v e l s  lower t h a n  those r e q u i r e d  w i l l  preclude t h e  

a c h i e v e m e n t  o f  t h e  s t a t e d  program g o a l s ,  and s c h e d u l e  s l i p p a g e s  w i l l  
o c c u r .  

Most of t h e  a c t i v i t i e s  i n  Program E lemen t s  1, 2 ,  3 ,  and 4 ,  Table 1, 
w i l l  b e  completed by t h e  end o f  FY 1983;  however ,  some f u n d i n g  f o r  
these e l e m e n t s  w i l l  be needed  i n  FY 1984 t o  complete t e s t i n g ,  report-  
i n g ,  and c o m m e r c i a l i z a t i o n  a c t i v i t i e s .  
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50% COST REDUCTION GOAL- 25% COST REDUCTION GOAL- 

I I I ACTIVITY 

1. DRILLING HARDWARE 

a. Develop Improved 
R o l l e r  Cone B i t s  

b. Develop PDC Drag 
B i t s  

c. Develop Chain D r i l l  

2. DRILLING FLUIDS 

a. Develop Improved 
D r i l l i n g  Mud 

b. Develop D r i l l i n g  
Foams 

c. Develop I n e r t  
D r i l l i n g  F l u i d s  

3. COMI'LETION TECHNOLOGY 

a. Develop Improved 
Casing and Cementing 
Equipment and 
Procedures 

b. Develop Equipment 
and Procedures f o r  
Remedial Operat ions 

Completion and 
Workover F l u i d s  

c. Develop Improved 

4.  LOST CIRCULATION 
CONTROL METHODS 

a. Develop Los t  C i r c u l a t i o n  
Prevent ion  Techniques 

b. Develop Tools f o r  
Loss Zone D e f i n i t i o n  

c. Develop M a t e r i a l s  and 
Procedures f o r  Los t  
C i r c u l a t i o n  Reparat ion 

5. ADVANCED DRILLING SYSTEM 

a. Eva lua te  High-speed 
Downhole Motors and 
Bit s  

b. Eva lua te  High Pressure 
Water J e t  D r i l l i n g  
Sy s tems 

c. Evaluate Percussion 
D r i l l i n g  Systems 

d. Evaluate A l t e r n a t i v e  
D r i l l i n g  Systems 

e .  Develop D i r e c t i o n a l  
D r i l l  i n g  Technology 

f. Develop Pro to type 
System f o r  F i e l d  
T e s t i n g  

F i q u r e  4 .  Geothermal  D r i l l i n g  and Comple t ion  Techno logy  - 
Development Program Miles t o n e s  
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F i g u r e  4 ( C o n t i n u e d )  

No. 

1. 

2. 

3 .  

4. 

5. 

6 .  

7. 

8. 

9 .  

10. 

11. 

12. 

22  

Geothermal D r i l l i n g  and  Comple t ion  Technology 
Development Program M i l e s t o n e  D e s c r i p t i o n s  

D e s c r i p t i o n  

Complete deve lopmen t  o f  u n s e a l e d  g e o t h e r m a l  b i t .  

Complete deve lopmen t  of sealed g e o t h e r m a l  b i t .  

Complete d e f i n i t i o n  o f  wear mechanisms for  PDC b i t s .  

Complete  deve lopmen t  of compute r  o p t i m i z a t i o n  methods f o r  PDC 

c u t t e r  p l a c e m e n t  on  b i t .  

C o m p l e t e  deve lopment  and f i e l d  t e s t i n g  of o p t i m i z e d  PDC b i t  

d e s i g n .  

Complete f i e l d  t e s t  of second  p r o t o t y p e  of c o n t i n u o u s  c h a i n  
d r i l l .  

I n i t i a t e  c o m m e r c i a l i z a t i o n  a c t i v i t i e s  f o r  c h a i n  d r i l l .  

Complete f i e l d  t e s t i n g  of a l l - P D C  c h a i n  b i t .  

Complete mud t e s t  l o o p  - U n i v e r s i t y  o f  Oklahoma. 
Complete h i g h  t e m p e r a t u r e  t e s t  f a c i l i t y  - NL Baro id .  

F o r m u l a t e  and f i e l d  t e s t  s t a b l e ,  n o n c o r r o s i v e ,  h i g h - t e m p e r a t u r e  
d r i l l i n g  muds. 

Complete f o r m u l a t i o n  and f i e l d  t e s t  of s t a b l e ,  n o n c o r r o s i v e  
foam. 

F i e l d  t e s t  n i t r o g e n  as a d r i l l i n g  f l u i d .  



F i g u r e  4 ( C o n t i n u e d )  

Geo the rma l  D r i l l i n g  and Comple t ion  Technology 
Development Program M i l e s t o n e  D e s c r i p t i o n s  

N o .  D e s c r i p t i o n  

1 3 .  Complete c o s t / b e n e f i t  a s s e s s m e n t  o f  n i t r o g e n  as a n  i n e r t  d r i l l i n g  
f l u i d .  

1 4 .  Complete deve lopmen t  o f  a f u l l - s c a l e ,  p o r t a b l e  n i t r o g e n  u n i t .  

15 .  Complete c a s i n g  stress a n a l y s i s .  

16 .  Complete f a b r i c a t i o n  o f  cement  t e s t  f a c i l i t y .  

17 .  Complete deve lopmen t  o f  c r i t e r i a  and t e c h n i q u e s  f o r  r e l i a b l e  
g e o t h e r m a l  c o m p l e t i o n s .  

18 .  Complete f i e l d  t e s t i n g  o f  c a v i t a t i n g  j e t  d e s c a l i n g  s y s t e m .  

19 .  Complete deve lopmen t  o f  remedial e q u i p m e n t .  

20. Complete i n v e s t i g a t i o n  o f  damage e f f e c t s  i n  f r a c t u r e d  f o r m a t i o n s .  

2 1 .  Complete deve lopmen t  o f  improved f l u i d s .  

22 .  Complete f a b r i c a t i o n  and t e s t i n g  of p r e v e n t i o n  t e c h n i q u e s .  

23. I d e n t i f y  t oo l s  f o r  d e f i n i n g  loss  zones .  

24. Complete f a b r i c a t i o n  o f  p r o t o t y p e  tools  f o r  mapping loss  z o n e s .  

25. F i e l d  t e s t  tool  f o r  mapping loss  zones .  

26. Complete f i e l d  t e s t  o f  p l a c e m e n t  too l  and new mater ia l s .  
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F i g u r e  4 ( C o n t i n u e d )  

N o .  

27. 

- 

28. 

29. 

3 0 .  

3 1 .  

3 2 .  

3 3 .  

3 4 .  

3 5 .  

3 6 .  

L _  3 7 .  

3 8 .  

3 9 .  

Geothermal  D r i l l i n g  and Comple t ion  Technology 
Development  Program M i l e s t o n e  D e s c r i p t i o n s  

D e s c r i p t i o n  

Complete l a b o r a t o r y  t e s t i n g  o f  f i r s t  p r o t o t y p e  h igh - speed  b i t  
d e s i g n .  

Complete deve lopmen t  of b e a r i n g / s e a l  package  w i t h  200-hour l i f e -  
t i m e  a t  125OC (257OF).  

Complete f i e l d  t e s t  o f  t h e  f i n a l  h igh - speed  b i t  d e s i g n .  

C o m p l e t e  d a t a  c o m p i l a t i o n  o f  h i g h - p r e s s u r e ,  e r o s i o n  d r i l l i n g  
s y s t e m s .  

Complete  o p t i m i z a t i o n  o f  s t a n d a r d  C a v i j e t "  n o z z l e .  

Complete o p t i m i z a t i o n  o f  advanced  C a v i j e t "  n o z z l e .  

Complete f i e l d  t e s t i n g  o f  t h e  C a v i j e t "  and p u l s a t i n g  n o z z l e s  and 
d e c i d e  o n  f u t u r e  d e v e l o p m e n t .  

Complete a i r  hammer h igh -  temperature f a i l u r e  mode i d e n t i f i c a t i o n .  

Complete  f i e l d  tes ts  o f  f i r s t  p r o t o t y p e  a i r  hammers. 

Complete  f i e l d  tests of mud hammers. 

Complete  e v a l u a t i o n  o f  a l t e r n a t i v e  d r i l l i n g  s y s t e m s .  

Complete f i e l d  t e s t  o f  f i r s t  p r o t o t y p e  of b o r e h o l e  n a v i g a t o r .  

Complete h i g h - t e m p e r a t u r e  u p g r a d e  f o r  b o r e h o l e  n a v i g a t o r .  
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F i g u r e  4 ( C o n t i n u e d )  

Geo the rma l  D r i l l i n g  and Comple t ion  Techno logy  
Development Program M i l e s t o n e  D e s c r i p t i o n s  

N o .  - Descript ion 

4 0 .  Complete  f a b r i c a t i o n  o f  p r o t o t y p e  advanced  s y s t e m  components .  

4 1 .  Complete  f i r s t  f i e l d  t e s t  o f  f i r s t  p r o t o t y p e  s y s t e m .  

4 2 .  Complete  second  f i e l d  t e s t  o f  t h e  f i r s t  p r o t o t y p e  s y s t e m .  
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T a b l e  1 

Budge t  R e q u i r e m e n t s  i n  Thousands  of Dollars  

PROGRAM ELEMENTS 

1. Drilling Hardware 

FY 81 FY 8 2  FY 83 Fy 84 

9 0 5  830 7 0 0  1100 

2. Drilling Fluids 1000 1100 1300 500 

3. Completion Technology 1455 1700  1900 600 

4. Lost Circulation Control 
Methods 

5 9 0  1200 1400 500 

5. Advanced Drilling Systems 2 0 0 0  2010  2340 4 4 2 0  

6. Supporting Technology 1200 1400  1550 1500 

7.  Program Management 

8. Program Support 

TOTAL : 

600 650 7 5 0  7 4 0  

500 610 660 640 

8 2 5 0  9 5 0 0  10600 10000 

FY 85 

800 

0 

0 

0 

6275 

1425 

700  

600 

9800 

FY 86 

0 

0 

0 

0 

6500 

1300 

6 5 0  

550 

9000 

FY 8 7  

0 

0 

0 

0 

5410 

1090 

600 

400 

7 5 0 0  



Of t h e  t h r e e  c a n d i d a t e  advanced  s y s t e m s  c u r r e n t l y  b e i n g  i n v e s t i -  
g a t e d ,  i t  is  a n t i c i p a t e d  t h a t  o n e  or t w o  w i l l  be selected f o r  f u l l -  
sca le  deve lopmen t .  F Y  1984 w i l l  b e  t h e  p i v o t a l  d e c i s i o n  year and 
f u n d i n g  i n  t h e  advanced  s y s t e m s  area w i l l  b e  needed  i n  F Y  1984  t o  per- 
f o r m  t h o r o u g h  e v a l u a t i o n s  o f  t h e  compe t ing  t e c h n o l o g i e s .  I n  FY 1985  
t h r o u g h  FY 1 9 8 7 ,  t h e  s e l e c t e d  s y s t e m  o r  s y s t e m s  w i l l  b e  d e v e l o p e d ,  
f a b r i c a t e d ,  and t e s t e d .  

8.  R e l a t i o n s h i p  t o  O t h e r  P rograms  -- The Geothermal  D r i l l i n g  and 
Comple t ion  Technology Program i s  char te red  t o  p r o v i d e  new t e c h n o l o g y  
t h a t  w i l l  be  a p p l i c a b l e  to  a b road  r a n g e  o f  r e s e r v o i r s .  T h i s  r e q u i r e s  
a n  a w a r e n e s s  o f  t h e  d r i l l i n g  and c o m p l e t i o n  p r o b l e m s  a r i s i n g  i n  e a c h  
r e s o u r c e  a rea .  T h i s  r e q u i r e m e n t  is  b e i n g  m e t  t h r o u g h  t h e  u s e  o f  a n  
i n d u s t r y - b a s e d  a d v i s o r y  p a n e l  t h a t  i n c l u d e s  members f rom major geo- 
t h e r m a l  p r o d u c e r s  who p r o v i d e  g u i d a n c e  on  i n d u s t r y  n e e d s .  I n  a d d i -  
t i o n ,  t h e  DOE/DGE s p o n s o r e d  H o t  Dry Rock ( H D R )  Program e x p e r i e n c e s  
u n i q u e  d r i l l i n g  p r o b l e m s  and close l i a i s o n  is m a i n t a i n e d  between t h e  
HDR Program and t h e  D r i l l i n g  and Comple t ion  Technology Program. A s  a 
s p e c i f i c  example ,  s u p p o r t  from t h e  D r i l l i n g  and Comple t ion  Program h a s  
r e c e n t l y  been  p r o v i d e d  t o  t h e  HDR Program i n  t h e  form o f  g e o t h e r m a l  
t u r b o d r i l l s  and e x p e r i m e n t a l  b i t s .  

The DOE/DGE Geochemical  E n g i n e e r i n g  and Mater ia ls  (GEM)  Program is 
c u r r e n t l y  f u n d i n g  t h e  deve lopmen t  of h i g h - t e m p e r a t u r e  c e m e n t s ,  e las to-  
m e r s ,  and b i t  mater ia l s .  The D r i l l i n g  and Comple t ion  Program works 
c l o s e l y  w i t h  t h e  GEM Program i n  i d e n t i f y i n g  n e e d s  f o r  mater ia l s  d e v e l -  
opment and i n  p r o v i d i n g  t e s t i n g  f o r  new ma te r i a l s  t h a t  a re  d e v e l o p e d .  
I n  p a r t i c u l a r ,  t h e  D r i l l i n g  and  Comple t ion  Program p r o v i d e s  a repre- 
s e n t a t i v e  on t h e  API t a s k  g r o u p  t h a t  is  h e l p i n g  g u i d e  t h e  deve lopmen t  
o f  h i g h - t e m p e r a t u r e  cements .  J o i n t  p rog rams  be tween Brookhaven and  
S a n d i a  N a t i o n a l  L a b o r a t o r i e s  on  cement  t e s t i n g  and e v a l u a t i o n  are  
p l a n n e d .  N e w  elastomers d e v e l o p e d  u n d e r ' t h e  GEM Program h a v e  b e e n  
t e s t e d  i n  b i t  s e a l s ,  downhole motor sea ls ,  and as p a c k e r  e l e m e n t s  by  
t h e  D r i l l i n g  and Completion Program. 
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A program d i rec ted  a t  d e v e l o p i n g  h igh -  t e m p e r a t u r e  i n s t r u m e n t a t i o n  
f o r  g e o t h e r m a l  w e l l  l o g g i n g  i s  b e i n g  c o n d u c t e d  by S a n d i a .  Close 
l i a i s o n  is m a i n t a i n e d  between t h e  D r i l l i n g  and Comple t ion  Program and 
t h e  Logging I n s t r u m e n t a t i o n  Development Program t o  i n s u r e  t h a t  n e e d s  
and t e c h n o l o g y  are  i n t e r c h a n g e d .  F o r  example, d i r e c t i o n a l  s u r v e y  
tools  and c a s i n g  i n s p e c t i o n  too ls  are  needed  f o r  g e o t h e r m a l  d r i l l i n g  
and c o m p l e t i o n s .  J o i n t  deve lopmen t  p rograms  a re  a n t i c i p a t e d  i n  areas 
s u c h  as  t h e s e .  

The DOE/Office of O i l ,  Gas, and Shale  Techno logy  ( O G S T )  c o n d u c t s  a 
D r i l l i n g  and Off shore Technology Development Program t h a t  i s  d e v e l o p -  
i n g  t e c h n o l o g y  t o  s u p p o r t  t h e  f r o n t i e r  areas  i n  o i l  and g a s  d r i l l i n g .  
These a reas  i n c l u d e  d e e p  l a n d  d r i l l i n g  f o r  g a s  as w e l l  a s  d e e p  water 
d r i l l i n g  on t h e  c o n t i n e n t a l  s h e l f .  Some of t h e  p r o b l e m s  a re  s i m i l a r  
t o  those found  i n  g e o t h e r m a l  d r i l l i n g .  For  example ,  temperatures i n  
deep gas d r i l l i n g  are o f t e n  comparable t o  those found i n  g e o t h e r m a l  
wells. Developments  i n  h i g h - t e m p e r a t u r e  t e c h n o l o g y  i n  t h e  G e o t h e r m a l  

D r i l l i n g  and Comple t ion  Program c a n  t h u s  be d i r e c t l y  a p p l i e d  to  deep 

g a s  d r i l l i n g  . 
I n  a d d i t i o n ,  u n c o n v e n t i o n a l  r e s o u r c e  r e c o v e r y ,  s u c h  a s  methane  

from coal ,  w i l l  require t h e  deve lopmen t  of s p e c i a l i z e d  d r i l l i n g  
methods and equ ipmen t .  Some work is  c u r r e n t l y  b e i n g  s u p p o r t e d  by OGST 

i n  these areas .  To maximize t h e  e f f e c t i v e n e s s  o f  d r i l l i n g  research 
e f f o r t s ,  these p rograms  must  be t i g h t l y  coupled t o  p r e v e n t  d u p l i c a t i o n  
o f  e f f o r t  and t o  a s s u r e  t h a t  t h e  r e s e a r c h  s p o n s o r e d  i n  t h e s e  p rograms  
is complementary .  

The D O E / O f f i c e  of Mining Research is s u p p o r t i n g  t h e  deve lopmen t  o f  
improved c u t t i n g  and  d r i l l i n g  t e c h n o l o g y  f o r  m i n i n g  a p p l i c a t i o n s .  
Developments  i n  h i g h - p r e s s u r e  j e t  d r i l l i n g  and PDC d r a g  b i t s  u n d e r  t h e  

Geo the rma l  D r i l l i n g  and Comple t ion  Program a re  d i r e c t l y  appl icable  t o  
t h e  min ing  a p p l i c a t i o n .  C o o r d i n a t i o n  be tween these t w o  p rograms  i s  
n e c e s s a r y  and is  b e i n g  carr ied o u t .  
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F i n a l l y ,  a program t o  assess t h e  s c i e n t i f i c  f e a s i b i l i t y  o f  

@ 
e x t r a c t i n g  e n e r g y  from magma bodies i s  b e i n g  c o n d u c t e d  by S a n d i a  
N a t i o n a l  Laboratories unde r  f u n d i n g  from t h e  DOE/Off  i ce  of Basic 

Energy S c i e n c e s .  To r e a l i z e  e n e r g y  r e c o v e r y  f rom t h i s  r e s o u r c e ,  i t  
w i l l  be n e c e s s a r y  t o  p e n e t r a t e  e x t r e m e l y  h o t  f o r m a t i o n s .  T h i s  w i l l  

r e q u i r e  t h e  deve lopmen t  o f  new, h i g h - t e m p e r a t u r e  d r i l l i n g  s y s t e m s .  
The c u r r e n t  Geothermal  D r i l l i n g  and Comple t ion  Program w i l l  p r o v i d e  
t h e  t e c h n o l o g y  b a s e  f o r  e x t e n d i n g  d r i l l i n g  s y s t e m  p e r f o r m a n c e  t o  t h e  

r e q u i r e d  t e m p e r a t u r e s .  

S a n d i a  N a t i o n a l  Laborator ies  p a r t i c i p a t e s  i n  research and d e v e l o p -  
ment  a c t i v i t i e s  i n  a l l  t h e  above  men t ioned  p rograms .  All of  S a n d i a ' s  
a c t i v i t i e s  are  c e n t e r e d  i n  t h e  Geoenergy  Technology Depar tment  11. 

T h i s  o r g a n i z a t i o n a l  s t r u c t u r e  p r o v i d e s  a c l e a r i n g h o u s e  f o r  d r i l l i n g  
t e c h n o l o g y ,  i n s u r e s  t h a t  i n f o r m a t i o n  is f r e e l y  exchanged among pro- 
g rams ,  and  m i n i m i z e s  t h e  p o s s i b i l i t y  o f  d u p l i c a t i o n  o f  e f f o r t .  
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11. T e c h n i c a l  P l a n  

A .  I n t r o d u c t i o n  

T h i s  s e c t i o n  p r e s e n t s  d e t a i l e d  d e s c r i p t i o n s  o f  t h e  t e c h n i c a l  t a s k s  
c u r r e n t l y  p l a n n e d  f o r  t h e  Geo the rma l  D r i l l i n g  and Comple t ion  Techno l -  
ogy  Development  Program. M o d i f i c a t i o n s  t o  t h i s  p l a n  may be  d i c t a t e d  
as  t i m e  p r o g r e s s e s ,  and y e a r l y  u p d a t i n g  i s  p l a n n e d .  

B. P ros ram E l e m e n t s  

1. D r i l l i n g  Hardware 

( a )  O b j e c t i v e .  D r i l l i n g  i n  h a r d ,  f r a c t u r e d ,  h o t  f o r m a t i o n s  
t h a t  are  t y p i c a l  o f  g e o t h e r m a l  r e s e r v o i r s  r e s u l t s  i n  l o w  p e n e t r a t i o n  
r a t e s ,  s h o r t  b i t  l i v e s ,  r a p i d  loss  of  h o l e  g a g e ,  and d i f f i c u l t i e s  i n  
d i r e c t i o n a l  d r i l l i n g .  These  f a c t o r s  combine t o  i n c r e a s e  w e l l  costs .  
The o b j e c t i v e  of t h e  d r i l l i n g  hardware  deve lopmen t  p ro jec ts  is  t o  
d e v e l o p ,  i n  c o n j u n c t i o n  w i t h  t h e  d r i l l i n g  i n d u s t r y ,  improved downhole 
d r i l l i n g  equ ipmen t  t h a t  w i l l  lead t o  h i g h e r  p e n e t r a t i o n  r a t e s ,  l o n g e r  
b i t  l i v e s ,  b e t t e r  c o n t r o l  o f  h o l e  g a g e ,  and  improved d i r e c t i o n a l  
d r i l l i n g  t e c h n i q u e s .  

( b )  T e c h n i c a l  Approach .  The a p p r o a c h  t o  a c h i e v i n g  t h e  o b j e c -  
t i v e  o f  t h i s  program e l e m e n t  i s  t o  f o c u s  e f f o r t  o n  u n d e r s t a n d i n g  t h e  
p r i m a r y  f a c t o r s  a f f e c t i n g  d r i l l i n g  r a t e  and b i t  l i f e  and t o  a p p l y  
improved t e c h n o l o g y  t o  t h e s e  f a c t o r s  t o  i n c r e a s e  p e r f o r m a n c e .  E f f o r t s  
t o  improve  d i r e c t i o n a l  d r i l l i n g  t e c h n i q u e s  w i l l  be  c o n d u c t e d  u n d e r  t h e  
advanced  d r i l l i n g  s y s t e m s  program e l e m e n t .  The r e q u i r e d  a c t i v i t i e s  
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i n c l u d e  t h e  d e s i g n ,  f a b r i c a t i o n ,  and t e s t i n g  o f  p r o t o t y p e  hardware and 
any  a d d i t i o n a l  improvements  n e c e s s a r y  t o  c o m m e r c i a l i z e  t h e  new t e c h -  
n o l o g y .  
v i d e d  i n t o  f i v e  s u b t a s k s  as fol lows:  

Based on cost s e n s i t i v i t y  a n a l y s e s ,  t h i s  t a s k  has  been  d i -  

(1) I d e n t i f i c a t i o n  and u t i l i z a t i o n  of new materials i n  
u n s e a l e d  r o l l e r  c o n e  b i t s .  

( 2  ) D e s i g n ,  d e v e l o p m e n t ,  and t e s t i n g  of h igh-  t e m p e r a t u r e  
s e a l s  and l u b r i c a n t s  f o r  sealed r o l l e r  c o n e  b i t s .  

( 3 )  D e s i g n ,  d e v e l o p m e n t ,  and t e s t i n g  of new b i t  d e s i g n s  
u t i l i z i n g  p o l y c r y s t a l l i n e  diamond compact ( P D C )  c u t t e r s .  

(4) D e s i g n ,  f a b r i c a t i o n ,  and t e s t i n g  of a p r o t o t y p e  
d o w n h o l e - r e p l a c e a b l e  c h a i n  b i t .  

( 5 )  D e s i g n ,  f a b r i c a t i o n ,  and t e s t i n g  of a reamer u t i -  
l i z i n g  PDC c u t t e r s .  

( c )  Development  A c t i v i t y  by S u b t a s k .  Four  of t h e  above  
s u b t a s k s  a re  c u r r e n t l y  b e i n g  p u r s u e d ;  o n e  h a s  been  completed. Some 
w i l l  c o n t i n u e  i n t o  f u t u r e  y e a r s .  N e w  s u b t a s k s  w i l l  be i n i t i a t e d  as 
e x i s t i n g  a c t i v i t i e s  are completed and  c o m m e r c i a l i z e d  and  new n e e d s  a re  
i d e n t i f i e d .  The d r i l l i n g  hardware s u b t a s k  m i l e s t o n e  s c h e d u l e s  a re  
shown i n  F i g u r e  5. 

S u b t a s k  1 -- D e s i g n ,  Development ,  and  T e s t i n g  o f  Improved 
U n s e a l e d  Ro l l e r  Cone B i t s  

The  o b j e c t i v e  o f  t h i s  s u b t a s k  i s  t o  improve  t h e  l i fe t ime 
and g a g e  m a i n t e n a n c e  propert ies  of u n s e a l e d  r o l l e r  c o n e  
b i t s  t h a t  are t y p i c a l l y  used  i n  a i r  d r i l l i n g .  To accom- 
p l i s h  t h i s ,  m a t e r i a l s  w i t h  improved h a r d n e s s  and  tough-  
n e s s  a t  h i g h  t e m p e r a t u r e  have  been  i d e n t i f i e d  and b i t s  

u s i n g  these  mater ia l s  i n  c r i t i c a l  wear a reas  h a v e  b e e n  
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COMPLETED AND NEAR TERM MILESTONES 
DRILLING HARDWARE 

MILESTONE 

SUBTASK 1 - UNSEALED ROLLER-CONE BITS 

Development and F i e l d  Tes t  o f  New Geothermal Roller-Cone B i t s  
Completed i n  FY79 

SUBTASK 2 - SEALED ROLLER-CONE B I T S  

Development o f  New B i t  Seals and Lubr ican ts  w i t h  Seal L i f e  o f  
Over 100 Hours a t  150°C Completed 

Development of High Temperature B i t  Grease Completed 

F a b r i c a t i o n  and Tes t  o f  Fu l l -sca le  Sealed B i t s  Complete 

Technology Trans fer  Complete 

SUBTASK 3 - PDC DRAG BITS 

F i e l d  Test  o f  F i r s t  Prototype Designs Completed 

F i e l d  Test  o f  Second Prototype Designs Completed 

Model ing of C u t t e r  Heat Bui ldup Due To F r i c t i o n a l  Heat I n p u t  
Complete 

S i n g l e  C u t t e r  Laboratory  Tests Complete 

D e f i n i t i o n  o f  Wear Mechanisms, I n v e s t i g a t i o n  o f  t h e  E f f e c  
D r i l l i n g  F l u i d s  on Wear Rates, and t h e  Development o f  Emp 
Models Complete 

Development o f  Computer Opt imizat ion Methods f o r  C u t t e r  P 
men t Compl e t e  
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COMPLETED AND NEAR TERM MILESTONES 
DRILLING HARDWARE (CONTINUED) 

MILESTONE 

SUBTASK 3 - PDC DRAG B I T S  (Continued) 

Development and F i e l d  Tes t ing  o f  Optimized B i t  Design 
Complete by t h e  End o f  FY83 

SUBTASK 4 - CONTINUOUS CHAIN B I T  

F i e l d  Tests of F i r s t  Prototype Completed i n  FY79 

F i e l d  Tests o f  Second Prototype Completed 

Cmmerci a 1 i za t i on Ac t  i v i  t i es I n i ti a ted  

Fabr i ca t i on  and Laboratory  Tes t ing  o f  F 
Chain L inks  Complete 

F i e l d  Tes t ing  o f  F u l l - s c a l e  B i t  us ing A 

SUBTASK 5 - PDC REAMER 

r s t  Prototype o f  A 

1-PDC Cut te rs  Comp 

Design, Fabr ica t ion ,  and F i e l d  Test ing Complete 

1-PDC 

ete 
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f a b r i c a t e d .  S i x  o f  t h e s e  e x p e r i m e n t a l  b i t s  were t e s t e d  
i n  a g e o t h e r m a l  w e l l  a t  The G e y s e r s  a l o n g  w i t h  s e v e n  
c o n v e n t i o n a l  b i t s .  L i f e t i m e  and g a g e  m a i n t e n a n c e  i m -  
p r o v e m e n t s  were d e m o n s t r a t e d , a n d  t h e  u s e  o f  t h e s e  b i t s  i n  
The G e y s e r s  is p r o j e c t e d  t o  r e s u l t  i n  a 2- t o  4 - p e r c e n t  
r e d u c t i o n  i n  w e l l  costs .5  The r e s e a r c h  and deve lopmen t  
a c t i v i t i e s  on t h i s  p ro jec t  have  been  comple t ed  and sev-  
e r a l  b i t  m a n u f a c t u r e r s  a r e  e v a l u a t i n g  t h i s  new t e c h n o l o g y  
f o r  c o m m e r c i a l i z a t i o n .  

S u b t a s k  2 -- D e s i g n ,  Development ,  and T e s t i n g  of Improved 
S e a l e d  R o l l e r  Cone B i t s  

The o b j e c t i v e  o f  t h i s  s u b t a s k  i s  t o  improve  t h e  l i f e t i m e  
of sealed r o l l e r  c o n e  b i t s  by  d e v e l o p i n g  h i g h - t e m p e r a t u r e  
s ea l  d e s i g n s ,  ma te r i a l s ,  and l u b r i c a n t s .  A s e a l  t e s t e r  
and  a l u b r i c a n t  t e s t e r  have  been  f a b r i c a t e d  t o  s i m u l a t e  
downhole c o n d i t i o n s  -- 3OOOC (572OF) and 20.7 MPa ( 3 , 0 0 0  
p s i ) .  A new h i g h - t e m p e r a t u r e  g r e a s e  ca l l ed  Geobond w a s  
d e v e l o p e d  by P a c e r  I n d u s t r i e s  i n  s u p p o r t  o f  t h i s  program 
and is  c u r r e n t l y  b e i n g  e v a l u a t e d .  I n  a d d i t i o n ,  a new 
h i g h - t e m p e r a t u r e  elastomer, Utex HTCR, h a s  been  d e v e l o p e d  
and is  c o m m e r c i a l l y  a v a i l a b l e .  Sea ls  made u s i n g  t h e  new 
elastomer and t h e  new g r e a s e  have  been  t e s t e d  f o r  more 
t h a n  1 0 0  h o u r s  a t  a t e m p e r a t u r e  of  15OOC (302'F)  a f t e r  
s o a k i n g  a t  288OC (550OF) f o r  t w o  h o u r s .  B i t s  i n c o r p o -  
r a t i n g  these new m a t e r i a l s  w i l l  be c o n s t r u c t e d  fo r  l a b -  

o r a t o r y  t e s t i n g .  C o m m e r c i a l i z a t i o n  a c t i v i t i e s  w i l l  be 

i n i t i a t e d  f o l l o w i n g  s u c c e s s f u l  l a b o r a t o r y  t e s t i n g .  

I n  a d d i t i o n  t o  t h e  work on  elastomeric sea l s ,  a c t i v i t i e s  
d i r e c t e d  a t  d e v e l o p i n g  metal-to-metal f a c e  s e a l s  w i l l  b e  
c o n d u c t e d  i n  a n  attempt t o  e x t e n d  sea l  l i f e  a n d / o r  allow 
o p e r a t i o n  a t  h i g h e r  t e m p e r a t u r e .  N e w  s ea l  d e s i g n s  w i l l  

b e  f o r m u l a t e d ,  f a b r i c a t e d ,  and tested u s i n g  t h e  e x i s t i n g  
sea l  t e s t  f a c i l i t y .  B i t s  u s i n g  t h e  most p r o m i s i n g  f a c e  

n 
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seal  d e s i g n s  w i l l  be  f a b r i c a t e d  f o r  f i e l d  t e s t i n g  i f  t h e  
l a b o r a t o r y  t e s t s  are e n c o u r a g i n g .  

S u b t a s k  3 -- D e s i g n ,  Development  and T e s t i n g  of 
P o l y c r y s t a l l i n e  Diamond Compact ( P D C )  Drag B i t s  

The  o b j e c t i v e  o f  t h i s  t a sk  i s  t o  d e v e l o p  and d e m o n s t r a t e  
t h e  p e r f o r m a n c e  o f  a new t y p e  o f  d r a g  b i t  t h a t  u t i l i z e s  
h i g h - p r e s s u r e  s i n t e r e d  p o l y c r y s t a l l i n e  diamond compact 
( P D C )  c u t t e r s .  S e v e r a l  b i t  d e s i g n s  have  b e e n  d e v e l o p e d  
u n d e r  t h i s  program. The most r e c e n t  d e s i g n s  h a v e  demon- 
s t r a t e d  i n c r e a s e s  i n  p e n e t r a t i o n  ra tes  of from 5 0  t o  4 0 0  

p e r c e n t  o v e r  t h o s e  o b t a i n e d  w i t h  c o n v e n t i o n a l  r o l l e r  b i t s  
i n  d r i l l i n g  g e o t h e r m a l  f o r m a t i o n s .  * 
ment and t e s t i n g  is r e q u i r e d  t o  q u a n t i f y  and maximize b i t  
l i f e t i m e  and t o  o p t i m i z e  t h e  b i t  d e s i g n .  

A d d i t i o n a l  d e v e l o p -  

A c t i v i t i e s  r e q u i r e d  to  achieve these r e s u l t s  i n c l u d e :  

(1) l a b o r a t o r y  t e s t i n g  o f  s i n g l e  c u t t e r s :  ( 2 )  l a b o r a t o r y  
and f i e l d  t e s t i n g  o f  f u l l - s c a l e  b i t s ;  ( 3 )  d e f i n i t i o n  o f  
wear mechanisms and empir ica l  mode l s  t o  p r e d i c t  wear 
r a t e :  ( 4 )  c a l c u l a t i o n s  and measurements  of t e m p e r a t u r e s  
g e n e r a t e d  i n  t h e  c u t t e r s  d u e  t o  f r i c t i o n a l  h e a t  i n p u t  
d u r i n g  d r i l l i n g ;  ( 5 )  d e t e r m i n a t i o n  o f  t h e  e f f e c t s  o f  
d i f f e r e n t  d r i l l i n g  f l u i d s  o n  wear r a t e ;  ( 6 )  d e v e l o p m e n t  
of models  f o r  c u t t e r / r o c k  i n t e r a c t i o n  s t u d i e s ;  a n d  ( 7 )  

deve lopmen t  o f  compute r  o p t i m i z a t i o n  codes f o r  l o c a t i n g  
t h e  c u t t e r s  on t h e  b i t  body t o  maximize p e r f o r m a n c e .  

The D r i l l  B i t  H y d r a u l i c s  S t u d i e s  and  t h e  R o c k / C u t t e r  
I n t e r a c t i o n  S t u d i e s  b e i n g  c o n d u c t e d  u n d e r  t h e  S u p p o r t i n g  
Technology Program e l e m e n t  d i r e c t l y  s u p p o r t  t h i s  t a s k .  

Both  t h e s e  s u p p o r t i n g  t a s k s  w i l l  a s s i s t  i n  o p t i m i z i n g  t h e  
b i t  d e s i g n .  

I t  is  a n t i c i p a t e d  t h a t  s e v e r a l  i t e r a t i o n s  on b i t  d e s i g n  
and f i e l d  t e s t i n g  w i l l  b e  r e q u i r e d  b e f o r e  t h e  PDC b i t  



t e c h n o l o g y  is  r e a d y  f o r  c o m m e r c i a l i z a t i o n  f o r  g e o t h e r m a l  
d r i l l i n g  . 
S u b t a s k  4 -- D e s i g n ,  Development ,  and  T e s t i n g  
o f  a P r o t o t y p e  Downhole R e p l a c e a b l e  D r i l l  B i t  

T h e  o b j e c t i v e  o f  t h i s  t ask  is t o  d e m o n s t r a t e  a p r o t o t y p e  
v e r s i o n  of a b i t  i n  which  t h e  c u t t i n g  s u r f a c e  c a n  be 

changed  w h i l e  t h e  b i t  is s t i l l  i n  t h e  h o l e .  

S u c c e s s f u l  c o m p l e t i o n  o f  t h i s  s u b t a s k  w i l l  p r o v i d e  t h e  
d r i l l i n g  i n d u s t r y  w i t h  a b i t  t h a t  c a n  be  r e p l a c e d  i n  a 
v e r y  s h o r t  t i m e ,  t h e r e b y  r e d u c i n g  d r i l l i n g  costs by  
r e d u c i n g  t h e  t i m e  r e q u i r e d  f o r  t r i p p i n g  t o  replace worn 
b i t s .  The c u r r e n t  p r o t o t y p e  d e s i g n  d e v e l o p e d  by  S a n d i a  
N a t i o n a l  L a b o r a t o r i e s  u t i l i z e s  b o t h  n a t u r a l  and PDC 

c u t t e r s  mounted on  t h e  l i n k s  o f  a c o n t i n u o u s  c h a i n .  The  

c h a i n  is s t a t i o n a r y  w h i l e  d r i l l i n g ,  b u t  c a n  be  c y c l e d  
f rom t h e  s u r f a c e  t o  b r i n g  new c u t t e r s  i n t o  t h e  d r i l l i n g  
p o s i t i o n .  A s  many as 1 5  r e p l a c e m e n t  c u t t i n g  s t r u c t u r e s  
c a n  b e  c a r r i e d  i n  t h e  c u r r e n t  d e s i g n .  

F i e l d  tes ts  o f  t h i s  b i t  h a v e  r e c e n t l y  been  c o n d u c t e d ,  and 
t h e  a b i l i t y  t o  r e l i a b l y  c y c l e  t h e  b i t  downhole h a s  b e e n  
d e m o n s t r a t e d .  A m e e t i n g  w i t h  i n d u s t r y  r e p r e s e n t a t i v e s  
w i l l  b e  c o n d u c t e d  t o  e x p l a i n  t h e  d e s i g n  and  t o  i d e n t i f y  
o n e  or  m o r e  i n d u s t r y  p a r t n e r s  who would be  i n t e r e s t e d  i n  

a j o i n t  p rogram t o  commercialize t h e  p r o d u c t .  Ass is tance  
t o  i n d u s t r y  p a r t n e r s  w i l l  be  p r o v i d e d  by S a n d i a .  

I n  p a r a l l e l  w i t h  c o m m e r c i a l i z a t i o n  a c t i v i t i e s  o n  t h e  
c u r r e n t  d e s i g n ,  new c u t t i n g  s u r f a c e s  w i l l  b e  i n v e s t i -  
g a t e d .  I n  p a r t i c u l a r ,  a c h a i n  u s i n g  o n l y  PDC c u t t e r s  
w i l l  be  d e v e l o p e d .  C u t t e r  p o s i t i o n i n g ,  h y d r a u l i c s  con- 
s i d e r a t i o n s ,  and  t h e  u s e  of a c a s t i n g  t o  make t h e  c h a i n  
l i n k s  w i l l  b e  s t u d i e d .  A s u c c e s s f u l  PDC d e s i g n  would 
allow u s e  of t h e  c h a i n  d r i l l  c o n c e p t  i n  a w i d e r  r a n g e  of 
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f o r m a t i o n s  and would s i g n i f i c a n t l y  improve  t h e  p e n e t r a -  
t i o n  r a t e  of t h e  b i t .  

S u b t a s k  5 -- D e s i g n ,  Development ,  and T e s t i n g  o f  Improved 
R e a m e r s  

Loss of g a g e  w h i l e  d r i l l i n g  is a common problem i n  geo- - 

t h e r m a l  d r i l l i n g  b e c a u s e  o f  t h e  h a r d  f o r m a t i o n s  encoun-  
tered.  T h i s  adds t o  t h e  cost  o f  d r i l l i n g  b e c a u s e  it 

becomes n e c e s s a r y  t o  ream t o  r e t u r n  t h e  b i t  t o  bottom 
when resuming d r i l l i n g  a f t e r  a b i t  r u n .  The o b j e c t i v e  o f  
t h i s  s u b t a s k  is t o  d e v e l o p  t h e  t e c h n o l o g y  r e q u i r e d  t o  
min imize  loss  o f  g a g e  i n  g e o t h e r m a l  d r i l l i n g .  

T h i s  s u b t a s k  w i l l  d e s i g n ,  d e v e l o p ,  and t e s t  new reamers 
u s i n g  PDC c u t t e r s .  N e w  d e s i g n s  have  a l r e a d y  been  g e n e r -  
a t e d , ' b u t  f a b r i c a t i o n  and t e s t i n g  o f  these d e s i g n s  r e m a i n  
t o  be accomplished. The new designs use conventional 

r o l l e r  reamers augmented by PDC c u t t e r s .  N e w  reamers 
w i l l  be  f a b r i c a t e d ,  t es ted ,  m o d i f i e d ,  and re tes ted t o  
d e v e l o p  a d e s i g n  s u i t a b l e  fo r  c o m m e r c i a l i z a t i o n .  

2 .  D r i l l i n g  F l u i d s  

( a )  O b j e c t i v e .  The o b j e c t i v e  of t h i s  program e l e m e n t  is  t o  
d e v e l o p  d r i l l i n g  f l u i d s  t h a t  h a v e  des i r ab le  rheologica l  p roper t ies ,  

are  s t a b l e ,  and are  n o n c o r r o s i v e  a t  h i g h  t e m p e r a t u r e  and i n  t h e  pres- 
e n c e  of g e o t h e r m a l  b r i n e s .  

( b )  T e c h n i c a l  Approach. Because  o f  t h e  h i g h  t e m p e r a t u r e ,  
f r a c t u r e d ,  u n d e r p r e s s u r e d  n a t u r e  of g e o t h e r m a l  f o r m a t i o n s ,  conven-  
t i o n a l  d r i l l i n g  f l u i d s  are i n  many cases n o t  s u i t a b l e  f o r  u s e  i n  
g e o t h e r m a l  d r i l l i n g .  The lack o f  s u i t a b l e  f l u i d s  i n c r e a s e s  t h e  d i r e c t  
costs  associated w i t h  f l u i d s ,  c o r r o s i o n  i n h i b i t o r s ,  and s u r f a c e  e q u i p -  
men t  r e q u i r e d  i n  g e o t h e r m a l  d r i l l i n g ;  and t h e  i n d i r e c t  cos t s  asso- 
c i a t e d  w i t h  f i e l d  r e l a t e d  problems s u c h  as pipe s t i c k i n g ,  c o r r o s i o n -  
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i nduced  pipe f a i l u r e s ,  t i m e  l o s t  due  to  l o s t  c i r c u l a t i o n ,  s l o w  d r i l l -  

i n g  b e c a u s e  o f  poor s o l i d s  c o n t r o l ,  b o r e h o l e  i n s t a b i l i t y ,  and  forma- 
@ t i o n  damage. 

F l u i d s  used  i n  g e o t h e r m a l  d r i l l i n g  i n c l u d e  wa te r -based  muds, 
water ,  a i r ,  and foam. Because  o f  t h e  o b v i o u s  s i m p l i c i t y  and  lower 
c o s t ,  d r i l l i n g  is  done  w i t h  water or a i r  whenever  p r a c t i c a l ,  b u t  when 
h i g h  f o r m a t i o n  p r e s s u r e s  are  e n c o u n t e r e d ,  a w e i g h t e d  f l u i d  i s  r e q u i r e d  
f o r  w e l l  c o n t r o l .  I n  some cases o f  d r i l l i n g  i n  h i g h l y  p e r m e a b l e  o r  
f r a c t u r e d  f o r m a t i o n s ,  i t  is  e v e n  d i f f i c u l t  t o  u s e  water b e c a u s e  o f  
h i g h  r a t e s  o f  f l u i d  loss .  A i r  d r i l l i n g  c a n  be  u s e d ,  b u t  i t  i s  l i m i t e d  
b y  s u c h  f a c t o r s  a s  i n s u f f i c i e n t  b i t  c o o l i n g ,  h i g h  c o r r o s i o n  r a t e s ,  
ho le  s l o u g h i n g ,  r e d u c e d  a b i l i t y  t o  l i f t  c u t t i n g s  t o  t h e  s u r f a c e  i n  
d e e p  h o l e s ,  l a c k  o f  c o n t r o l  o f  water i n f l u x ,  and  e r o s i o n  o f  t h e  d r i l l  

s t r i n g  from h i g h - v e l o c i t y  pa r t i c l e s .  

Work p r e v i o u s l y  s p o n s o r e d  by t h i s  program h a s  shown t h a t  some o f  
t o d a y ' s  h i g h - t e m p e r a t u r e  muds d e g r a d e  b a d l y  a t  g e o t h e r m a l  tempera- 
t u r e s .  They o f t e n  become c o r r o s i v e  due  t o  chemical d e c o m p o s i t i o n  and 
c a n  p e r m a n e n t l y  damage t h e  p r o d u c i n g  f o r m a t i o n  by  e x c e s s  f l u i d  l o s s  
and f i l t e r  cake  b u i l d u p .  Viscoe las t ic  p rope r t i e s  a r e  a l t e r e d  by 
t e m p e r a t u r e ,  and i n c r e a s e d  g e l  s t r e n g t h  l e a d s  t o  i n c r e a s e d  c i r c u l a t i n g  
p r e s s u r e s  which  c a n  c a u s e  f o r m a t i o n  breakdown. 

D r i l l i n g  foams h a v e  h i g h  l i f t i n g  c a p a c i t y  a n d ,  t h e r e f o r e ,  low 
a n n u l a r  v e l o c i t i e s  are  r e q u i r e d  f o r  c u t t i n g s  r emova l .  However, e x i s t -  
i n g  foams become u n s t a b l e  and /o r  c o r r o s i v e  a t  h i g h  t e m p e r a t u r e ,  a r e  
n o t  e a s i l y  b r o k e n  down a f t e r '  u s e ,  and p r e s e n t  d i f f i c u l t i e s  i n  separat-  

i n g  f i n e  c u t t i n g s  f rom t h e  f l u i d .  Foams c a n ,  however ,  f i l l  t h e  need  

for n o n c o n t a m i n a t i n g ,  nondamaging f l u i d  a n d  c a n  a l so  a l low i n -  
creases i n  ra te  o f  p e n e t r a t i o n .  I f  f o r m a t i o n  p r e s s u r e  i s  n o t  a 

p rob lem,  i n d u s t r y  spokesmen h a v e  e s t i m a t e d  t h a t  a s i g n i f i c a n t  f r a c t i o n  
o f  g e o t h e r m a l  w e l l s  would be  foam d r i l l e d  i f  a h i g h  t e m p e r a t u r e  foam 
were a v a i l a b l e .  
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I n  order t o  a d d r e s s  t h e  p r o b l e m s  c i t e d  above ,  i$ w i l l  be  n e c e s s a r y  
t o  d e v e l o p  new d r i l l i n g  f l u i d s  f o r  g e o t h e r m a l  a p p l i c a t i o n s .  Thus ,  
t h i s  program e l e m e n t  h a s  been  d i v i d e d  i n t o  t h e  t h r e e  f o l l o w i n g  sub- 
t asks  : 

(1) Development  o f  improved d r i l l i n g  muds f o r  d r i l l i n g  

i n  h i g h - t e m p e r a t u r e  f o r m a t i o n s  where  a w e i g h t e d  f l u i d  is  needed .  

( 2 )  Development  o f  d r i l l i n g  foams f o r  u s e  i n  under -  

p r e s s u r e d  f o r m a t i o n s .  

( 3 )  Development  of i n e r t  g a s  d r i l l i n g  f l u i d s  t o  r e d u c e  

t h e  c o r r o s i o n  r a t e s  i n  f o r m a t i o n s  where  g a s  d r i l l i n g  is  d e s i r a b l e .  

( c )  Development  A c t i v i t y  by S u b t a s k .  The d r i l l i n g  f l u i d s  
subtask milestone s c h e d u l e s  are shown in F i g u r e  6. 

S u b t a s k  1 -- Development  o f  Improved D r i l l i n g  Muds 

The o b j e c t i v e s  o f  t h i s  s u b t a s k  are  t o  d e v e l o p  a f u n d a -  
m e n t a l  u n d e r s t a n d i n g  of t h e  h i g h - t e m p e r a t u r e  b e h a v i o r  o f  
v a r i o u s  c l a y s  used  i n  d r i l l i n g  muds and  t o  u s e  t h i s  
u n d e r s t a n d i n g  t o  f o r m u l a t e  a mud t h a t  w i l l  be  u s a b l e  i n  
g e o t h e r m a l  d r i l l i n g .  To meet these  o b j e c t i v e s ,  i t  is  

n e c e s s a r y  t o  c o n t i n u e  t h e  deve lopmen t  o f  l a b o r a t o r y  
i n s t r u m e n t a t i o n  f o r  m e a s u r i n g  t h e  v i s c o e l a s t i c  p r o p e r t i e s  
o f  muds a t  h i g h  temperature and p r e s s u r e :  t o  s t u d y  t h e  
h i g h - t e m p e r a t u r e  morphology o f  b e n t o n i t e ,  a t t a p u l g i t e ,  
s e p i o l i t e ,  and o t h e r  c l a y s ;  and  t o  d e f i n e  c a n d i d a t e  mud 
f o r m u l a t i o n s  f o r  l a b o r a t o r y  and f i e l d  t e s t i n g .  
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P r e v i o u s  a c t i v i t i e s  u n d e r  t h i s  program have  l e d  to  t h e  
c o n s t r u c t i o n  of a mud f l o w  t e s t  l o o p 5  a t  t h e  U n i v e r s i t y  
o f  Oklahoma c a p a b l e  of s u b j e c t i n g  d r i l l i n g  muds t o  s i m u -  
l a t e d  downhole c o n d i t i o n s  o f  u p  t o  288OC (550OF) and  



COMPLETED AND NEAR TERM MILESTONES 
DRILLING FLUIDS 

e 

MILESTONE 

SUBTASK 1 - DRILLING MUDS 

Development o f  Mud Flow Test Loop a t  the  U n i v e r s i t y  o f  Oklahoma 
Compl e t e d  

Development of High-pressure Mud Test F a c i l i t y  a t  NL Baro id 
Complete 

Studies o f  Temperature and Chemical E f f e c t s  on Clay Morphology 
a t  Texas Tech U n i v e r s i t y  Complete 

Formulat ion and F i e l d  Tes t ing  o f  Improved Geothermal D r i l l  i n g  
Mud Complete 

SUBTASK 2 - DRILLING FOAMS 

I d e n t i  f i c a t i o n  of  H i  gh-Tempera tu re  Sur fac tan ts  Completed 

Screening o f  Sur fac tan ts  a t  Simulated Downhole Condi t ions 
Compl e t e  

Tes t ing  of Promising Foams i n  Borehole Simulator  Complete 

Formulat ion and F i e l d  Test ing o f  Stable, Non-corrosive Foam 
Complete 

SUBTASK 3 - INERT DRILLING FLUIDS 

F i e l d  Test o f  N i t rogen as a D r i l l i n g  F l u i d  Complete 

Determinat ion o f  Corros ion Rates and P o t e n t i a l  Costs o f  I n e r t  
D r i l l i n g  F l u i d s  Complete 

FY 1980 
I 

1 
I 

I 

2 
I 

I 

v 

I 

3 
I 

I 

FY 1981 
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FY 1982 

F i g u r e  6 .  D r i l l i n g  F l u i d s  M i l e s t o n e s  



COMPLETED AND NEAR TERM MILESTONES 
DRILLING FLUIDS (CONTINUEb) 

MILESTONE I 
SUBTASK 3 - INERT D R I L L I N G  FLUIDS (CONTINUED) 

Laboratory Testing of Portable Nitrogen Generation System 
Compl e te 

Cost/Benefit Assessment o f  Nitrogen as a Drilling Fluid Complete 

Development of Full Scale Nitrogen Generation U n i t  Complete by 
the End o f  FY83 
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F i g u r e  6 ( C o n t i n u e d ) .  D r i l l i n g  F l u i d s  M i l e s t o n e s  
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2 0 . 6  MPa ( 3 , 0 0 0  p s i ) .  V i scoe la s t i c  p rope r t i e s  and cor- 
r o s i v i t y  c a n  b e  measu red  w h i l e  t h e  mud is  c i r c u l a t i n g  i n  
t h i s  loop. T h i s  loop w i l l  be  made a v a i l a b l e  f o r  u s e  by 
p r i v a t e  i n d u s t r y  f o l l o w i n g  a few f i n a l  tes ts .  A new t e s t  
f a c i l i t y  t h a t  w i l l  e x t e n d  t h e  t e s t  c o n d i t i o n s  t o  371OC 
(700OF) and  1 3 8  MPa ( 2 0 , 0 0 0  p s i )  is  c u r r e n t l y  u n d e r  con-  
s t r u c t i o n  a t  NL Baroid.  Comple t ion  o f  t h i s  f a c i l i t y  w i l l  

p r o v i d e  t h e  a b i l i t y  t o  d e t e r m i n e  r h e o l o g i c a l  p rope r t i e s  
o f  f l u i d s  u n d e r  a l l  p o s t u l a t e d  downhole e n v i r o n m e n t s .  

The f o r m u l a t i o n  o f  a n  optimum g e o t h e r m a l  mud r e q u i r e s  a n  
u n d e r s t a n d i n g  of c l a y  morphology as a f u n c t i o n  o f  temper- 
a t u r e  and c h e m i c a l  e n v i r o n m e n t .  To d e v e l o p  t h i s  unde r -  
s t a n d i n g ,  s e v e r a l  c l a y s  are c u r r e n t l y  b e i n g  a n a l y z e d  
a f t e r  e x p o s u r e  t o  t e m p e r a t u r e  and  v a r i o u s  c h e m i c a l  e n v i -  
ronmen t s .  B o t h  s c a n n i n g  t r a n s m i s s i o n  e l e c t r o n  microscope 
(STEM) and X-ray d i f f r a c t i o n  t e c h n i q u e s  a r e  b e i n g  u s e d  t o  
d e t e r m i n e  t h e  m o r p h o l o g i c a l  c h a n g e s  o c c u r r i n g  i n  t h e  
c l a y s .  T e m p e r a t u r e s  t o  35OOC (662OF) a r e  b e i n g  u s e d .  A 

t e s t  m a t r i x  o f  c l a y s ,  t e m p e r a t u r e s ,  e x p o s u r e  t i m e s ,  and 
c h e m i c a l  a d d i t i v e s  h a s  been  d e f i n e d .  F o l l o w i n g  t h e s e  
tes ts ,  recommendat ions  w i l l  be  made c o n c e r n i n g  t h e  b e s t  
mud f o r m u l a t i o n  t o  be u s e d  i n  s p e c i f i c  r e s e r v o i r  t ypes .  
These  f o r m u l a t i o n s  w i l l  be  t e s t e d  u s i n g  t h e  h igh-  

p r e v i o u s l y  and  t h e i r  p e r f o r m a n c e  compared w i t h  t h a t  of 
muds c u r r e n t l y  used  i n  g e o t h e r m a l  d r i l l i n g .  P r o m i s i n g  
c a n d i d a t e s  w i l l  b e  f i e l d  tes ted .  

temperature/high-pressure instrumentation developed 

I n  p a r a l l e l  w i t h  t h e  c l a y  morphology s t u d y ,  a d d i t i o n a l  
l a b o r a t o r y  and f i e l d  tests on  c u r r e n t l y  used  g e o t h e r m a l  
d r i l l i n g  f l u i d s  w i l l  be c o n d u c t e d .  F o r  example ,  sepio- 
l i t e  is a c l a y  t h a t  h a s  shown good h i g h - t e m p e r a t u r e  
c h a r a c t e r i s t i c s  when u s e d  w i t h  t h i n n i n g  a g e n t s .  Labora-  
t o r y  tes ts  on  a mud f o r m u l a t i o n  (HTM-1)5 u s i n g  t h i s  c l a y  
were e n c o u r a g i n g ,  and a s u c c e s s f u l  f i e l d  t e s t  was r e c e n t l y  
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c o n d u c t e d .  O t h e r  f o r m u l a t i o n s  h a v e  been  s u g g e s t e d  for  
l a b o r a t o r y  and f i e l d  t e s t i n g .  C o n t i n u a t i o n  o f  t h i s  

a c t i v i t y  i s  p l a n n e d  t o  p r o v i d e  c o m p a r a t i v e  d a t a  f o r  any  
new muds d e v e l o p e d  i n  t h i s  program.  

9 S u b t a s k  2 -- Development  o f  D r i l l i n g  Foams 

The d e v e l o p m e n t  of a s t a b l e ,  n o n c o r r o s i v e  d r i l l i n g  foam 
for  h i g h - t e m p e r a t u r e  u s e  w i l l  proceed w i t h  t h e  i d e n t i f i -  
c a t i o n  of p r o m i s i n g  chemical s y s t e m s  b y  s c r e e n i n g  commer- 
c i a l l y  a v a i l a b l e  s u r f a c t a n t s  u n d e r  h i g h - t e m p e r a t u r e  con- 
d i t i o n s ,  t o  3 1 0 ° C  ( 5 9 0 ° F ) .  Measurements  o f  foam d r a i n a g e  
t i m e ,  foam d e n s i t y ,  c e l l  s t r u c t u r e ,  and p H  a r e  b e i n g  per- 
formed b o t h  b e f o r e  and  a f t e r  e x p o s u r e  t o  2 6 0 ° C  ( 5 0 0 ° F )  

temperatures f o r  per iods  o f  t w o  h o u r s .  F i f t y - s i x  s u r f a c -  
t a n t s  have  a l r e a d y  been  s c r e e n e d ,  and t w e l v e  ( p r i m a r i l y  
s u l f o n a t e s )  have  been  i d e n t i f i e d  for  f u r t h e r  t e s t i n g  a t  

h i g h e r  t e m p e r a t u r e s  and pressures [ 3 1 O o C  (590°F), 3 . 4  MPa 
( 5 0 0  p s i ) ] .  I n  a d d i t i o n ,  c o m p a r i s o n s  be tween foams gen- 
e r a t e d  w i t h  d e i o n i z e d  water and w i t h  s i m u l a t e d  b r i n e s  
w i l l  be made t o  d e t e r m i n e  t h e  e f f e c t  on  foam p e r f o r m a n c e  
of wellbore f l u i d s  t h a t  m i g h t  be e x p e c t e d  t o  c o n t a c t  t h e  

foam u n d e r  a c t u a l  d r i l l i n g  c o n d i t i o n s .  Those s u r f a c t a n t s  
p a s s i n g  t h i s  more s e v e r e  s c r e e n i n g  procedure w i l l  be 

i d e n t i f i e d  f o r  t e s t i n g  i n  a s i m u l a t e d  wellbore. T h i s  

t e s t i n g  w i l l  i n v o l v e  t h e  u s e  o f  S a n d i a ' s  Long Tube  Heat 
Exchanger  F a c i l i t y  and w i l l  i n c l u d e  measu remen t s  o f  t h e  

h e a t  t r a n s f e r  c o e f f i c i e n t s  of t h e  foams u n d e r  f l o w i n g  
c o n d i t i o n s .  Tests  c o n d u c t e d  i n  t h i s  f a c i l i t y  w i l l  pro- 

v i d e  t h e  d a t a  needed  to  p r e d i c t  t h e  p e r f o r m a n c e  of t h e  

foams u n d e r  a c t u a l  f i e l d  c o n d i t i o n s .  

Those  foams i d e n t i f i e d  as s u i t a b l e  fo r  f i e l d  t e s t i n g  w i l l  

be formula ted  and tes ted .  T h i s  f i e l d  t e s t i n g  w i l l  r e s u l t  
i n  a n  i d e n t i f i c a t i o n  o f  t h e  cos t s  and b e n e f i t s  a s soc ia t ed  
w i t h  u s i n g  foams i n  geothermal d r i l l i n g .  



Those s u r f a c t a n t s  i d e n t i f i e d  i n  p r e l i m i n a r y  s c r e e n i n g  as 
b e i n g  s u i t a b l e  fo r  f i e l d  t e s t i n g  w i l l  a l so  be i n v e s t i -  
g a t e d  as t o  t h e  ease or d i f f i c u l t y  of d i sposa l .  The 

d i sposa l  p r o c e d u r e  w i l l  p r o b a b l y  r e q u i r e  a s u r f a c t a n t  
t h a t  c a n  be b r o k e n  down by chemical o r  m e c h a n i c a l  t r ea t -  

ment .  Most o f  t h e  s u r f a c t a n t s  c o n s i d e r e d  t o  d a t e  are  
b i o d e g r a d a b l e ,  b u t  c o n t i n u e d  a t t e n t i o n  t o  t h e  p rob lem o f  
d i sposa l  i s  r e q u i r e d .  

S u b t a s k  3 -- Development  of I n e r t  G a s  D r i l l i n g  F l u i d s  

The  o b j e c t i v e s  o f  t h i s  s u b t a s k  are  t o  d e t e r m i n e  t h e  cos t /  
b e n e f i t  o f  u s i n g  n i t r o g e n  r a t h e r  t h a n  a i r  a s  a d r i l l i n g  
f l u i d  i n  g e o t h e r m a l  d r i l l i n g  and t o  d e v e l o p  f i e l d  por ta -  
b l e  n i t r o g e n  g e n e r a t i o n  s y s t e m s ,  i f  appropr ia te .  The  u s e  
of a i r  f o r  g e o t h e r m a l  d r i l l i n g  h a s  many a d v a n t a g e s ,  b u t  
o n e  major d i s a d v a n t a g e  e x i s t s ,  namely ,  i n c r e a s e d  d r i l l  
p ipe c o r r o s i o n .  T h i s  i n c r e a s e  i n  c o r r o s i o n  i s  a t t r i b u t e d  
p r i m a r i l y  t o  t h e  p r e s e n c e  of oxygen i n  t h e  a i r .  Oxygen 
s c a v e n g e r s  are u s u a l l y  e f f e c t i v e  i n  r e d u c i n g  t h e  corro- 
s i o n  r a t e ;  however ,  t h e y  a re  e x p e n s i v e .  A n o t h e r  approach 
is  t o  u s e  a n  i n e r t  g a s ,  s u c h  as  n i t r o g e n ,  r a t h e r  t h a n  
a i r .  This s u b t a s k  w i l l  f i r s t  d e t e r m i n e  t h e  amount of 
d r i l l  p ipe  c o r r o s i o n  o c c u r r i n g  w i t h  a i r  a s  t h e  d r i l l i n g  
f l u i d ,  t h e n  w i t h  n i t r o g e n  as t h e  d r i l l i n g  f l u i d .  T h i s  
d e t e r m i n a t i o n  w i l l  a l l o w  a n  a s s e s s m e n t  of t h e  w e l l  cost 

r e d u c t i o n  p o t e n t i a l  of d r i l l i n g  w i t h  n i t r o g e n .  Both  

s y s t e m s  a n a l y s i s  p r o c e d u r e s  and a c t u a l  f i e l d  tes ts  w i l l  

b e  used  , to  p e r f o r m  t h i s  a s s e s s m e n t .  F i e l d  t e s t s  w i l l  be  
c o n d u c t e d  a s  r e q u i r e d  and  o n  wel l s  of o p p o r t u n i t y ,  b u t  
p r i m a r y  emphasis w i l l  be  g i v e n  i n i t i a l l y  t o  h y d r o t h e r m a l  
r e s e r v o i r s ,  s u c h  a s  t h e  Baca l o c a t i o n  i n  N e w  Mexico. 

I t  is u n l i k e l y  t h a t  a cost  s a v i n g s  c a n  be  r e a l i z e d  i f  t h e  

n i t r o g e n  h a s  t o  be t r u c k e d  t o  t h e  d r i l l i n g  l o c a t i o n  as  a 
l i q u i d .  T h e r e f o r e ,  t e c h n i q u e s  f o r  g e n e r a t i n g  n i t r o g e n  a t  
t h e  r i g  l o c a t i o n  w i l l  be i n v e s t i g a t e d .  A d e t e r m i n a t i o n  
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o f  t h e  u n i t  cost o f  g e n e r a t i n g  n i t r o g e n  w i t h  each t e c h -  
n i q u e  w i l l  b e  made. T h i s  cos t  c a n  t h e n  be u s e d  i n  s y s -  
t e m s  a n a l y s i s  p r o c e d u r e s  t o  d e t e r m i n e  t h e  o v e r a l l  cost/ 
bene f  i t r a t  i o .  

Two t e c h n i q u e s  f o r  g e n e r a t i n g  n i t r o g e n  a t  t h e  r i g  s i t e  
h a v e  been  i d e n t i f i e d .  The f i r s t  i n v o l v e s  t h e  c o n v e r s i o n  
of d i e se l  e x h a u s t  g a s  i n t o  a g a s  h a v i n g  l o w  oxygen con- 
t e n t  by  b u r n i n g  t h e  e x h a u s t  w i t h  e x c e s s  d i e s e l  f u e l  i n  
t h e  p r e s e n c e  o f  a c a t a l y s t .  The a s s e s s m e n t  o f  t h e  f e a s i -  
b i l i t y  of t h i s  t e c h n i q u e  i n v o l v e s  l a b o r a t o r y  s t u d i e s  
u s i n g  small  d i e s e l  e n g i n e s  t o  d e t e r m i n e  t h e  c h e m i c a l  
c o m p o s i t i o n  o f  t h e  p r o d u c t  g a s .  These  e x p e r i m e n t s  w i l l  
i n d i c a t e  what  t e c h n i q u e s  a r e  r e q u i r e d  t o  c l e a n  t h e  gas 

b e f o r e  i t  c a n  b e  p a s s e d  t h r o u g h  t h e  compressor ( e . g . ,  it 
m a y  be n e c e s s a r y  t o  p r o v i d e  f o r  s u l f u r  r e m o v a l ) .  Once 
t h e  downst ream c l e a n u p  processes h a v e  b e e n  i d e n t i f i e d ,  a n  
a s s e s s m e n t  o f  t h e  cost  o f  t h e  n i t r o g e n  p roduced  by t h i s  
method w i l l  be made b e f o r e  a s c a l e - u p  of t h e  u n i t  t o  

f i e l d  t e s t  p r o p o r t i o n s  i s  a t t e m p t e d .  I f  t h e  c o s t / b e n e f  i t  

c a l c u l a t i o n s  a re  e n c o u r a g i n g ,  a f u l l - s i z e  c a t a l y t i c  con-  
v e r t o r  w i l l  b e  c o n s t r u c t e d  fo r  f i e l d  t e s t i n g .  

The second  t e c h n i q u e  f o r  n i t r o g e n  g e n e r a t i o n  i n v o l v e s  
c r y o g e n i c  s e p a r a t i o n  o f  n i t r o g e n  from a i r  by s u c c e s s i v e  
c o o l i n g .  T h i s  t e c h n i q u e  is  commonly u s e d  b y  m a n u f a c t u r -  
e r s  who s u p p l y  l i q u i d  n i t r o g e n ;  however ,  t h e  d i s t i l l a t i o n  
co lumns  u s e d  a re  v e r y  l a r g e  and g e n e r a l l y  n o t  p o r t a b l e .  
R e c e n t l y  a s u p p l i e r  o f  a new, po r t ab le  separa tor  has been  
i d e n t i f i e d .  A small u n i t  h a s  b e e n  c o n s t r u c t e d  u n d e r  
p r i v a t e  f u n d i n g .  T h i s  u n i t  w i l l  be  l e a s e d  f o r  f i e l d  
t e s t i n g  so t h a t  t h e  cos t  o f  n i t r o g e n  p r o d u c e d  by  t h e  u n i t  
c a n  be d e t e r m i n e d .  If t h e  f i e l d  t e s t s  a re  e n c o u r a g i n g ,  
a l a r g e  u n i t  c a p a b l e  o f  s u p p l y i n g  s u f f i c i e n t  q u a n t i t i e s  
o f  n i t r o g e n  f o r  d r i l l i n g  w i l l  be  c o n s t r u c t e d  and f i e l d  

tested.  



3 .  Comple t ion  T e c h n o l o g y  

( a )  O b j e c t i v e .  The o b j e c t i v e  o f  t h e  c o m p l e t i o n  t e c h n o l o g y  
d e v e l o p m e n t  p rogram i s  t o  m i n i m i z e  t h e  l i f e  c y c l e  cos t  o f  t h e  comple-  
t i o n  of b o t h  p r o d u c t i o n  and i n j e c t i o n  w e l l s .  

( b )  T e c h n i c a l  Approach .  The a p p r o a c h  t o  m e e t i n g  t h e  s t a t e d  

o b j e c t i v e  is t o  d e v e l o p  t h e  t e c h n o l o g y  t h a t  w i l l  e x t e n d  t h e  u s e f u l  
l i f e  o f  t h e  c o m p l e t i o n ,  i n c r e a s e  p r o d u c t i v i t y  a n d / o r  i n j e c t i v i t y ,  
i n c r e a s e  t h e  r e l i a b i l i t y  o f  t h e  c o m p l e t i o n ,  and d e c r e a s e  b o t h  workover  
f r e q u e n c y  and costs .  Mee t ing  t h e s e  o b j e c t i v e s  w i l l  r e d u c e  t h e  number 
o f  new w e l l s  r e q u i r e d  t o  meet p r o d u c t i o n  and i n j e c t i o n  r e q u i r e m e n t s .  
The i n i t i a l  cos t  o f  t h e  improved c o m p l e t i o n  may n o t  be s u b s t a n t i a l l y  
r e d u c e d ,  b u t  t h e  i n c r e a s e d  r e l i a b i l i t y  of t h e  c o m p l e t i o n  s h o u l d  sub-  
s t a n t i a l l y  r e d u c e  t h e  t o t a l  l i f e  c y c l e  cost  o f  t h e  w e l l .  

Poor  cement  p l a c e m e n t  is known t o  b e  t h e  p r i m a r y  cause o f  most 
c a s i n g  f a i l u r e s .  F a i l u r e  t o  c o m p l e t e l y  d i s p l a c e  a l l  o f  t h e  d r i l l i n g  
f l u i d  by t h e  cement  w i l l  lead to  t h e  f o r m a t i o n  o f  mud p o c k e t s  i n  t h e  
cement  which  h a v e  e s s e n t i a l l y  no  bond ing  s t r e n g t h ;  h e n c e ,  t h e  c a s i n g  
w i l l  be u n s u p p o r t e d  i n  t h e s e  s e c t i o n s .  When a g e o t h e r m a l  w e l l  i s  
placed on  p r o d u c t i o n ,  c a s i n g  e x p a n s i o n  is  res i s ted  by  t h e  cemen t  
emplaced  b e h i n d  t h e  c a s i n g .  I n  t h o s e  areas where  t h e  c a s i n g  i s  unsup-  
p o r t e d ,  t h e  r e s i s t a n c e  t o  l o n g i t u d i n a l  e x p a n s i o n  may cause b u c k l i n g  t o  
occur.  The e n t r a p p e d  d r i l l i n g  f l u i d  may a l so  expand and t e n d  t o  
col lapse t h e  c a s i n g  w i t h  e x t e r n a l  p r e s s u r e .  Water f l o w s  e x t e r n a l  t o  

t h e  c a s i n g  may lead to  e x t e n s i v e  c o r r o s i o n  damage i n  t h e s e  uncemented  
areas.  Proper cement  p l a c e m e n t  w i l l  a l l e v i a t e  a l l  o f  t h e  above  f a i l -  
u r e  modes; t h e r e f o r e ,  me thods  o f  improv ing  t h e  cement  p l a c e m e n t  opera- 
t i o n  w i l l  b e  j d e n t i f  i e d  and d e v e l o p e d .  

The t e c h n o l o g y  d e v e l o p m e n t  a c t i v i t i e s  a re  b r o k e n  i n t o  f o u r  b r o a d  
c a t e g o r i e s :  

(1) Development  of c a s i n g  and c e m e n t i n g  equ ipmen t  and 

p r o c e d u r e s .  
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( 2 )  Development  of e q u i p m e n t  and p r o c e d u r e s  f o r  remedial 

and p r o d u c t i o n  enhancemen t  o p e r a t i o n s .  

( 3 )  Development  o f  c o m p l e t i o n  and workover  f l u i d s .  

( 4 )  A n a l y s i s  of l i f e  c y c l e  cost  of g e o t h e r m a l  w e l l  
c o m p l e t i o n .  

I n  t h e  f irst  three  a c t i v i t i e s  l i s t e d  a b o v e ,  t h e  g e n e r a l  approach 
, fo l lowed is  t o  perform a l i m i t e d  s t a t e - o f - t h e - a r t  s t u d y  i n  which  n e e d s  

a r e  assessed. N e x t ,  r e q u i r e m e n t s  f o r  new equ ipmen t  o r  o p e r a t i n g  pro- 
cedures a re  fo rmula t ed .  S u b s e q u e n t l y ,  t h e  new e q u i p m e n t  or p r o c e d u r e s  
w i l l  be d e v e l o p e d ,  t es ted  i n  t h e  l a b o r a t o r y ,  a n d ,  f i n a l l y ,  t e s t e d  i n  
t h e  f i e l d .  

The  l i f e  c y c l e  cost  model w i l l  be used t o  d e f i n e  t h e  a reas  where 
development  e f f o r t  will n e t  t h e  g r e a t e s t  r e t u r n  and t o  assess t h e  

m a g n i t u d e  o f  cos t  r e d u c t i o n s  r e s u l t i n g  from improved c o m p l e t i o n  t e c h -  
n i q u e s .  

( c )  A c t i v i t i e s  by S u b t a s k .  The c o m p l e t i o n  t e c h n o l o g y  s u b t a s k  

m i l e s t o n e  s c h e d u l e s  a re  shown i n  F i g u r e  7 .  

S u b t a s k  1 -- Development  o f  C a s i n g  and Cemen t ing  
Equipment  and P r o c e d u r e s  

T h e  g o a l  of t h i s  s u b t a s k  is t o  d e v e l o p  improved c a s i n g  
and c e m e n t i n g  tools  a s  w e l l  a s  improved c e m e n t i n g  proce- 
d u r e s .  To accomplish t h i s ,  a l a b o r a t o r y  cement  t e s t i n g  
f a c i l i t y  w i l l  be e s t a b l i s h e d .  T h i s  l a b o r a t o r y  w i l l  a l l ow 
c i r c u l a t i o n  o f  mud and cement  be tween c a s i n g  and a simu- 
l a t e d  borehole u n d e r  s i m u l a t e d  downhole  c o n d i t i o n s .  The 

f a c i l i t y  w i l l  allow d e t e r m i n a t i o n  of t h e  cement  f l o w  
r a t e s  t h a t  w i l l  p r o v i d e  f o r  optimal d i s p l a c e m e n t  o f  mud 
by  cemen t ,  and w i l l  allow t h e  measurement  of t h e  r h e o l o g -  
i c a l  p rope r t i e s  of t h e  cement  u n d e r  s i m u l a t e d  downhole  
c o n d i t i o n s .  Based on t h e  r e su l t s  of t h e s e  t e s t s ,  too ls  
for  p r o p e r l y  p l a c i n g  cemen t  may need  t o  be d e v e l o p e d .  
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COMPLETED AND NEAR TERM MILESTONES 
COMPLETION TECHNOLOGY 

MILESTONE 

SUBTASK 1 - CASING AND CEMENTING EQUIPMENT AND PROCEDURES 

Background Studies o f  Casing F a i l u r e  Completed 

Ana lys is  o f  Casing F a i l u r e s  and Recommendations f o r  Remedies 
Comp 1 e t e  

I d e n t i f i c a t i o n  o f  L i m i t a t i o n s  o f  Pr imary Cementing Tools and 
Recommendations f o r  M o d i f i c a t i o n  Completed 

Sta te-o f - the-Ar t  Study o f  A u x i l i a r y  Completion Equipment 
Complete 

Design and F a b r i c a t i o n  o f  Cement Tes t  F a c i l i t y  Complete 

P r e l i m i n a r y  Laboratory Tests o f  M a t e r i a l s  and Displacement 
Procedures Complete 

SUBTASK 2 - EQUIPMENT AND PROCEDURES FOR REMEDIAL AND ENHANCEMENT 
OPERATIONS 

P r e l i m i n a r y  Study o f  Water-Jet Underreamer Completed 

Screening o f  H i  gh-Temperature Explosives f o r  P e r f o r a t i o n  Completed 

Development o f  H i  gh-Temperature P e r f o r a t o r  Complete 

Design, Fabr ica t ion ,  and F i e l d  Test o f  Prototype Water-Jet 
Descaler Completed 

D e f i n i t i o n  o f  Fur ther  Development E f f o r t s  f o r  Remedial Equipment 
Comp 1 e t e  

Development o f  Required Equipment Complete by the  End o f  FY83 

FY 1 
I 

1 
I 

e 

Figure 7. Completion Technology Milestones 



COMPLETED AND NEAR TERM MILESTONES 
COMPLETION TECHNOLOGY (CONTINUED) 

ul 
0 

MILESTONE 

SUBTASK 3 - COMPLETION AND WORKOVER FLUIDS 

I n i t i a l  F lu id /Format ion Laboratory  Tests Completed 

I n v e s t i g a t i o n  o f  Chemical and P a r t i c u l a t e  Damage E f f e c t s  on 
Permeable Formations Complete 

I n v e s t i g a t i o n  o f  Damage E f f e c t s  on Fractured Formations Complete 

Development o f  Improved F l u i d s  Complete by t h e  End o f  FY83 

SUBTASK 4 - LIFE CYCLE COST ANALYSIS 

Data Gather ing f o r  Completion Model Complete 

Computer Code Operat ional  
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C e r t a i n  s e c t i o n s  o f  c a s i n g  may n e v e r  b e  a d e q u a t e l y  pro- 

t e c t e d .  A n a l y t i c a l  t e c h n i q u e s  t h a t  w i l l  d e f i n e  t h e  maxi-  
mum u n s u p p o r t e d  pipe l e n g t h  t h a t  c a n  be t o l e ra t ed  w i l l  be 

d e v e l o p e d .  T h i s  a c t i v i t y  w i l l  assist i n  e s t a b l i s h i n g  
c a s i n g  d e s i g n  c r i t e r i a .  

S u b t a s k  2 -- Development  of Equipment  and  Procedures for  
Remed ia l  and P r o d u c t i o n  Enhancement  O p e r a t i o n s  

I n  a d d i t i o n  t o  t h e  p r i m a r y  c o m p l e t i o n  e q u i p m e n t  associ-  
a t e d  w i t h  t h e  c a s i n g  and c e m e n t i n g  e q u i p m e n t  and  opera- 
t i o n s ,  there  are many o ther  c o m p l e t i o n  o p e r a t i o n s  w h i c h  

i n f l u e n c e  t h e  p r o d u c t i v e  l i f e  of a w e l l .  I n  t h i s  s u b t a s k ,  

t h e s e  o p e r a t i o n s  w i l l  be e v a l u a t e d  a n d ,  w h e r e  appropri- 

a t e ,  d e v e l o p m e n t  e f f o r t s  w i l l  be i n i t i a t e d .  C o m p l e t i o n  
d e v e l o p m e n t  a c t i v i t i e s  wh ich  may be i n c l u d e d  are  t h e  

f o l l o w i n g :  improve s a n d  c o n t r o l  w i t h  g r a v e l  p a c k i n g  
procedures: improve  p r o d u c t i v i t y  u s i n g  b o t t o m h o l e  unde r -  
r e a m i n g  t o  remove s h a l l o w  damage c o l l a r s  and  s k i n  impair- 
men t ;  and  improve  p r o d u c t i v i t y  t h r o u g h  t h e  d e v e l o p m e n t  of 

more r e l i a b l l e  h i g h - t e m p e r a t u r e  p e r f o r a t o r s .  Equipment  
d e v e l o p m e n t  n e e d s  i n  t h e  areas o f  open  h o l e  packers and  
s u r f a c e  w e l l h e a d  and w e l l  c o n t r o l  e q u i p m e n t  w i l l  be e v a l -  
u a t e d .  Workover o p e r a t i o n s  o f  sca le  remova l  and c a s i n g  
and t u b i n g  repa i r  t e c h n i q u e s  w i l l  be d e f i n e d  and  e v a l u -  
a ted.  I n f l o w  c o n t r o l  t e c h n i q u e s  t o  l i m i t  t h e  i n f l u x  of 
c o l d  w a t e r  i n t o  producing w e l l s  w i l l  be d e f i n e d .  I n i t i a l  

w e l l  t e s t  c r i t e r i a  w i l l  b e  d e f i n e d  so t h a t  t h e  b e s t  way 
t o  b r i n g  a g e o t h e r m a l  w e l l  o n - l i n e  is  d e t e r m i n e d .  F u r -  
t h e r  d e v e l o p m e n t  e f f o r t s  i n  t h e  above  areas a re  a w a i t i n g  
t e c h n i c a l  d e E i n i t i o n  and a n a l y s i s  o f  economic  b e n e f i t .  

S u b t a s k  3 -- ComDlet ion  and  Workover  F l u i d  DeVelODment 

T y p i c a l  d r i l . l i n g  and  c o m p l e t i o n  f l u i d s  c a n  c a u s e  damage 
.to t h e  p r o d u c i n g  f o r m a t i o n .  I t  h a s  been  o b s e r v e d  t h a t  

n e a r - w e l l b o r e  p e r m e a b i l i t y  i m p a i r m e n t  may r e s u l t  from 
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s e v e r a l  mechanisms.  These  mechanisms i n c l u d e  t h e  t r a n s -  
p o r t  o f  d r i l l i n g  f l u i d  s o l i d s  i n t o  t h e  f o r m a t i o n  and t h e  
d e p o s i t i o n  o f  s o l i d s  a t  t h e  w e l l b o r e  i n t e r f a c e ,  t h e  
s w e l l i n g  o f  i n  s i t u  c l a y s  upon c o n t a c t  w i t h  d r i l l i n g  
f l u i d  f i l t r a t e  and t h e i r  s u b s e q u e n t  r e d u c t i o n  o f  f r e e  
space i n  t h e  r o c k  o r  m i g r a t i o n  i n  t h e  r o c k ,  and i n  s i t u  
c h e m i c a l  r e a c t i o n s  i n c l u d i n g  c l a y  t r a n s f o r m a t i o n  
r e a c t i o n s ,  polymer d e g r a d a t i o n ,  and simple e x c h a n g e  
r e a c t i o n s .  Work is i n  p r o g r e s s  t o  d e f i n e  t h e  i m p o r t a n c e  
o f  t h e s e  mechanisms and  t o  s u g g e s t  s p e c i f i c  m e a s u r e s  t o  
p ro tec t  b o t h  ma t r ix -domina ted  and f r a c t u r e - d o m i n a t e d  
r e s e r v o i r s .  
and c o m p l e t i o n  f l u i d s  t h a t  min imize  t h e  p r o b a b i l i t y  o f  
f o r m a t i o n  damage. 

I t  may b e  n e c e s s a r y  t o  d e v e l o p  new d r i l l i n g  

S u b t a s k  4 -- L i f e  C y c l e  C o s t  A n a l y s i s  o f  Geo the rma l  W e l l  
C o m p l  e t i o n  

S i n c e  t h e r e  are  many aspects  t o  a g e o t h e r m a l  w e l l  comple- 
t i o n ,  t h e  program t o  r e d u c e  t h e  cost  o f  a g e o t h e r m a l  w e l l  
c o m p l e t i o n  h a s  many d i v e r s e  a v e n u e s  of a p p r o a c h .  The 
p u r s u i t  o f  a l l  o f  t h e  p o s s i b l e  p rograms  is  n o t  t h e  most 
cos t  e f f e c t i v e  r o u t e  t o  f o l l o w .  I n  t h i s  t a s k ,  a l i f e  
c y c l e  cost  a n a l y s i s  o f  a g e o t h e r m a l  w e l l  w i l l  b e  per- 

formed i n  s u f f i c i e n t  d e t a i l  so t h a t  e a c h  aspect o f  t h e  
w e l l  c o m p l e t i o n  may b e  e v a l u a t e d  i n d e p e n d e n t l y .  T h i s  
a n a l y s i s  w i l l  b e  u s e f u l  n o t  o n l y  a s  a management t oo l ,  
b u t  a l so ,  a s  a means o f  m e a s u r i n g  t h e  p r o g r e s s  o f  t h e  
program.  

4 .  L o s t  C i r c u l a t i o n  C o n t r o l  Techno logy  

( a )  O b j e c t i v e .  The o b j e c t i v e  o f  t h i s  p rogram e l e m e n t  is  t o  
d e v e l o p  m a t e r i a l s ,  h a r d w a r e ,  and me thodo logy  which w i l l  r e d u c e  t h e  
cos t  impact o f  l o s t  c i r c u l a t i o n  i n  g e o t h e r m a l  d r i l l i n g  and c o m p l e t i o n ,  
a d d r e s s i n g  b o t h  p r e v e n t i v e  and c o r r e c t i v e  means.  
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( b )  T e c h n i c a l  Approach.  Geothermal  r e s e r v o i r s  a re  t y p i c a l l y  
c h a r a c t e r i z e d  by h i g h - t e m p e r a t u r e ,  h i g h l y  f r a c t u r e d  f o r m a t i o n s .  T h e s e  
cha rac t e r i s t i c s  t e n d  to  make i n e f f e c t i v e  many of t h e  c o n v e n t i o n a l  ( o i l  

and g a s  d r i l l i n g )  l o s t  c i r c u l a t i o n  ma te r i a l s  and t e c h n i q u e s .  

The f irst  g o a l  i n  t h e  p ro j ec t  is  t o  g a i n  a t h o r o u g h  u n d e r s t a n d i n g  
of t h e  l o s t  c i r c u l a t i o n  phenomenon and t h e  c u r r e n t  methods  u s e d  i n  
a t t a c k i n g  t h e  problem. Both a n a l y t i c a l  and e x p e r i m e n t a l  e f f o r t s  w i l l  

be made t o  s o l v e  three g e n e r a l  problems: p r e v e n t i o n  o f  l o s t  c i r c u l a -  
t i o n ,  d e f i n i t i o n  of t h e  l o s s  zone ,  and r e p a r a t i o n  of t h e  zone  t o  
r e e s t a b l i s h  f l u i d  c i r c u l a t i o n .  

The l o s t  c i r c u l a t i o n  program h a s  been  d i v i d e d  i n t o  f o u r  major 
s u b t a s k s  : 

(1) Assessmen t  o f  p rob lem and s o l u t i o n  me thods .  

( 2 )  Development of m a t e r i a l s  and hardware fo r  t h e  

p r e v e n t i o n  of l o s t  c i r c u l a t i o n .  

( 3 )  Development  o f  too ls  f o r  t h e  d e f i n i t i o n / l o c a t i o n  of 
l o s s  z o n e s .  

( 4 )  Development  o f  mater ia ls  and t e c h n i q u e s  f o r  t h e  

r e p a r a t i o n  o f  l o s t  c i r c u l a t i o n  z o n e s .  

( c )  Development  of A c t i v i t i e s  by S u b t a s k .  The l o s t  c i r c u l a -  
t i o n  c o n t r o l  t e c h n o l o g y  m i l e s t o n e  s c h e d u l e s  are shown i n  F i g u r e  8. 

, 

S u b t a s k  1 -- A s s e s s m e n t  o f  Problem and S o l u t i o n  Methods 

T h i s  e f f o r t  w i l 1 , g a t h e r  i n f o r m a t i o n  w h i c h  w i l l  be u s e d  t o  
d i r e c t  t h e  s p l e c i f i c  e f f o r t s  i n v o l v e d  i n  t h e  r e m a i n i n g  
t h ree  s u b t a s k s .  T h i s  background i n f o r m a t i o n  w i l l  
i n c l u d e :  
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COMPLETED AND NEAR TERM MILESTONES 
LOST CIRCULATION CONTROL TECHNOLOGY 

MILESTONE 

SUBTASK 1 - PROBLEM/SOLUTION ASSESSMENT 

Study o f  Problem and E x i s t i n g  So lu t i ons  Completed 

Character ize Geology of Los t  C i r c u l a t i o n  Zones: 

Background Stud ies  Completed 

F i e l d  Experiments Complete 

SUBTASK 2 - LOST CIRCULATION PREVENTION 

Survey of Ex i s t i ng Tec hn i ques Compl e t e  

D e f i n i t i o n  o f  Hardware Necessary f o r  Los t  C i r c u l a t i o n  Prevention 
Comp 1 e t e  

Fabr i ca t i on  and Test  o f  Prevent ion Hardware Complete by the  End 
of FY83 

SUBTASK 3 - LOSS ZONE DEFIN IT ION 

I d e n t i f i c a t i o n  o f  Tools f o r  Def 

Design and Laboratory  Tes t ing  o 
Complete 

F i e l d  Test  o f  Tool f o r  De f in ing  
o f  FY83 

I 
n ing  Loss Zones 

Tool f o r  De f in ing  Loss Zones 

Loss Zone Complete by t h e  End 

SUBTASK 4 - LOST CIRCULATION REPARATIO14 

Design and Fabr i ca t i on  o f  Test F a c i l i t y  f o r  Lost  C i r c u l a t i o n  
M a t e r i a l s  Complete 
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COMPLETED AND NEAR TERM MILESTONES 
LOST CIRCULATION CONTROL TECHNOLOGY (CONTINUED) 

MILESTONE 

SUBTASK 4 - LOST CIRCULATION REPARATION (Continued) 

P re l im ina ry  Tests o f  Los t  C i r c u l a t i o n  Ma te r ia l s  a t  Geothermal 
Condi t ions Complete 

Design and Test of Method f o r  Spanning Vugular Formations Complete 

Design and Test o f  Tool f o r  Placement o f  Los t  C i r c u l a t i o n  
Ma te r ia l s  Complete 

F i e l d  Test o f  Placement Tool and Best Candidate Los t  C i r c u l a t i o n  
Ma te r ia l  Complete by the  End o f  FY83 
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(1) Methods c u r r e n t l y  used  t o  resume c i r c u l a t i o n  when 
a loss zone  is  e n c o u n t e r e d .  

( 2 )  G e o l o g i c a l  cha rac t e r i s t i c s  o f  l o s t  c i r c u l a t i o n  
z o n e s ,  i n c l u d i n g  f r a c t u r e  s i z e ,  t e m p e r a t u r e  and  
p r e s s u r e  of zone ,  and d e p t h  o f  o c c u r r e n c e .  

( 3 )  Methods t h a t  c a n  be used  t o  d e t e r m i n e  t h e  e x t e n t  
and t h e  l o c a t i o n  of loss zones .  

( 4 )  Hardware and t e c h n i q u e s  w h i c h , e i t h e r  p r e v e n t  o r  
c i r c u m v e n t  l o s t  c i r c u l a t i o n .  

( 5 )  An e v a l u a t i o n  of e x i s t i n g  f a c i l i t i e s  for  t e s t i n g  
l o s t  c i r c u l a t i o n  c o n t r o l  ma te r i a l s  and hardware.  

A c t i v i t i e s  i n  s u p p o r t  o f  items (1) and ( 5 )  h a v e  b e e n  
completed. A s u r v e y  of a v a i l a b l e  i n f o r m a t i o n  i n d i c a t e s  
t h a t  a f i e l d  e x p e r i m e n t  w i l l  be r e q u i r e d  t o  complete i t e m  
( 2 ) .  I t e m s  ( 3 )  and ( 4 )  w i l l  be i n i t i a t e d  i n  FY 1981. 

S u b t a s k  2 -- Development  o f  Materials and Hardware  for  
t h e  P r e v e n t i o n  of L o s t  C i r c u l a t i o n  

T h i s  s u b t a s k  i n c l u d e s  t h e  deve lopmen t  o f  m a t e r i a l s  and  
h a r d w a r e  t o  p r e v e n t  o r  c i r c u m v e n t  l o s t  c i r c u l a t i o n .  
Methods s u c h  a s  c o n c e n t r i c  d r i l l  p ipe ,  paras i te  s t r i n g s  
( f o r  f l u i d  a e r a t i o n ) ,  and l o w - d e n s i t y  d r i l l i n g  f l u i d s  
(foam, m i s t ,  a i r )  w i l l  be s t u d i e d  t o  d e t e r m i n e  t h e i r  

economic  b e n e f i t ,  i f  any .  

Whi l e  o n e  o r  more o f  these methods  may p r o v e  t o  be eco- 
n o m i c a l l y  v i a b l e  for  t h e  d r i l l i n g  o p e r a t i o n ,  each m u s t  be 

c o n s i d e r e d  i n  c o n j u n c t i o n  w i t h  t h e  c o m p l e t i o n  o p e r a t i o n .  
L o s t  c i r c u l a t i o n  z o n e s  t h a t  a re  b y p a s s e d  i n  t h e  d r i l l i n g  
o p e r a t i o n  a re  l i k e l y  t o  break down d u r i n g  cemen t ing  and 
lead  t o  c a s i n g  f a i l u r e .  T h i s  s u b t a s k  mus t  t h e r e f o r e  be 
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c o o r d i n a t e d  w i t h  t h e  Comple t ion  Techno logy  p ro jec t .  
Also, t h e  s t u d y  of l o w - d e n s i t y  d r i l l i n g  f l u i d s  w i l l  be 

c o o r d i n a t e d  w i t h  t h e  D r i l l i n g  F l u i d s  Techno logy  pro jec t .  

Spec i f i c  e f f o r t s  t o  be made i n c l u d e :  

(1) An economic e v a l u a t i o n  o f  t h e  s e v e r a l  p r e v e n t i o n  
methods  a n d ,  i f  j u s t i f i e d ,  

( 2 )  F a b r i c a t i o n  o f  hardware f o r  t e s t  and  e v a l u a t i o n .  

More d e t a i l e d  d e f i n i t i o n  of e f f o r t s  w i t h i n  t h i s  s u b t a s k  
must  awai t  t h e  background s t u d i e s  n o t e d  i n  S u b t a s k  1. 

S u b t a s k  3 -- D e f i n i t i o n / L o c a t i o n  of L o s s  Zones 

R e p a i r i n g  a l o s t  c i r c u l a t i o n  zone  would b e  f a c i l i t a t e d  by 
knowledge of t h e  l o c a t i o n  and s i z e  of t h e  zone .  T h i s  

s u b t a s k  is  aimed a t  d e v e l o p i n g  a t oo l  t h a t  c o u l d  be used  
t o  s e c u r e  t h i s  i n f o r m a t i o n .  

S i n c e  a d d i t i o n a l  costs would be i n c u r r e d  i n  u s i n g  s u c h  a 
t o o l ,  t h e  i n f o r m a t i o n  g a i n e d  m u s t  be e c o n o m i c a l l y  j u s t i -  
f i e d .  This j u s t i f i c a t i o n  w i l l  n e c e s s a r i l y  b e  d e p e n d e n t  
on  t h e  me thod  used  t o  r e p a i r  t h e  zone.  F o r  example ,  t h e  
u s e  of a m e c h a n i c a l  patch r e q u i r e s  spec i f ic  s i z e  and 
l o c a t i o n  d a t a ,  w h i l e  a p l u g g i n g  ma te r i a l  may r e q u i r e  o n l y  
a p p r o x i m a t e  zone  d e f i n i t i o n .  

S p e c i f i c  e f f o r t s  w i t h i n  t h i s  s u b t a s k  w i l l  i n c l u d e :  

(1) D e f i n i t i o n  o f  a too l  or method to  map t h e  l o s s  
zone .  

( 2 )  Economic e v a l u a t i o n  of t h e  tool /method i n  c o n j u n c -  
t i o n  w i t h  v a r i o u s  r e p a i r  t e c h n i q u e s .  
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( 3 )  If j u s t i f i e d ,  f a b r i c a t i o n  of hardware  for  t e s t  and  
e v a l u a t i o n .  

S u b t a s k  4 -- Development  of Mater ia ls  and  T e c h n i q u e s  
f o r  Repair o f  L o s t  C i r c u l a t i o n  Zones 

T h i s  s u b t a s k  is  t h e  major e l e m e n t  i n  t h e  l o s t  c i r c u l a t i o n  
program. 
t o  be domina ted  by t w o  t y p e s  of f o r m a t i o n s :  f r a c t u r e d  
and v u g u l a r .  
p l u g g i n g  mater ia l ,  whereas v u g u l a r  f o r m a t i o n s  w i l l  l i k e l y  
r e q u i r e  some s o r t  o f  m e c h a n i c a l  patch.  

aimed a t  d e v e l o p i n g  both  o f  these r e p a i r  t e c h n i q u e s .  

Geothermal l o s t  c i r c u l a t i o n  z o n e s  are t h o u g h t  

F r a c t u r e d  f o r m a t i o n s  may b e  repaired b y  a 

T h i s  s u b t a s k  i s  

Spec i f i c  e f f o r t s  t o  be p u r s u e d  u n d e r  t h i s  s u b t a s k  are:  

Development of test facilities which simulate the 

f r a c t u r e d ,  l o s t  c i r c u l a t i o n  z o n e s  i n  g e o t h e r m a l  
wells. 

L a b o r a t o r y  t e s t i n g  aimed a t  d e v e l o p i n g  f r a c t u r e  
p l u g g i n g  m a t e r i a l s .  

Development  of a downhole too l  for  p l a c i n g  t h e  

p l u g g i n g  mater ia l s .  

Development  and t e s t i n g  o f  a method f o r  p a t c h i n g  
v u g u l a r  loss z o n e s .  

Development  of b o t h  t h e  p l u g g i n g  mater ia l  and t h e  patch- 

i n g  method w i l l  i n v o l v e  s c r e e n i n g  t e s t s ,  v e r i f i c a t i o n  
t e s t s  a n d ,  f i n a l l y ,  f i e l d  tes ts .  I n  a d d i t i o n  t o  t h e  
e x p e r i m e n t a l  e f f o r t s ,  a n a l y t i c a l  s u p p o r t  w i l l  be u s e d  t o  
g u i d e  t h e  deve lopmen t  w i t h i n  t h i s  s u b t a s k .  
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5. Advanced S v s t e m s  Development  

( a )  O b j e c t i v e .  Achievement  o f  t h e  5 0 - p e r c e n t  cos t  r e d u c t i o n  
g o a l  w i l l  r e q u i r e  t h e  d e v e l o p m e n t  of a d r i l l i n g  s y s t e m  c a p a b l e  of 
e x t r e m e l y  h i g h  r a t e s  o f  p e n e t r a t i o n .  I t  is  u n l i k e l y  t h a t  t h e  r e q u i r e d  
r a t e s  c a n  b e  a c h i e v e d  b y  i n c r e m e n t a l  improvements  i n  c o n v e n t i o n a l  
r o t a r y  t e c h n o l o g y .  The o b j e c t i v e  o f  t h i s  p ro j ec t  i s  t o  e v a l u a t e  can-  
d i d a t e  advanced  d r i l l i n g  s y s t e m s  and  t o  d e v e l o p  o n e  o r  more of these  

s y s t e m s .  T h i s  o b j e c t i v e  w i l l  b e  m e t  by e x a m i n i n g  f u n d a m e n t a l  perfor- 
mance cha rac t e r i s t i c s  of c a n d i d a t e  s y s t e m s  and  by  t e s t i n g  componen t s  
of t h e s e  s y s t e m s .  

( b )  T e c h n i c a l  Approach .  The th ree  l e a d i n g  c a n d i d a t e s  f o r  ad- 

v a n c e d  d r i l l i n g  s y s t e m s  are  water- je t  d r i l l i n g ,  p e r c u s s i o n  d r i l l i n g ,  
and downhole d r i l l i n g  motlors, e i t he r  t u r b i n e  o r  p o s i t i v e  d i s p l a c e m e n t .  
To choose among them, i t  is n e c e s s a r y  t o  es t imate  t h e  d r i l l i n g  p e r f o r -  
mance of each s y s t e m  as w e l l  a s  t h e  cost t o  d e v e l o p  and operate it. 

P e r f o r m a n c e  es t imates  w i l l  be compiled f rom l a b o r a t o r y  and f i e l d  tes ts  
o f  p r e s e n t l y  a v a i l a b l e  h a r d w a r e ,  l a b o r a t o r y  and f i e l d  tes ts  o f  proto- 
t y p e  advanced  componen t s ,  and e x t r a p o l a t i o n s  from s u p p o r t i n g  t e c h n o l -  
o g y  research i n  s u c h  areas a s  rock m e c h a n i c s ,  b i t  h y d r a u l i c s ,  and  
ma te r i a l  deve lopmen t .  Economic a n a l y s i s  o f  each s y s t e m  w i l l  be close- 
l y  t i e d  to  t h e  w e l l  cost model d e v e l o p e d  as p a r t  of t h e  S u p p o r t i n g  
Techno logy  project.  Once t h e  e v a l u a t i o n s  a r e  complete on  these t h r e e  
s y s t e m s ,  and any  o ther  p r o m i s i n g  c a n d i d a t e s ,  o n e  o r  m o r e  s y s t e m s  w i l l  

b e  s e l e c t e d  t o  b e  d e v e l o p e d ,  f i e l d  t e s t e d ,  and t r a n s f e r r e d  t o  i n d u s t r y .  

( c )  R e s e a r c h  A c t i v i t y  by S u b t a s k .  T h i s  t a s k  h a s  been  d i v i d e d  
i n t o  s e v e n  s u b t a s k s  a s  follows: 

(1) 
s y s t e m s .  

( 3 )  

E v a l u a t i o n  of h i g h - p r e s s u r e  f l u i d  j e t  d r i l l i n g  

E v a l u a t i o n  o f  p e r c u s s i o n  d r i l l i n g  s y s t e m s .  

E v a l u a t i o n  o f  h i g h - s p e e d  downhole  motors and  b i t s .  
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1 4 )  Development  of u n c o n v e n t i o n a l  d r i l l  s t r i n g  and 
s u r f a c e  e q u i p m e n t .  

I 6 0  

( 5 )  Development  of improved d i r e c t i o n a l  d r i l l i n g  

e q u i p m e n t .  

( 6 )  E v a l u a t i o n  of a l t e r n a t i v e  s y s t e m s .  

( 7 )  Development  o f  advanced  d r i l l i n g  s y s t e m s .  

The advanced  d r i l l i n g  s y s t e m s  s u b t a s k  m i l e s t o n e  s c h e d u l e s  a re  
shown i n  F i g u r e  9 ,  and t h e  a c t i v i t i e s  i n  each s u b t a s k  a r e  desc r ibed  

below. 

S u b t a s k  1 -- E v a l u a t i o n  o f  H i g h - p r e s s u r e  F l u i d  J e t  
D r i l l i n g  S y s t e m s  

Use o f  h i g h - p r e s s u r e  f l u i d  j e t s ,  e i t h e r  a l o n e  o r  a s  
a u g m e n t a t i o n  f o r  c o n v e n t i o n a l  d r i l l i n g ,  w i l l  b e  i n v e s t i -  
g a t e d .  
j e t  d r i l l i n g  s y s t e m s  w i l l  allow c o m p a r i s o n  of cost  effec-  

t i v e n e s s  and w i l l  i d e n t i f y  s y s t e m  e l e m e n t s  r e q u i r i n g  
c o n c e n t r a t e d  d e v e l o p m e n t .  Once t e c h n i c a l  and economic  
f e a s i b i l i t y  a r e  e s t a b l i s h e d ,  p r o t o t y p e  components  c a n  be 

d e s i g n e d  and tes ted  t o  v e r i f y  p red ic t ed  p e r f o r m a n c e .  

C o l l e c t i o n  and o r g a n i z a t i o n  of d a t a  o n  e x i s t i n g  

N o z z l e  d e s i g n  w i l l  r e c e i v e  spec ia l  a t t e n t i o n  b e c a u s e  i t  
i s  c r i t i c a l  i n  d e t e r m i n i n g  s y s t e m  p e r f o r m a n c e  and b e c a u s e  
n o z z l e s  o p e r a t i n g  a t  reduced  pressure o f f e r  t h e  possi-  
b i l i t y  of a u g m e n t i n g  c o n v e n t i o n a l  r o t a r y  d r i l l i n g  w i t h  no  
o ther  equ ipmen t  c h a n g e s .  C a v i t a t i n g  n o z z l e s  w i l l  b e  
d e s i g n e d  and tes ted  i n  t h e  l a b o r a t o r y ;  i f  s u c c e s s f u l ,  
t h e y  w i l l  be  i n c o r p o r a t e d  i n t o  c o n v e n t i o n a l  r o t a r y  b i t s  

and tes ted  i n  c o m p a r i s o n  w i t h  t h e  same b i t s  and conven-  
t i o n a l  je ts .  



COMPLETED AND NEAR TERM MILESTONES 
ADVANCED DRILLING SYSTEMS 

Q 

MILESTONE 

SUBTASK 1 - H I G H  PRESSURE JET DRILLING FLUID SYSTEMS 

Study o f  t h e  P o t e n t i a l  o f  Cav i ta t ing  J e t s  Completed i n  FY79 

Opt imiza t ion  o f  Standard Cavi j e t T M  Nozzle Complete 

O p t i m i z a t i o n  o f  Advanced Cavi j e t T M  Nozzle Complete 

La bora toi-y T- i e > t i t i g  - o f  f i r s t  Pi-ototype Pi.i:~atiiig Noii le  Coiiip1et.e 

Optimi z a t i o n  o f  Pul s a t i n g  Nozzle Complete 

Compi la t ion o f  Data and Charac ter iza t ion  o f  High Pressure Eros ion 
D r i l l i n g  Systems Complete 

SUBTASK 2 - DEVELOPMENT OF PERCUSSION DRILLING SYSTEM 

T e s t i n g  of Percussion Hammers t o  I d e n t i f y  High Temperature F a i l u r e  
Modes Completed 

Laboratory  Tes t ing  o f  F i r s t  Prototype, High-Temperature, A i r  Hamme 
Sys tem Compl e t e  

B i t  Design Change Requirements Complete 

Mud Hammer Design Requirements Complete 

F i e l d  Test  of F i r s t  Prototype A i r  Hammer Complete 
SUBTASK 3 - HIGH-SPEED DOWNHOLE MOTORS AND BITS 

Design and F a b r i c a t i o n  o f  Prototype Bear ing and Seal Package w i t h  
200-Hour L i f e  a t  a C i r c u l a t i n g  Temperature o f  125°C Complete 

T e s t i n g  o f  Candidate Seals Complete 

F Y  1980 
I 

4 
I 

I 

I1981 
I 

4 
I 

V 

V 

V 
I 

FY ' 

F i g u r e  9 .  Advanced D r i l l i n g  Sys t ems  M i l e s t o n e s  
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COMPLETED AND NEAR TERM MILESTONES 
ADVANCED DRILLING SYSTEMS (CONTINUED) 

MILESTONE 

SUBTASK 3 - HIGH-SPEED DOWNHOLE MOTORS AND B ITS (Continued) 

Laboratory  Tes t ing  o f  F i r s t  Pro to type High-speed B i t s  Complete 

Laboratory  Tes t ing  o f  Second Prototype High-speed B i t s  Complete 

SUBTASK 4 - DEVELOPMENT OF UNCONVENTIONAL DRILL STRING AND SURFACE 
EQUIPMENT 

Tes t ing  o f  Candidate High-Temperature Polymers w i t h  a F l e x i b l e  
Pipe System a t  High Temperature and Pressure Complete 

Two Conceptual Designs o f  a High-pressure, Geothermal F lu id -Je t  
D r i l l i n g  System Complete 

SUBTASK 5 - DIRECTIONAL DRILLING HARDWARE 

F i r s t  P roo f -o f -P r inc ip le  Test f o r  We1 1 bore I n e r t i a l  Navigat ion 
System Complete 

F i e l d  Test  o f  F i r s t  Prototype o f  I n e r t i a l  Nav iga t ion  System 
Complete 

Development o f  Equipment fo r  K ick ing-o f f  i n  Hard Rock I n i t i a t e d  

SUBTASK 6 - EVALUATION OF ALTERNATIVE SYSTEMS 

Cost and Penet ra t ion  Rate Data f o r  Various Systems Complete 

I n i t i a t e  Trade-o f f  Studies 
SUBTASK 7 - DEVELOPMENT OF ADVANCED DRILLING SYSTEMS 

S t a r t  i n  FY85 

FY 1980 
I 

1 
I 

I 

I 

4 
I 

I 

F Y  1981 
I 

1 
I 

I 

2 
I 

7 

I 

I 

3 
I 

I 

FY 1982 
I 

4 
I 

V 

V 

V 

I 
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Research and d e v e l o p m e n t  a c t i v i t i e s  w i l l  be d i r ec t ed  

toward  p r o v i d i n g  i n f o r m a t i o n  f o r  making  a d e c i s i o n  re- 
g a r d i n g  t h e  d e v e l o p m e n t  o f  a p r o t o t y p e  j e t  d r i l l i n g  
s y s t e m .  

S u b t a s k  2 --I E v a l u a t i o n  o f  P e r c u s s i o n  D r i l l i n g  S y s t e m s  

S i n c e  p e r c u s s i o n  d r i l l i n g  does n o t  r e p r e s e n t  a r a d i c a l  

d e p a r t u r e  f rom c o n v e n t i o n a l  d r i l l i n g  p rac t ice ,  t h e  e v a l u -  
a t i o n  o f  p e r c u s s i o n  d r i l l i n g  w i l l  f o c u s  on  t h e  v e r i f i c a -  
t i o n  of hammer o p e r a t i o n  a t  h i g h  temperature, t h e  quan-  
t i f i c a t i o n  o f  t h e  economic  b e n e f i t s  o f  p e r c u s s i o n  s y s t e m  
o p e r a t i o n ,  and t h e  e s t i m a t i o n  of t h e  g e o t h e r m a l  resource 
appropriate  fo r  hammer u s e .  Commerc ia l ly  a v a i l a b l e ,  a i r -  

powered p e r c u s s i o n  hammers w i l l  be mod i f i ed  f o r  and 
tes ted  a t  h i g h  t e m p e r a t u r e .  P r o t o t y p e  l iqu id-powered  
hammers w i l l  be i n v e s t i g a t e d  for  h igh -  temperature u s e  
a n d ,  i f  n e c e s s a r y ,  w i l l  be modif ied and tes ted.  S o l i d  

head  b i t s  f o r  hammers w i l l  be  redesigned t o  improve 

t h e i r  g a g e  m a i n t e n a n c e .  These h a r d w a r e - o r i e n t e d  a c t i v i -  
t i e s ,  which  p r o v i d e  a m e a s u r e  of p e r f o r m a n c e  improvement ,  
w i l l  b e  complemented b y  a n  economic  a n a l y s i s  and a s u r v e y  
t o  estimate how much p o t e n t i a l  g e o t h e r m a l  d r i l l i n g  c o u l d  
be done  u s i n g  t h e  p e r c u s s i o n  t e c h n i q u e .  Us ing  these  

i n p u t s ,  i t  w i l l  t h e n  b e  p o s s i b l e  t o  e s t a b l i s h  w h e t h e r  t h e  

a d v a n t a g e s  o f  p e r c u s s i o n  d r i l l i n g  c a n  be r e a l i z e d  a t  
r e a s o n a b l e  cos t .  

S u b t a s k  3 -- E v a l u a t i o n  of High-speed  Downhole Motors 
and B i t s  

The u s e  of downhole  d r i l l i n g  motors o p e r a t i n g  a t  h i g h  
r o t a r y  speeds h a s  t h e  p o t e n t i a l  f o r  g r e a t l y  i n c r e a s i n g  
p e n e t r a t i o n  ra tes .  P o s i t i v e  d i s p l a c e m e n t  motors a re  
c u r r e n t l y  u s e d  e x t e n s i v e l y  i n  o i l  and  gas  d r i l l i n g .  
U n f o r t u n a t e l y ,  t h e y  u s e  elastomeric mater ia ls  for  bo th  

t h e  motor s t a t o r  and t h e  sea l  i n  t h e  b e a r i n g  p a c k a g e .  
These motors are  u n s u i t a b l e  f o r  u s e  i n  h i g h - t e m p e r a t u r e  
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a p p l i c a t i o n s  b e c a u s e  o f  t h e  f a i l u r e  of t h e  elastomeric 
mater ia l s .  T u r b o d r i l l s ,  o n  t h e  o t h e r  hand ,  u t i l i z e  
b l a d e s  t h a t  are c a p a b l e  o f  w i t h s t a n d i n g  h i g h  tempera- 
t u r e s ,  b u t  t h e y  s t i l l  e n c o u n t e r  t h e  p rob lems  a s s o c i a t e d  
w i t h  s e a l e d  b e a r i n g s  used  a t  h i g h  t e m p e r a t u r e .  I n  a d d i -  
t i o n ,  t u r b o d r i l l s  t y p i c a l l y  operate  a t  r o t a r y  s p e e d s  t h a t  
a r e  too h i g h  t o  b e  c o m p a t i b l e  w i t h  c o n v e n t i o n a l  b i t s .  
N e v e r t h e l e s s ,  a d e t e r m i n a t i o n  h a s  b e e n  made4 t h a t  t u r b o -  
d r i l l s  have  a h i g h  p o t e n t i a l  f o r  u s e  i n  g e o t h e r m a l  
a p p l i c a t i o n s ;  t h e r e f o r e ,  t h e  o b j e c t i v e  of t h i s  s u b t a s k  i s  

t o  e v a l u a t e  t h e  u s e  of t u r b o d r i l l s  i n  t h e  g e o t h e r m a l  
e n v i r o n m e n t .  

The f i r s t  p h a s e  o f  t h i s  e v a l u a t i o n  i n v o l v e s  t h e  t e s t i n g  
o f  s ea l s ,  l u b r i c a n t s ,  and  b e a r i n g s  t o  d e t e r m i n e  t h e  
e x p e c t e d  b e a r i n g  l i f e t i m e  u n d e r  s i m u l a t e d  downhole cond i -  
t i o n s .  A s e a l  t es te r ,  a l u b r i c a n t  t e s t e r ,  and a b e a r i n g  
and  sea l  package  t e s t e r  have  been  f a b r i c a t e d  a t  t h e  
D r i l l i n g  R e s e a r c h  L a b o r a t o r y .  These  t e s t e r s  s i m u l a t e  
downhole  c o n d i t i o n s .  Most e x i s t i n g  s e a l s  and l u b r i c a n t s  
h a v e  been  t e s t e d  and  found  t o  b e  i n a d e q u a t e .  The c r i t i -  
ca l  e l e m e n t  t h a t  must  be d e v e l o p e d  is ,  t h e r e f o r e ,  a 

b e a r i n g / s e a l  p a c k a g e  capable o f  o p e r a t i n g  a t  t h e  r e q u i r e d  
t e m p e r a t u r e s .  The f e a s i b i l i t y  o f  d e v e l o p i n g  t h e  r e q u i r e d  
components  mus t  f i r s t  b e  a s s e s s e d  b e f o r e  s y s t e m  assess- 
men t s  c a n  b e  r e l i a b l y  p e r f o r m e d .  N e w  s ea l s  and l u b r i -  
c a n t s  w i l l  b e  d e v e l o p e d  and  u n s e a l e d  b e a r i n g  p a c k a g e s  
w i l l  be  f a b r i c a t e d  and t e s t e d  w i t h  a g o a l  o f  a c h i e v i n g  a 
200-hour o p e r a t i n g  l i f e t i m e  a t  a c i r c u l a t i n g  t e m p e r a t u r e  
of 125OC (257OF) .  

The second  p h a s e  of t h e  e v a l u a t i o n  i n v o l v e s  t h e  f a b r i c a -  
t i o n ,  t e s t i n g ,  and f u r t h e r  deve lopmen t  o f  b i t s  c a p a b l e  o f  
o p e r a t i n g  a t  h i g h  r o t a r y  speeds. PDC b i t s  appear t o  b e  
s u i t e d  f o r  t h i s  a p p l i c a t i o n  and w i l l  b e  t h e  f i r s t  b i t  
t y p e s  e v a l u a t e d  u n d e r  t h i s  program.  



To complete t h i s  e v a l u a t i o n  o f  downhole motors, i t  w i l l  
b e  n e c e s s a r y  t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  d e v e l o p i n g  a 
motor t h a t  c o u l d  be powered by a l o w - d e n s i t y ,  compressi- 
b l e  f l u i d  s u c h  a s  a i r  o r  foam b e c a u s e  many g e o t h e r m a l  
r e s e r v o i r s  are  d r i l l e d  w i t h  s u c h  f l u i d s .  

C o m p l e t i o n  o f  t h e s e  component  e v a l u a t i o n s  w i l l  p r o v i d e  
t h e  b a s i s  f o r  making d e c i s i o n s  r e g a r d i n g  f u l l - s c a l e  
s y s t e m  d e v e l o p m e n t .  

S u b t a s k  4 -- Development  o f  U n c o n v e n t i o n a l  D r i l l  S t r i n g  
and Downhole Equipment  

T r i p p i n g  and c o n n e c t i o n  times a s s o c i a t e d  w i t h  conven-  
t i o n a l  r o t a r y  d r i l l i n g  h a v e  been  i d e n t i f i e d  a s  major 
c o n t r i b u t o r s  t o  o v e r a l l  d r i l l i n g  costs .  C o n t i n u o u s ,  
f l e x i b l e  d r i l l  pipe c a n  b e  reeled i n t o  and o u t  of a ho le  

and c a n  g r e a t l y  s i m p l i f y  t h e  t r i p p i n g  process. Develop-  
men t  of a f l e x p i p e  s y s t e m  f o r  o i l  and g a s  d r i l l i n g  h a s  

b e e n  u n d e r  way f o r  some t i m e  i n  E u r o p e ,  b u t  has n o t  b e e n  
tes ted  a t  g e o t h e r m a l  t e m p e r a t u r e s .  S h o r t  s e c t i o n s  o f  
f l e x p i p e  w i t h  c o u p l i n g s  w i l l  be p r e s s u r i z e d  and f l e x e d  a t  
h i g h  t e m p e r a t u r e  t o  i d e n t i f y  a n y  new f a i l u r e  modes. The 

a p p l i c a t i o n  o f  new elastomers may b e  r e q u i r e d  t o  u p g r a d e  
t h e  p ipe  t o  h i g h e r  t e m p e r a t u r e .  The f e a s i b i l i t y  of 
d e v e l o p i n g  a h i g h - t e m p e r a t u r e ,  f l e x i b l e  pipe s y s t e m  w i l l  
be assessed. 

An a s s e s s m e n t  o f  t h e  f e a s i b i l i t y  o f  d e v e l o p i n g  a downhole  
p r e s s u r e  i n t e n s i f i e r ,  wh ich  may be n e c e s s a r y  for  t h e  

proper p e r f o r m a n c e  of j e t  d r i l l i n g  n o z z l e s  and f o r  opera- 
t i o n  o f  some t y p e s  o f  downhole  r o t a r y  motors, w i l l  b e  
p e r f o r m e d .  Such a n  i n t e n s i f i e r  c o u l d  a lso assist t h e  

water- je t  d e s c a l i n g  project .  T h i s  s y s t e m ,  i f  d e v e l o p e d ,  
would r e d u c e  t h e  need  for  h i g h - p r e s s u r e  pumps and s w i v e l s  
on  t h e  r i g .  Development  w i l l  f o l l o w  t h e  a s s e s s m e n t ,  i f  
appropr ia te .  
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S u b t a s k  5 -- Development  o f  Improved D i r e c t i o n a l  D r i l l i n g  
Equipment  

D i r e c t i o n a l  d r i l l i n g  i n  g e o t h e r m a l  wel l s  is  c u r r e n t l y  
d i f f i c u l t  b e c a u s e  o f  t h e  d e s t r u c t i v e  i n f l u e n c e s  o f  h i g h  
t e m p e r a t u r e  o n  downhole motors, b e a r i n g s  and s ea l s ,  
downhole tools ,  and s u r v e y i n g  i n s t r u m e n t s .  S p e c i f i c a l l y ,  

t h e  need f o r  a h i g h - a c c u r a c y  s u r v e y  tool  h a s  been  i d e n t i -  
f i e d ,  and work h a s  b e e n  i n i t i a t e d  t o  adapt  a n  i n e r t i a l  
n a v i g a t i o n  system to  a geomet ry  t h a t  i s  compatible w i t h  
t h e  b o r e h o l e  d i m e n s i o n s .  The t oo l  is  e x p e c t e d  t o  operate  
o n l y  a t  l o w  t e m p e r a t u r e s ,  1 0 0 ° C  (212OF) ,  a t  f i r s t ,  b u t  i f  
s u c c e s s f u l  t e s t i n g  i s  accomplished, a p r o t o t y p e  capable 
o f  o p e r a t i n g  a t  h i g h  t e m p e r a t u r e s  w i l l  be d e v e l o p e d .  

I n  a d d i t i o n ,  new t e c h n i q u e s  for  k i c k i n g - o f f  a w e l l  i n  
h o t ,  h a r d  f o r m a t i o n s  a re  needed .  Development  o f  t h e s e  
new t e c h n i q u e s  w i l l  be i n i t i a t e d  i n  F Y  1 9 8 2 .  

S u b t a s k  6 -- E v a l u a t i o n  of A l t e r n a t i v e  S y s t e m s  

Near-term a c t i v i t y  i n  t h i s  s u b t a s k  w i l l  i n t e g r a t e  t e s t  
and  s t u d y  r e s u l t s  i n t o  a s y s t e m s  a n a l y s i s  model. By 
u s i n g  t h e  same model  t o  e v a l u a t e  a l l  d r i l l i n g  s y s t e m s ,  
a d d i t i o n a l  da ta  r e q u i r e m e n t s  c a n  be i d e n t i f i e d  and new 
t a s k s  c a n  be s t a r t e d .  T h i s  e v a l u a t i o n  w i l l  a c c o u n t  f o r  

b o t h  t h e  t e c h n i c a l  r i s k  associated w i t h  hardware d e v e l -  
opment  and  t h e  economic  b e n e f i t  t o  b e  d e r i v e d  f rom s u c h  
s y s t e m s .  

S u b t a s k  7 -- Development  o f  Advanced D r i l l i n g  S y s t e m s  

F o l l o w i n g  t h e  c o m p l e t i o n  of s u b t a s k s  1 t h r o u g h  6 ,  a d e c i -  
s i o n  w i l l  be made to  d e v e l o p  o n e  o r  more o f  t h e  advanced  
d r i l l i n g  s y s t e m s  i n t o  t h e  p r o t o t y p e  s t a g e  for  f i e l d  3 

t e s t i n g .  



6. S u p p o r t i n g  Techno logy  

( a )  O b j e c t i v e .  The o b j e c t i v e  o f  t h e  S u p p o r t i n g  Techno logy  
projects  i s  t o  p r o v i d e  t h e  n e c e s s a r y  a n a l y t i c a l  and e x p e r i m e n t a l  
s u p p o r t  f o r  t h e  d r i l l i n g  and c o m p l e t i o n  ha rdware  deve lopmen t  p rograms .  
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( b )  T e c h n i c a l  Approach.  A n a l y t i c a l  and  e x p e r i m e n t a l  tech- 
n i q u e s  r e q u i r e d  to  s u p p o r t  t h e  deve lopmen t  of improved t e c h n o l o g y  w i l l  
be d e f i n e d  b y  t h e  r e s p e c t i v e  t e c h n o l o g y  p rograms  and i n i t i a t e d  o n  a n  
as -needed  bas i s .  

( c )  Research A c t i v i t i e s  by S u b t a s k .  The  S u p p o r t i n g  Technol -  
ogy  program e l e m e n t  is  c u r r e n t l y  d i v i d e d  i n t o  s i x  s u b t a s k s .  T h e s e  

are : 

(1) W e l l b o r e  thermal  model 

( 2 )  Sys tems  a n a l y s i s  

( 3 )  D r i l l  pipe c o r r o s i o n  s t u d i e s  

( 4 )  D r i l l  b i t  h y d r a u l i c s  

( 5 )  R o c k / c u t t e r  i n t e r a c t i o n  s t u d i e s  

( 6 )  D r i l l  s t r i n g  dynamics  s t u d i e s  

The S u p p o r t i n g  Techno logy  s u b t a s k  m i l e s t o n e  s c h e d u l e s  a re  shown i n  
F i g u r e  1 0 .  

S u b t a s k  1 -- W e l l b o r e  T h e r m a l  Model 

The o b j e c t i v e  o f  t h i s  s u b t a s k  is  t o  d e v e l o p  t h e  capabi l -  
i t y  f o r  c a l c u l a t i n g  t h e  t e m p e r a t u r e  of w e l l b o r e  f l u i d s  
d u r i n g  d r i l l i n g ,  c e m e n t i n g ,  p r o d u c t i o n ,  and i n j e c t i o n  
o p e r a t i o n s .  T h i s  p r e d i c t i v e  c a p a b i l i t y  is  needed  t o  
allow proper f o r m u l a t i o n  of d r i l l i n g  f l u i d s  and c e m e n t s  

67  



COMPLETED AND NEAR TERM MILESTONES 
SUPPORTING TECHNOLOGY 

MILESTONE 

SUBTASK 1 - WELLBORE THERMAL MODEL 

Single Phase Flow Model Completed in FY79 

GEOTEMP Available and Used Successfully by Industry 

Variable Cross-Section and We1 1 bore Deviation Options Completed 

Compressible Flow Model Complete 

SUBTASK 2 - SYSTEMS ANALYSIS 

Well-Cost Model Completed 

Generic Well Described and Well Troubles Quantified 

Survey of Future Dri 11 ing Requirements Complete 

In i t ia l  Assessment of Program Elements as t o  The 
Toward Program Goals Complete 

Updated Assessment o f  Progress Toward Goals Comp 

SUBTASK 3 - D R I L L  P IPE  CORROSION STUDIES 

r Progress 

e te  

Formulation and Fabrication of New Corrosion-Resistant Steel 
Completed . 
Fatigue Testing of Steel and Transfer of Information t o  Industry 
Comp 1 e t e  

F Y  1 
I 

1 
I 

I 

Figure 10. Supporting Technology Milestones 



e 
COMPLETED AND NEAR TERM MILESTONES 

SUPPORTING TECHNOLOGY (COMTINUED) 

MILESTONE I 
SUBTASK 4 - DRILL BIT HYDRAULICS 

Fabr ica t ion  o f  B i t  Hydraulics Test F a c i l i t y  Completed 

Prel iminary Hydraulic Studies  o f  PDC Bits Complete 

SUBTASK 5 - ROCK/CUTTER INTERACTION 

Numerical Model o f  Forces on Drag Cutter and Frac tures  i n  Rock 
Completed 

Drag Cutter Heat Transfer  Model Completed 

Experimental Measurements o f  Drag Cutter Forces and Temperatures 
Complete 

SUBTASK 6 - DRILL STRING DYNAMICS STUDIES 

F e a s i b i l i t y  Study and Formulation o f  the Bit-Formation In t e rac t ion  
Problem Complete 

Solu t ion  o f  both the  Dr i l l  S t r ing  and the Downhole Assembly 
Equations Complete 

FY 1980 

Figure 10 (Continued). Supporting Technology Milestones 

I 
1 
I 

I 

’ 1981 
I 

2 
I 

V 

F Y  1982 
I 

3 
I 
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i n  g e o t h e r m a l  o p e r a t i o n s .  I n  a d d i t i o n ,  t h e  i n f o r m a t i o n  
is  u s e f u l  i n  p r e d i c t i n g  i n j e c t i o n  w e l l  p e r f o r m a n c e  and i n  
d e t e r m i n i n g  t e m p e r a t u r e  p ro f i l e s  i n  p r o d u c i n g  w e l l s .  A 

s i n g l e - p h a s e ,  h e a t - t r a n s f e r ,  wellbore f l u i d  f l o w  code, 
GEOTEMP, h a s  been  d e v e l o p e d ,  v e r i f i e d ,  and commercial- 
i z e d .  T e m p e r a t u r e s  a re  computed as  a f u n c t i o n  o f  t i m e  i n  
a f l o w i n g  stream, b o t h  i n  t h e  wellbore and i n  t h e  s u r -  
r o u n d i n g  medium. F u r t h e r  a c t i v i t i e s  w i l l  i n c l u d e  modif  i- 
c a t i o n  of t h i s  code t o  i n c l u d e  t h e  f o l l o w i n g  e l e m e n t s :  

(1) The a b i l i t y  t o  a n a l y z e  wellbores h a v i n g  v a r i a b l e  
c r o s s - s e c t i o n a l  geomet ry  and hole  d e v i a t i o n .  

( 2 )  The a b i l i t y  t o  a n a l y z e  s i n g l e -  and mul t i - componen t ,  
compressible f l o w  and two-phase f l o w  i n  t h e  

wellbore. 

S u b t a s k  2 -- Systems A n a l y s i s  

The o b j e c t i v e s  of t h i s  s u b t a s k  a r e  as  f o l l o w s :  

(1) To e v a l u a t e  t h e  p r o g r e s s  of t h e  Geo the rma l  D r i l l -  

i n g  and Comple t ion  Technology Development Program 
toward a c h i e v i n g  i t s  s t a t e d  cost  r e d u c t i o n  g o a l s .  

( 2 )  To  d e f i n e  t h e  cos ts  of v a r i o u s  d r i l l i n g  o p e r a t i o n s  
as f u n c t i o n s  o f  w e l l  s i z e  and d e p t h ,  c a s i n g  s i z e ,  
and cemen t  t y p e .  

( 3 )  To i d e n t i f y  g e n e r a l  c a t e g o r i e s  of g e o t h e r m a l  w e l l s  

t h a t  w i l l  b e  d r i l l e d  i n  t h e  f o r e s e e a b l e  f u t u r e  and  
t o  c o n s t r u c t  w e l l  p l a n s  for  a t y p i c a l  w e l l  i n  e a c h  
c a t e g o r y .  

( 4 )  To i d e n t i f y  t e c h n o l o g y  deve lopmen t  areas t h a t  h a v e  
t h e  h i g h e s t  impact on  w e l l  cost  t h r o u g h  c o s t / b e n e -  
f i t  a n a l y s e s  so t h a t  s e l e c t i o n  of deve lopmen t  
p rograms  i s  c lose ly  t i e d  t o  program g o a l s .  



A well-cost s i m u l a t i o n  model t h a t  p r o v i d e s  t h e  c a p a b i l i t y  
f o r  a n a l y z i n g  t h e  cos t s  o f  d r i l l i n g  and c o m p l e t i n g  geo-  
t h e r m a l  w e l l s  h a s  been  d e v e l o p e d .  Each o f  t h e  s y s t e m s  
a n a l y s i s  o b j e c t i v e s  w i l l  p r o v i d e  i n f o r m a t i o n  w h i c h  is  

r e q u i r e d  f o r  t h e  well-cost model .  The model  w i l l  be used  
t o  a n a l y z e  and assess cost  r e d u c t i o n s  t h a t  c a n  b e  made 
t h r o u g h  improvements  i n  d r i l l i n g  t e c h n o l o g y  and  t o  e v a l -  
u a t e  t h e  associated costs.  T h e  model a l so  r e q u i r e s  
d e t a i l e d  w e l l  p l a n s  i n  a d d i t i o n  t o  cos t  es t imates  f o r  
d r i l l i n g  o p e r a t i o n s  and equ ipmen t .  The c o u p l i n g  of t h e  

model w i t h  t h e  w e l l  p l a n s  w i l l  allow a n  a s s e s s m e n t  o f  
p r o g r e s s  toward  goa ls  a s  w e l l  a s  a n  i d e n t i f i c a t i o n  o f  
t e c h n o l o g y  deve lopmen t  p ro jec ts .  

S u b t a s k  3 -- D r i l l  P ipe  C o r r o s i o n  S t u d i e s  

D r i l l  pipe c o r r o s i o n  c a n  be  a minor  p r o b l e m ,  o r  a v e r y  
s e r i o u s  o n e ,  d e p e n d i n g  on  t h e  g e o t h e r m a l  e n v i r o n m e n t .  I n  
g e n e r a l ,  a b o u t  7 5  t o  8 5  p e r c e n t  of d r i l l  pipe l o s s  i s  

a t t r i b u t e d  t o  c o r r o s i o n  a n d ,  c u r r e n t l y ,  t h e  p r i m a r y  
e f f o r t  i n  r e d u c i n g  c o r r o s i o n  is t h e  a d d i t i o n  of c o r r o s i o n  
i n h i b i t o r s  t o  t h e  d r i l l i n g  f l u i d .  T h e s e  chemicals a r e  
v e r y  e x p e n s i v e  a n d ,  i n  some l o c a t i o n s ,  comprise a s i g n i f -  
i c a n t  f r a c t i o n  of t h e  d r i l l i n g  cost .  T h i s  s u b t a s k  w i l l  

assess a l t e r n a t i v e  me thods  f o r  r e d u c i n g  c o r r o s i o n  i n  
drill pi-pe. 

The f o l l o w i n g  t a s k s  w i l l  be  p u r s u e d :  

(1) C h a r a c t e r i z e  t h e  c o r r o s i o n  f a t i g u e  s u s c e p t i b i l i t y  
of b o t h  c u r r e n t  and r e c e n t l y  d e v e l o p e d  d r i l l  p ipe 
s tee ls .  

( 2 )  A s s e s s  t h e  r e d u c t i o n  of c o r r o s i o n  of d r i l l  pipe 

s tee ls  t h r o u g h  t h e  u s e  o f  i n e r t  d r i l l i n g  f l u i d s .  
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( 3 )  C h a r a c t e r i z e  t h e  e f f ec t s  o f  i n d i v i d u a l  c o r r o s i v e  
e l e m e n t s  i n  a d d i t i o n  t o  d e f i n i n g  t h e i r  s y n e r g i s t i c  
e f f e c t s .  

( 4 )  E v a l u a t e  t h e  u s e  o f  d u a l - p h a s e  s t e e l  a l l o y s  as  
d r i l l  p ipe ma te r i a l  i n  t h e  g e o t h e r m a l  e n v i r o n m e n t .  

These t a s k s  w i l l  be accomplished t h r o u g h  t h e  u s e  of a 
c o r r o s i o n  f a t i g u e  t e s t  a p p a r a t u s .  Spec imens  o f  t h e  

v a r i o u s  s t ee l s  w i l l  be prepared and s u b j e c t e d  t o  c y c l i c  
l o a d i n g  i n  t h e  p r e s e n c e  of  H 2 S  and g e o t h e r m a l  b r i n e s .  
The g rowth  r a t e  o f  s t r e s s - i n d u c e d  cracks w i l l  be measured  
and compared f o r  each sample. 

S u b t a s k  4 -- D r i l l  B i t  H y d r a u l i c s  S t u d i e s  

The o b j e c t i v e s  of t h i s  s u b t a s k  are t o  p r o v i d e  an  unde r -  

s t a n d i n g  of d r i l l  b i t  h y d r a u l i c s ,  p a r t i c u l a r l y  f o r  poly- 
c r y s t a l l i n e  diamond compact b i t s ,  and t o  o p t i m i z e  t h e  

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

I n  order t o  assess t h e  p e r f o r m a n c e  o f  d i f f e r e n t  h y d r a u l i c  
d e s i g n s ,  t h e  f l o w  f i e l d  across t h e  b i t  face and  i n  t h e  

n e a r - b i t  a n n u l a r  r e g i o n  w i l l  be s t u d i e d  e x p e r i m e n t a l l y .  
A b i t  h y d r a u l i c s  t e s t  f a c i l i t y  h a s  b e e n  b u i l t  which  

d y n a m i c a l l y  s i m u l a t e s  t h e  downhole f l o w  f i e l d  and allows 
v i s u a l  o b s e r v a t i o n  and e l e c t r o n i c  measurement  of t h e  f l o w  

f i e l d  cha rac t e r i s t i c s .  Q u a l i t a t i v e  and q u a n t i t a t i v e  
measu remen t s  of these  c h a r a c t e r i s t i c s  c a n  t h u s  be corre- 
la ted  w i t h  d i f f e r e n t  h y d r a u l i c  d e s i g n s  t o  d e t e r m i n e  
optimum n o z z l e  c o n f i g u r a t i o n s  f o r  each b i t  and  r a n g e  of 
o p e r a t i n g  c o n d i t i o n s .  

I n  a d d i t i o n  t o  f l o w  v i s u a l i z a t i o n  s t u d i e s ,  c o n v e c t i v e  
hea t  t r a n s f e r  c o e f f i c i e n t s  on  t h e  c u t t e r  s u r f a c e s  c a n  be 

measu red ,  as w e l l  as t h e  p r e s s u r e  d i s t r i b u t i o n  on  t h e  

bo t tom o f  t h e  hole .  
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The r e s u l t s  of t h e  e x p e r i m e n t s  w i l l  be a p e r f o r m a n c e  
r a n k i n g  of each h y d r a u l i c  d e s i g n  for  each p a r t i c u l a r  
t e s t .  S i n c e  t h e  d e s i g n  selected for  downhole o p e r a t i o n  
must  p e r f o r m  a l l  o f  t h e  r e q u i r e d  f u n c t i o n s  w e l l ,  t h e  
r e s u l t s  must  be f u r t h e r  a n a l y z e d  i n  order  t o  s e l ec t  t h e  

optimum c o n f i g u r a t i o n .  I t  i s  q u i t e  l i k e l y  t h a t  d i f f e r e n t  
t e s t s  w i l l  r a te  t h e  h y d r a u l i c  d e s i g n s  d i f f e r e n t l y .  I n  
t h a t  case,  t h e  c h a r a c t e r i s t i c s  o f  t h e  s u p e r i o r  d e s i g n s  
f o r  each t e s t  must  be i d e n t i f i e d  and a compromise reached 

among compe t ing  f a c t o r s .  Such a process would r e s u l t  i n  
a h y d r a u l i c  d e s i g n  which  combines  t h e  cha rac t e r i s t i c s  o f  
s e v e r a l  d i f f e r e n t  d e s i g n s  t o  a c h i e v e  optimum p e r f o r m a n c e  
o f  a l l  h y d r a u l i c  f u n c t i o n s .  

S u b t a s k  5 -- R o c k / C u t t e r  I n t e r a c t i o n  S t u d i e s  

T h e  r o c k / c u t t e r  i n t e r a c t i o n  f o r  r o l l i n g ,  c r u s h i n g  b i t s  

h a s  been  s t u d i e d  e x t e n s i v e l y .  However, t h e  d r a g - t y p e  PDC 

b i t s  b e i n g  d e v e l o p e d  u n d e r  t h i s  program u t i l i z e  a d i f f e r -  

e n t  rock f r a c t u r e  mechanism. To a c h i e v e  optimal b i t  

d e s i g n ,  t h e  i n t e r a c t i o n  of d r a g  c u t t e r s  w i t h  rock re- 
q u i r e s  a d d i t i o n a l  s t u d y .  

The o b j e c t i v e s  o f  t h i s  s u b t a s k  a re :  

To d e t e r m i n e  t h e  stresses and t e m p e r a t u r e s  t h a t  

b u i l d  up i n  a d r a g  c u t t e r  as  a f u n c t i o n  o f  c u t t e r  
rake a n g l e  and  d e p t h  of p e n e t r a t i o n .  

To  d e t e r m i n e  t h e  mechanisms of d r a g  c u t t e r  wear 
and t o  d e f i n e  ways t o  m i n i m i z e  t h e  wear t h r o u g h  
d e s i g n  and ma te r i a l  c h a n g e s .  

To  d e v e l o p  a s u i t a b l e  c h i p - f o r m a t i o n  model f o r  a 

d r a g  c u t t e r / r o c k  i n t e r a c t i o n  problem.  

To d e t e r m i n e  t h e  opt imal  c u t t e r  p l a c e m e n t  p a t t e r n  
for  a g e o t h e r m a l  b i t .  
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E x p e r i m e n t a l  and a n a l y t i c a l  i n v e s t i g a t i o n s  o f  t h e  p h y s i c s  
o f  rock f a i l u r e  b y  d r a g  c u t t e r s  w i l l  be ca r r i ed  o u t  i n  
order to  se lec t  more e f f i c i e n t  means o f  t r a n s m i t t i n g  
e n e r g y  to  t h e  f o r m a t i o n .  I n  a d d i t i o n ,  new d e s i g n s  and  
new ma te r i a l s  w i l l  be s o u g h t  i n  order to  minimize  tool  
wear r a t e s ,  t h u s  i n c r e a s i n g  t h e  l i f e  of drag c u t t e r s .  
Rock f a i l u r e  as a f u n c t i o n  o f  l o a d i n g  i n  bo th  t h e  micro- 
scopic and macroscopic r a n g e  w i l l  be i n v e s t i g a t e d  u n d e r  
r e p r e s e n t a t i v e  r e s e r v o i r  c o n d i t i o n s  o f  p r e s s u r e  and 
t e m p e r a t u r e .  The r e s u l t s  o f  these s t u d i e s  w i l l  t h e n  b e  
used  to  d e s i g n  l o n g e r  l a s t i n g ,  f a s t e r  p e n e t r a t i n g  d r i l l  

b i t s .  

S u b t a s k  6 -- D r i l l  S t r i n g  Dynamics S t u d i e s  

The o b j e c t i v e s  o f  t h i s  s u b t a s k  are t o  d e v e l o p  improved 
a n a l y t i c a l  models  t h a t  w i l l  a l l o w  t h e  proper d e s i g n  of 

downhole assemblies and s h o c k  s u b s  t o  r e d u c e  h o l e  d e v i a -  
t i o n  problems and problems associated w i t h  s e v e r e  d r i l l  

pipe v i b r a t i o n .  
f o l l o w i n g :  

S p e c i f i c a l l y ,  t h e  a c t i v i t i e s  i n c l u d e  t h e  

(1) F o r m u l a t i o n  of t h e  downhole a s s e m b l y ,  b i t  and  
f o r m a t i o n  i n t e r a c t i o n  e q u a t i o n s .  

( 2 )  S o l u t i o n  o f  t h e  b i t / f o r m a t i o n  i n t e r a c t i o n  p rob lem.  

( 3 )  C o u p l i n g  o f  b i t / f o r m a t i o n  i n t e r a c t i o n  dynamics  t o  
t h e  downhole a s sembly  model.  

( 4 )  F o r m u l a t i o n  and s o l u t i o n  of b o t h  t h e  d r i l l  s t r i n g  
and downhole a s s e m b l y  e q u a t i o n s .  

The p u r p o s e  o f  t h i s  s t u d y  i s  t o  d e t e r m i n e  t h e  d y n a m i c a l l y  
u n s t a b l e  f a i l u r e  modes and t h e  peak stresses, s t r a i n s ,  
and d i s p l a c e m e n t s  a l o n g  a s t r a i g h t  and  d e v i a t e d  r o t a t i n g  
d r i l l  s t r i n g .  A u s e r - o r i e n t e d  computer  code w i l l  be 



d e v e l o p e d  t h a t  w i l l  be a v a i l a b l e  to  i n d u s t r y  fo r  d e s i g n  
a p p l i c a t i o n s .  T h i s  s t u d y  w i l l  e s t a b l i s h  how d i f f e r e n t  
d r i l l i n g  parameters a f f e c t  t h e  d e f l e c t i o n  and stress 
d i s t r i b u t i o n s  and show how t o  improve d r i l l i n g  p rograms .  
Of  p a r t i c u l a r  i n t e r e s t  a re  t h e  f r e q u e n c y  and a m p l i t u d e  o f  
t h e  m o t i o n s  i n d u c e d  i n  t h e  s t r i n g  and i n  t h e  motor bear- 

i n g s  when h igh - speed  motors are u t i l i z e d  w i t h  PDC b i t s .  

The a n a l y s i s  w i l l  u s e  l a b o r a t o r y  measu remen t s  of b i t  and  
motor dynamics  o b t a i n e d  d u r i n g  motor t e s t s .  Then,  
a s s e s s m e n t s  o f  t h e  need  for  shock s u b s  to  p r o t e c t  t h e  

motor components  c a n  be made and proper shock s u b  d e s i g n s  
c a n  be d e v e l o p e d .  

7 5 , 7 6  



, ,.- 



11s. Management P l a n  

A .  Approach 

The DOE D i v i s i o n  o f  Geothermal  Energy  h a s  o v e r a l l  p rog rammat i c  
r e s p o n s i b i l i t y  f o r  d i r e c t i o n  of t h e  Geothermal  D r i l l i n g  and Comple t ion  
Techno logy  Development Program. F i e l d  program management r e s p o n s i b i l -  
i t y  h a s  been  a s s i g n e d  t o  S a n d i a  N a t i o n a l  L a b o r a t o r i e s .  DOE/DGE, w i t h  

a s s i s t a n c e  f rom S a n d i a ,  sets t h e  program g o a l s ,  e s t a b l i s h e s  m i l e s t o n e s  
and b u d g e t ,  and p l a n s  p rograms  toward m e e t i n g  them.  Sand ia  p l a n s ,  
i n i t i a t e s ,  d i r e c t s ,  and c o o r d i n a t e s  t e c h n i c a l  work w i t h i n  t h e  scope 
and o b j e c t i v e s  of t h e  program. Close t e c h n i c a l  and  a d m i n i s t r a t i v e  
c o o r d i n a t i o n  is m a i n t a i n e d  between t h e  S a n d i a  Program Manager and t h e  

DOE/DGE Program Manager.  

B. Program Management S t r u c t u r e  

The D r i l l i n g  and Comple t ion  Techno logy  Development  Program is 

s t r u c t u r e d  a s  shown i n  F i g u r e  11. The DOE Program Manager h a s  o v e r a l l  
a d m i n i s t r a t i v e  r e s p o n s i b i l i t y  f o r  t h e  program i n c l u d i n g  t h e  p r e p a r a -  
t i o n  o f  t h e  a n n u a l  b u d g e t  requests .  I n  a d d i t i o n ,  he  a u t h o r i z e s  and  
m o n i t o r s  S a n d i a ' s  i n -house  r e s e a r c h  projects.  The S a n d i a  Program 
Manager h a s  o v e r a l l  r e s p o n s i b i l i t y  f o r  a c c o m p l i s h i n g  t h e  t e c h n i c a l  
o b j e c t i v e s  of t h e  project  , w i t h i n  t h e  s p e c i f i e d  b u d g e t s  and s c h e d u l e s .  
Working u n d e r  S a n d i a  po l i c i e s ,  he  w i l l  o b t a i n  a p p r o p r i a t e  S a n d i a  
management c o n c u r r e n c e  i n  t h e  e x p e n d i t u r e  o f  p r o j e c t  f u n d s .  H e  w i l l  
b e  v e r s e d  i n  a l l  t e c h n i c a l  aspects of t h e  program and w i l l  m a i n t a i n  
f a m i l i a r i t y  w i t h  r e l e v a n t  R&D a c t i v i t i e s  o u t s i d e  t h e  program.  H e  is 
r e s p o n s i b l e  f o r  u p d a t i n g  t h e  program p l a n  and f o r  c o n t r a c t i n g  and  @ 
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p r o c u r e m e n t  a c t i v i t i e s .  I n  a d d i t i o n ,  h e  w i l l  i n s u r e  e f f e c t i v e  coordi- 
n a t i o n  and i n t e g r a t i o n  o f  t h e  v a r i o u s  t a s k s  u n d e r  t h e  program and w i l l  

e s t a b l i s h  and i n s u r e  e f f e c t i v e  working  i n t e r f a c e s  w i t h  t h e  o ther  

p r o j e c t s  of t h e  Federal  G e o t h e r m a l  Energy Program. H e  w i l l  a l s o  be 

r e s p o n s i b l e  f o r  m a i n t a i n i n g  close c o o r d i n a t i o n  and d i r e c t  communica- 
t i o n  w i t h  t h e  DOE/DGE Program Manager. 

A Geothermal  D r i l l i n g  and Comple t ion  A d v i s o r y  P a n e l  c o m p r i s i n g  
s e v e r a l  i n d u s t r y  r e p r e s e n t a t i v e s  s e r v e s  as a s t e e r i n g  committee f o r  
t h e  D r i l l i n g  and Comple t ion  Program. The S a n d i a  Program Manager w i l l  

work c l o s e l y  w i t h  t h i s  p a n e l .  The p a n e l  meets s e m i a n n u a l l y  t o  r e v i e w  
t h e  program a c t i v i t i e s  and p r o v i d e  g u i d a n c e  t o  t h e  S a n d i a  Program 
Manager.  

C. P r o c u r e m e n t  and C o n t r a c t  Management 

P r o c u r e m e n t  a c t i v i t i e s  w i l l  be c o n d u c t e d  i n  g e n e r a l  a c c o r d a n c e  
w i t h  e s t a b l i s h e d  S a n d i a  p r o c u r e m e n t  p o l i c y .  W i t h i n  t h e  framework of 

t h e  p r o c u r e m e n t  s y s t e m ,  t h e r e  i s  s t r o n g  emphas i s  o n  c o m p e t i t i v e  
s o l i c i t a t i o n ,  w i t h  DOE-approved g u i d e l i n e s  f o r  r e q u e s t s  f o r  q u o t a t i o n  
(RFQ's), p r o p o s a l  e v a l u a t i o n ,  and s o u r c e  s e l e c t i o n  t e c h n i q u e s .  Ad- 

vance  n o t i c e  o f  i n t e n t  t o  c o n t r a c t  w i l l  be  p u b l i s h e d  i n  t h e  Commerce 
B u s i n e s s  D a i l y ,  when a p p r o p r i a t e .  Where f a c t s  and c i r c u m s t a n c e s  
i n d i c a t e  t h e  i m p r a c t i c a l i t y  o f  p l a c i n g  a s p e c i f i c  r e q u i r e m e n t  o n  a 
c o m p e t i t i v e  b a s i s ,  t h e  s y s t e m  p r o v i d e s  f o r  t h e  p o s s i b i l i t y  o f  non- 
c o m p e t i t i v e  p r o c u r e m e n t  on  a sole s o u r c e  b a s i s .  

The S a n d i a  Program Manager,  i n  c o o r d i n a t i o n  w i t h  t h e  r e s p o n s i b l e  
DGE management,  w i l l  e s t a b l i s h  t h e  r e q u i r e m e n t s  of major project  tasks  

t o  be  c o n t r a c t e d .  P rocuremen t  and c o m p e t i t i v e  s o l i c i t a t i o n  w i l l  b e  
h a n d l e d  by a c o m b i n a t i o n  o f  S a n d i a  t e c h n i c a l  and a d m i n i s t r a t i v e  p e r -  
s o n n e l .  C o n t r a c t o r  t e c h n i c a l  and f i s c a l  a c t i v i t i e s  and  p e r f o r m a n c e  
w i l l  be m o n i t o r e d  t h r o u g h  p l a n t  v i s i t s ,  r e v i e w  of c o n t r a c t o r  reports  

and r e c o r d s ,  and i n d e p e n d e n t  a n a l y s i s  or e x p e r i m e n t a l  v e r i f i c a t i o n  of 
component or s u b s y s t e m  p e r f o r m a n c e  a t  S a n d i a  f a c i l i t i e s  o r  o the r  

o u t s i d e  f a c i l i t i e s ,  as  appropriate .  
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S p e c i f i c a l l y ,  t e c h n i c a l  m o n i t o r i n g  w i l l  be accomplished by  t h e  

f o l l o w i n g :  

1. I n f o r m a l  mon th ly  l e t t e r  reports by  t h e  c o n t r a c t o r  w h i c h  w i l l  

be r e v i e w e d  by S a n d i a  and combined i n t o  a q u a r t e r l y  s t a t u s  r epor t  t o  
DOE. 

2. Formal s e m i a n n u a l  s t a t u s  r e v i e w s  o f  a l l  program e l e m e n t s ,  
u t i l i z i n g  p r e s e n t a t i o n s  by  t h e  c o n t r a c t o r s  t o  DOE, t h e  S a n d i a  Program 
Manager ,  and t h e  Geothermal D r i l l i n g  and Comple t ion  P a n e l .  

3 .  P l a n t  v i s i t s  on  a s e m i a n n u a l  bas i s  by t h e  S a n d i a  e n g i n e e r  
r e s p o n s i b l e  f o r  t h e  p r o g r e s s  o f  t h e  work. 

The S a n d i a  L a b o r a t o r i e s  Case Cost Sys tem is u s e d  f o r  t h e  c o n t r o l  
and a l l o c a t i o n  o f  r e s o u r c e s .  C o s t  da t a  a re  a g g r e g a t e d  by major t a s k  
l e v e l  and per iodic  repor t s  are  i s s u e d  t o  DOE. 

D. In-House Research and  Development  

DOE has a s s i g n e d  to  S a n d i a  c e r t a i n  in-house  t e c h n i c a l  work t h a t  i s  
n e c e s s a r y  t o  m a i n t a i n  a v i a b l e  t e c h n i c a l  e x p e r t i s e  i n  t h e  program 

management s t a f f .  I n  a d d i t i o n ,  S a n d i a  possesses many u n i q u e  tech- 

n o l o g i c a l  r e s o u r c e s  w h i c h  c a n  b e n e f i t  t h e  Federal  Geothermal  Energy  
Program. DOE/DGE m o n i t o r s  and a p p r o v e s  t h e  S a n d i a  in-house  l e v e l  of 

e f f o r t  on  t h e  t e c h n i c a l  work of t h e  D r i l l i n g  and  Comple t ion  Program.  
In-house  a c t i v i t i e s  f a l l  i n t o  o n e  o r  more o f  t h e  f o l l o w i n g  c a t e g o r i e s :  

1. Research and d e v e l o p m e n t  ( R & D )  t h a t  s u p p o r t s  o r  complements  
t h e  work o f  o u t s i d e  c o n t r a c t o r s .  

2. Advanced R&D t h a t  u t i l i z e s  u n i q u e  c a p a b i l i t i e s  o r  f a c i l i t i e s  

d e v e l o p e d  u n d e r  o t h e r  p rograms  a t  S a n d i a .  
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3 .  Development of s y s t e m s  a n a l y s i s  methods  f o r  i d e n t i f y i n g  

c r i t i c a l  R & D  areas and e v a l u a t i n g  proposals. 

4 .  R&D f o r  w h i c h  no o u t s i d e  source is  a v a i l a b l e .  

5. A p p l i c a t i o n  o f  advanced  weapons t e c h n o l o g y  as  a p p r o p r i a t e  t o  
g e o t h e r m a l  d r i l l i n g  and c o m p l e t i o n  p rob lems .  

6. Development t h a t  mus t  be a c c o m p l i s h e d  on  s h o r t  t i m e  scales  so 
t h a t  p r o c u r e m e n t  a c t i v i t i e s  are  p r e c l u d e d .  

E .  Program R e p o r t i n g  and T e c h n i c a l  Review 

1. Program Reviews  -- I n  a d d i t i o n  t o  p e r i o d i c  i n t e r n a l  S a n d i a  
program r e v i e w s ,  f o r m a l  p r o g r e s s  r e v i e w s  w i l l  b e  c o n d u c t e d  semi- 
a n n u a l l y  f o r  e v a l u a t i o n  by DOE/DGE management,  S a n d i a  management,  t h e  

A d v i s o r y  P a n e l ,  and o t h e r  d e s i g n a t e d  program r e v i e w e r s .  The r e v i e w s  
w i l l  be  i n  t h e  form o f  d e t a i l e d  p r e s e n t a t i o n s  on  t h e  s t a t u s  of t h e  

v a r i o u s  program t a s k s  t o  be g i v e n  by  i n v o l v e d  S a n d i a  p e r s o n n e l  o r  by 
t h e  c o n t r a c t o r s .  Project  a c c o m p l i s h m e n t s  a s  w e l l  a s  problem areas 
a f f e c t i n g  o b j e c t i v e s ,  s c h e d u l e s ,  and costs  w i l l  b e  emphas ized .  Evalu-  
a t i o n s  f r o m  these r e v i e w s  w i l l  be u t i l i z e d  to  u p d a t e  program p l a n s  and 
s c h e d u l e s .  Special  r e v i e w s  and i n t e r f a c e  m e e t i n g s  may a l so  be n e c e s -  
s a r y  a t  o t h e r  times, s u c h  a s ,  p r io r  t o  major program d e c i s i o n  p o i n t s .  

2 .  Management Reports 

( a )  Q u a r t e r l y  and  Annua l  P r o g r e s s  Reports. Q u a r t e r l y  prog-  
ress r e p o r t s  w i l l  be prepared t h a t  w i l l  r e v i e w  a l l  aspects of t h e  

program.  These r e p o r t s  w i l l  c o v e r  t h e  a c h i e v e m e n t s  o f  t h e  p e r i o d  and 
t h e i r  i m p l i c a t i o n s  r e l a t i v e  t o  o v e r a l l  p rogram o b j e c t i v e s  and  m i l e -  
s t o n e s  and w i l l  p r o v i d e  a measu re  of p e r f o r m a n c e  w i t h  respect  t o  g o a l s  
s e t  f o r t h  a t  t h e  b e g i n n i n g  o f  t h e  y e a r .  Annual reports  w i l l  be i s s u e d  
o n  a f i s c a l  y e a r  b a s i s .  

81 



( b )  C o n t r a c t o r  Reports. C o n t r a c t o r s  w i l l  s u b m i t  mon th ly  
p r o g r e s s  reports  to  S a n d i a  d e t a i l i n g  t h e  a c t i v i t i e s  and  a c c o m p l i s h -  
m e n t s  o f  t h e i r  work. Emphasis  w i l l  b e  o n  t e c h n i c a l  r e s u l t s ,  s ched-  
u l e s ,  cos t s ,  and problem areas.  I n t e r i m  and  f i n a l  c o n t r a c t  repor t s  
f o r  p u b l i c  d i s s e m i n a t i o n  w i l l  be i s s u e d .  

( c )  Spec ia l  Reports and Project I n f o r m a t i o n .  From t i m e  t o  
t i m e  it w i l l  be n e c e s s a r y  t o  prepare special summary reports w h i c h  

m i g h t  be d i c t a t e d  by c o m p l e t i o n  o f  a major program a c t i v i t i y  o r  b y  
u n u s u a l  or unexpec ted  d e v e l o p m e n t s  a f f e c t i n g  t h e  o v e r a l l  program. 
Program i n f o r m a t i o n  i n  t h e  form o f  v i s u a l  a i d s ,  d e s k - t o p  models ,  and  
p r o t o t y p e  ha rdware  w i l l  b e  f u r n i s h e d  t o  DOE/DGE t o  a i d  t h e  s t a f f  i n  
p r e s e n t i n g  program o v e r v i e w s  a s  needed .  

3 .  D i s s e m i n a t i o n  of T e c h n i c a l  I n f o r m a t i o n  -- I n  order  t o  p r o v i d e  
t i m e l y  t e c h n i c a l  i n f o r m a t i o n  t o  i n t e r e s t e d  s c i e n t i f i c  and  i n d u s t r i a l  

communi t i e s  a t  l a r g e ,  S a n d i a  p e r s o n n e l  a c t i v e l y  i n v o l v e d  i n  t h e  
t e c h n i c a l  work w i l l  p a r t i c ipa t e  i n  and p r e s e n t  t e c h n i c a l  papers a t  
s c i e n t i f i c  m e e t i n g s  and workshops. C o n t r a c t o r  r e p r e s e n t a t i v e s  w i l l  

a l so  be e n c o u r a g e d  t o  do so. S i g n i f i c a n t  t e c h n i c a l  a c c o m p l i s h m e n t s  
w i l l  be w r i t t e n  i n  t h e  form of spec ia l  reports  o r  w i l l  be s u b m i t t e d  t o  

appropr ia te  s c i e n t i f i c  and t e c h n i c a l  j o u r n a l s .  P u b l i c a t i o n  o f  re- 
search r e s u l t s  by c o n t r a c t o r s  w i l l  be e n c o u r a g e d ,  b u t  w i l l  be i n  
a c c o r d a n c e  w i t h  t h e  terms o f  t h e  c o n t r a c t  and c o n d i t i o n s  r e g a r d i n g  
release of i n f o r m a t i o n .  S e m i n a r s  and workshops w i l l  be  o r g a n i z e d  as 
deemed u s e f u l .  

i. 

S a n d i a  i s  a n o - f e e ,  n o n - p r o f i t  DOE l a b o r a t o r y ,  and e n e r g y  R&D 

i n f o r m a t i o n  i s  made a v a i l a b l e  t o  a l l  i n t e r e s t e d  p a r t i e s .  A l l  p a t e n t s  
awarded to  S a n d i a ' s  s t a f f  are  a s s i g n e d  t o  t h e  U.S. Government and  are 
h a n d l e d  i n  a c c o r d a n c e  w i t h  DOE po l i c i e s  t o  protect  t h e  p u b l i c  i n t e r -  
e s t .  A l l  reports  g e n e r a t e d  by  t h i s  program are a v a i l a b l e  t h r o u g h  t h e  

N a t i o n a l  T e c h n i c a l  I n f o r m a t i o n  S e r v i c e .  
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IV. Technology Transfer and Research Utilization 

The Drilling and Completion Program and the overall DOE Geothermal 
Program are designed to encourage the development and implementation 
of geothermal energy sources by private industry. Therefore, special 
attention is given to technology transfer and research utilization. 

Results of work performed under the program will be communicated 
on a timely basis by both contractor and Sandia staff to suppl-iers, 
manufacturers, users, and regulatory agencies. Various modes of 
communication will be employed including: 

1. Publication of results in frequent progress reports and in 
scientific, technical, and trade journals; 

2. Presentations at appropriate meetings and conferences; and 

3 .  Scheduling of information meetings, conferences, workshops and 
symposia which will be open to the general public. 

Industrial participation and guidance are strongly encouraged. 
One formal point of contact between industry and the program is the 
Drilling and Completion Advisory Panel. This panel comprises drilling 
contractors, equipment manufacturers, and representatives from the 
operating companies. Semiannual meetings of this panel are convened 
to discuss research results and to identify areas where further re- 
search is needed. These meetings provide information to the industry 
at the earliest possible time. 
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An important factor pertaining to technology transfer is the fact 
that Sandia is fully committed to the concept of early and extensive 
involvement of industry, university, and other agencies in all phases 
of energy research and development. Thus, the major portion of the 
program's activities will be performed by the private sector and other 
institutions under contract to Sandia. 
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CURRENT PROGRAM STATUS 

T h i s  a p p e n d i x  p r e s e n t s  a b r i e f  summary of t h e  c u r r e n t  s t a t u s  of 
t h e  work u n d e r  way i n  each program e l e m e n t .  

D r i l l i n a  Hardware 

A completed pro jec t  on  u n s e a l e d  g e o t h e r m a l  d r i l l  b i t  deve lopmen t  
h a s  i d e n t i f i e d  new ma te r i a l s  f o r  u s e  i n  c r i t i c a l  areas o f  c o n v e n t i o n a l  
r o l l e r  c o n e  b i t s .  These ma te r i a l s  d e m o n s t r a t e d  improved h a r d n e s s  and 
t o u g h n e s s  a t  h i g h  t e m p e r a t u r e s  and  e x t e n d e d  t h e  l i f e  of t h e  b i t s  i n  
h a r d  g e o t h e r m a l  f o r m a t i o n s .  S i x  e x p e r i m e n t a l  b i t s  u s i n g  these new 
ma te r i a l s  were t e s t e d  i n  a g e o t h e r m a l  w e l l  a t  The G e y s e r s  a l o n g  w i t h  

s e v e n  c o n v e n t i o n a l  b i t s .  The mater ia l  improvements  a l lowed t h e  e x p e r -  
i m e n t a l  b i t s  t o  d r i l l  30  p e r c e n t  l o n g e r  b e f o r e  i n c u r r i n g  t h e  same g a g e  
wear as t h e  c o n v e n t i o n a l  b i t s ,  and 7 0  p e r c e n t  more hole was d r i l l e d  t o  
gage t h a n  w i t h  a c o n v e n t i o n a l  b i t .  Bea r ing  w e a r  w a s  a l so  r e d u c e d  
s i g n i f i c a n t l y .  By d e c r e a s i n g  t h e  number of b i t s  needed  t o  d r i l l  a 
w e l l  and r e d u c i n g  r i g  t i m e  cost ,  t h e  e x p e r i m e n t a l  b i t s  c o u l d  p o t e n -  
t i a l l y  s a v e  be tween 2 and 4 p e r c e n t  of t h e  t o t a l  cost of w e l l s  d r i l l e d  

i n  The Geysers. 

E x p e r i m e n t s  w i t h  h i g h - t e m p e r a t u r e  sea l  d e s i g n s ,  mater ia ls ,  and  
l u b r i c a n t s  f o r  sealed b e a r i n g  b i t s  have  i d e n t i f i e d  p r o m i s i n g  seal /  
l u b r i c a n t  s y s t e m s  f o r  g e o t h e r m a l  u s e .  An o i l ,  d e s i g n a t e d  PLX-014, h a s  

b e e n  d e v e l o p e d  u n d e r  t h i s  program and h a s  d e m o n s t r a t e d  a l o a d - b e a r i n g  
c a p a b i l i t y  a t  316OC (600OF) r o u g h l y  twice t h a t  o f  t h e  s t a n d a r d  rock- 
b i t  l u b r i c a n t  a t  room t e m p e r a t u r e .  A g r e a s e  v e r s i o n  of PLX-014 o i l  @ 
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tested a t  317OC (603OF) ,  w h i l e  showing ,  a s  e x p e c t e d ,  a n  a v e r a g e  
l o a d - c a r r y i n g  c a p a b i l i t y  somewhat l e s s  t h a n  t h e  o i l ,  s t i l l  exceeded  
s t a n d a r d  l u b r i c a n t  l o a d  capab i l i t i e s  by  50 p e r c e n t .  Both t h e  o i l  and 
g r e a s e  v e r s i o n s  o f  PLX-014 p roved  c o m p a t i b l e  w i t h  elastomeric s e a l s  
f a b r i c a t e d  from V i t o n  and T e f l o n - c o a t e d  V i t o n  mater ia l s .  The new 
l u b r i c a n t ,  PLX-014, i s  now a v a i l a b l e  c o m m e r c i a l l y  u n d e r  t h e  t r a d e  name 
"Geobond . 'I 

F u l l - s c a l e  d r a g  b i t s ,  m o d i f i e d  to  u s e  p o l y c r y s t a l l i n e  diamond 
compact ( P D C )  c u t t e r s ,  h a v e  b e e n  s u c c e s s f u l l y  d e m o n s t r a t e d  i n  f i e l d  
tests.  S t e e l - b o d i e d ,  PDC b i t s  b u i l t  b y  C h r i s t e n s e n  and S m i t h ,  were 
t e s t e d  a t  a l o c a t i o n  i n  t h e  Baca F i e l d ,  N e w  Mexico. T e s t i n g  w a s  i n  
a n d e s i t e ,  t h e  basement  f o r m a t i o n  f o r  t h e  g e o t h e r m a l  w e l l s  b e i n g  
d r i l l e d  b y  t h e  Union Geo the rma l  Company o f  N e w  Mexico. The t es t s  
were r u n  a t  d e p t h s  o f  a p p r o x i m a t e l y  1 ,676  to 1 , 7 0 7  metres ( 5 , 5 0 0  t o  
5,600 f e e t ) .  One b i t  d r i l l e d  w i t h  p e n e t r a t i o n  r a t e s  up  t o  0.007 m / s  
( 8 5  f t / h )  a t  b i t  w e i g h t s  up t o  88 ,964  newtons  ( 2 0 , 0 0 0  p o u n d s )  and 
r o t a r y  speeds a s  h i g h  as 7 0  rpm. C u t t e r  wear was n o t  e x c e s s i v e ,  and  
t h e  b i t  w a s  s t i l l  u s a b l e  a f t e r  t h e  t es t .  On t h e  a v e r a g e ,  a 5 0 - p e r c e n t  
i n c r e a s e  i n  p e n e t r a t i o n  r a t e  o v e r  t h a t  o f  a c o n v e n t i o n a l  b i t  was 
o b t a i n e d .  The o t h e r  s t e e l - b o d i e d  b i t  was found to  b e  so a g g r e s s i v e  i n  
d r i l l i n g  t h i s  f o r m a t i o n  t h a t  b i t  w e i g h t s  g r e a t e r  t h a n  44 ,482  n e w t o n s  
( 1 0 , 0 0 0  p o u n d s )  c o u l d  n o t  b e  u s e d .  I n s t a n t a n e o u s  p e n e t r a t i o n  r a t e s  a s  
h i g h  as  0 .014  m / s  ( 1 7 0  f t / h )  were o b t a i n e d  a t  a r o t a r y  s p e e d  of 60  rpm. 
S i n c e  t h e s e  t e s t s  were l i m i t e d  to  a p p r o x i m a t e l y  1 5 . 2  metres ( 5 0  f e e t )  
e a c h ,  b i t  l i f e t i m e  c o u l d  n o t  be e s t a b l i s h e d .  A d d i t i o n a l  f i e l d  t e s t i n g  
t o  e s t a b l i s h  t h i s  parameter is p l a n n e d  i n  FY 1981. 

The c o n t i n u o u s  c h a i n  d r i l l  i s  a s y s t e m  i n  which  t h e  c u t t i n g  
s u r f a c e s  c a n  be r e p l a c e d  w i t h o u t  removing t h e  b i t  f rom t h e  h o l e .  The 
c o n c e p t  is  i n t e n d e d  to  r e d u c e  d r i l l i n g  costs  by  r e d u c i n g  t h e  t i m e  
r e q u i r e d  to  replace worn b i t s .  The c u t t i n g  s u r f a c e  u s e s  n a t u r a l  d ia-  

monds mounted on  t h e  l i n k s  o f  a c o n t i n u o u s  c h a i n .  A p r o t o t y p e  o f  t h i s  
b i t  was f i e l d  t e s t e d  i n  d r i l l i n g  g r a n i t e  a t  t h e  Nevada Tes t  S i t e  ( N T S )  

i n  J u n e  1979.  The c h a i n  b i t  d r i l l e d  a t o t a l  o f  76 metres ( 2 5 0  f e e t )  
w i t h  s i x  c u t t i n g  s u r f a c e s ,  and t h e  c h a i n  was s u c c e s s f u l l y  c y c l e d  
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a p p r o x i m a t e l y  85 times downhole.  P rob lems  were e n c o u n t e r e d  w i t h  t h e  
mud s y s t e m .  A s e c o n d  f i e l d  t e s t  w a s  c o n d u c t e d  i n  Sep tember  1 9 7 9 ,  b u t  
i n t e r n a l  h y d r a u l i c  l e a k a g e  o c c u r r e d .  T h i s  p rob lem h a s  been  c o r r e c t e d ,  
and a t h i r d  f i e l d  t e s t  a t  NTS was c o n d u c t e d  i n  J u n e  1980 .  I n  t h i s  
t e s t ,  t h e  mechanism used f o r  c y c l i n g  t h e  c h a i n  was p r o v e n  t o  b e  
r e l i a b l e .  I f  i n d u s t r y  w i l l  co s t  s h a r e  f u r t h e r  d e v e l o p m e n t  o n  t h i s  
c o n c e p t ,  c o m m e r c i a l i z a t i o n  a c t i v i t i e s  w i l l  s t a r t  i n  FY 1981.  L i m i t e d  
i n d u s t r y  i n t e r e s t  w i l l  r e s u l t  i n  p ro j ec t  t e r m i n a t i o n .  

D r i l l i n g  F l u i d s  

Projects  are  p r o g r e s s i n g  w i t h  t h e  o b j e c t i v e s  o f  d e t e r m i n i n g  t h e  
h igh -  t e m p e r a t u r e / h  i g h - p r e s s u r e  r h e o l o g i c a l  p rope r t i e s  o f  d r i l l i n g  
muds, of g a i n i n g  a f u n d a m e n t a l  u n d e r s t a n d i n g  o f  t h e  morphology o f  c l a y  
p a r t i c l e s  u n d e r  t h e  i n f l u e n c e s  o f  h i g h  t e m p e r a t u r e  and  v a r i o u s  chemi-  
c a l  compounds, o f  i d e n t i f y i n g  and /o r  d e v e l o p i n g  foam d r i l l i n g  f l u i d s  
capable o f  o p e r a t i n g  i n  t e m p e r a t u r e  e n v i r o n m e n t s  t o  31OOC (590OF) and 
h a v i n g  c h e m i c a l  and foaming s t a b i l i t y  and a n t i c o r r o s i v e  and a n t i -  
o x i d a n t  p r o p e r t i e s ,  o f  d e m o n s t r a t i n g  a t e c h n i q u e  o f  N2 g e n e r a t i o n  f r o m  
d i e s e l  e n g i n e  e x h a u s t  u s i n g  a c a t a l y t i c  c o n v e r t e r ,  and o f  f i e l d  t es t -  
i n g  a ? h i g h - t e m p e r a t u r e  d r i l l i n g  mud. 

A mud t e s t i n g  loop h a s  been  i n s t a l l e d  a t  t h e  U n i v e r s i t y  o f  
Oklahoma t o  e v a l u a t e  d r i l l i n g  f l u i d s  u n d e r  s i m u l a t e d  downhole c o n d i -  
t i o n s  of 288OC ( 5 5 0 O F )  and 2 0 . 6  MPa ( 3 , 0 0 0  p s i ) ,  and  t e s t i n g  of muds 

h a s  begun. A mud t e s t  f a c i l i t y  w i t h  e x t e n d e d  c a p a b i l i t i e s ,  371°C 
(700OF) and 138  MPa ( 2 0 , 0 0 0  p s i ) ,  i s  unde r  c o n s t r u c t i o n  a t  NL B a r o i d  
u n d e r  a c o s t - s h a r i n g  c o n t r a c t  w i t h  DOE. T h i s  e x t e n d e d  t e s t i n g  capa- 
b i l i t y  is  e x p e c t e d  to b e  a v a i l a b l e  b y  t h e  end of FY 1981.  

A p ro jec t  d i r e c t e d  a t  p r o v i d i n g  a b a s i c  u n d e r s t a n d i n g  o f  t h e  
e f f e c t s  o f  d i f f e r e n t  c h e m i c a l s  and h i g h  t e m p e r a t u r e s  o n  c l a y  p a r t i c l e  
morphology is u n d e r  way a t  Texas  Tech U n i v e r s i t y .  On t h e  b a s i s  o f  t h i s  
u n d e r s t a n d i n g ,  c l a y - b a s e d ,  g e o t h e r m a l  d r i l l i n g  f l u i d  systems, complete 
w i t h  t h e  a d d i t i v e s  d i c t a t e d  by  downhole c o n d i t i o n s ,  w i l l  b e  d e s i g n e d  
f o r  u s e  i n  g e o t h e r m a l  d r i l l i n g .  The Texas  Tech C l a y  and D r i l l i n g  @ 
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F l u i d s  Laboratories were remode led  to  accommodate t h e  p ro j ec t .  The 
project  i n v e s t i g a t i o n s  were i n i t i a t e d  i n  J u l y  1979.  X-ray d i f f r a c t i o n  
and e l e c t r o n  microscopic s t u d i e s  o f  t h e  e f f e c t s  o f  v a r i o u s  s a l t s  and 
e l e v a t e d  t e m p e r a t u r e s  o n  a t t a p u l g i t e  and s e p i o l i t e  h a v e  b e e n  con- 
d u c t e d .  S t u d i e s  o f  s a p o n i t e  f l u i d s  are c o n t i n u i n g .  One s e p i o l i t e  mud 
f o r m u l a t i o n  d e v e l o p e d  u n d e r  t h i s  program h a s  b e e n  f i e l d  t e s t e d  i n  a 
g e o t h e r m a l  w e l l  i n  t h e  Imperial V a l l e y .  Whi l e  d a t a  a n a l y s i s  i s  n o t  
y e t  complete, t h e  mud e x h i b i t e d  good h o l e - c l e a n i n g  c h a r a c t e r i s t i c s ,  
y e t  l o w  pump p r e s s u r e s  were r e q u i r e d  to  b r e a k  c i r c u l a t i o n  a f t e r  t r i p s .  

The deve lopmen t  of a q u e o u s  foams f o r  g e o t h e r m a l  d r i l l i n g  h a s  b e e n  
i n i t i a t e d  a t  S a n d i a  N a t i o n a l  L a b o r a t o r i e s  w i t h  a g o a l  of d e v e l o p i n g  a 
foam t h a t  is  s t a b l e  and n o n c o r r o s i v e  a t  31OOC (590OF) .  An i n i t i a l  
report  h a s  been  i s s u e d  d e f i n i n g  t h e  b a s i c  p r o b l e m s  t o  b e  c o n s i d e r e d ,  
t h e  v a r i o u s  s o l u t i o n s  t h o u g h t  t o  b e  o b t a i n a b l e ,  and a p l a n  f o r  con- 
d u c t i n g  t h e  r e q u i r e d  deve lopmen t .  I n i t i a l  s u r f a c t a n t  s c r e e n i n g  h a s  
b e e n  completed. F i f t y - s i x  s u r f a c t a n t s  h a v e  b e e n  e v a l u a t e d  b e f o r e  and  
a f t e r  e x p o s u r e  to  a t e m p e r a t u r e  c y c l e  r e a c h i n g  26OOC (500OF) .  Twelve 
s u r f a c t a n t s  were s e l e c t e d  f o r  f u r t h e r  t e s t i n g .  The e v a l u a t i o n  o f  
t h e s e  s u r f a c t a n t s  i n  v a r i o u s  c h e m i c a l  e n v i r o n m e n t s  a t  26OOC (500OF) 
h a s  b e e n  c o m p l e t e d .  S i x  s u r f a c t a n t s ,  s e l e c t e d  b e c a u s e  o f  t h e i r  good 
p e r f o r m a n c e  i n  t h e  c h e m i c a l  e n v i r o n m e n t  tes ts ,  h a v e  been  e v a l u a t e d  
a f t e r  e x p o s u r e  t o  31OOC (590OF) i n  d e i o n i z e d  water. Four  o f  t h e s e  
s u r f a c t a n t s  showed good to  e x c e l l e n t  p e r f o r m a n c e  and are now b e i n g  
e v a l u a t e d  i n  v a r i o u s  c h e m i c a l  e n v i r o n m e n t s  a t  31OOC (590OF) .  S u r f a c -  
t a n t  e v a l u a t i o n  a t  26OOC ( 5 0 0 ° F )  is c o n t i n u i n g  on  new s u r f a c t a n t s  t h a t  
h a v e  b e e n  recommended. 

The u s e  o f  i n e r t  gas r a t h e r  t h a n  a i r  f o r  d r i l l i n g  is  e x p e c t e d  to  
r e d u c e  c o r r o s i o n  p rob lems .  A program t o  d e v e l o p  p o r t a b l e  n i t r o g e n  
g e n e r a t i o n  u n i t s  h a s  been  i n i t i a t e d .  A t  E n g e l h a r d  I n d u s t r i e s ,  a 
project  t o  d e m o n s t r a t e  c a t a l y t i c a l l y  s u p p o r t e d  t h e r m a l  c o m b u s t i o n  a s  a 

means o f  g e n e r a t i n g  an i n e r t  g a s  f rom t h e  e x h a u s t  stream of  a commer- 
c i a l l y  a v a i l a b l e  d i e s e l  e n g i n e  is  u n d e r  way. An e x i s t i n g ,  p r o p r i e t a r y  
c a t a l y s t  w i l l  b e  used  w i t h  s u p p l e m e n t a l  N o .  2 f u e l  o v e r  t h e  load r a n g e  
o f  t h e  d i e s e l  e n g i n e  t o  a c h i e v e  t h i s  o b j e c t i v e .  The p e r f o r m a n c e  o f  
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t h e  c a t a l y s t  w i l l  be e v a l u a t e d  o v e r  an e x t e n d e d  period of t i m e  t o  
v e r i f y  t h a t  i t s  a c t i v i t y  c a n  b e  r e t a i n e d  u n d e r  o p e r a t i n g  c o n d i t i o n s  
c o n s i s t e n t  w i t h  t h e  i n t e n d e d  f i e l d  a p p l i c a t i o n .  The project  was i n i -  
t i a t e d  i n  Augus t  1979.  The t e s t  r i g  d e s i g n  and f a b r i c a t i o n  h a v e  b e e n  
completed, t h e  f a c i l i t y  debugged,  and t h e  u n i t  d e m o n s t r a t e d .  The 

parametric t e s t  program h a s  b e e n  completed, and t h e  d u r a b i l i t y  tes ts  
a re  p r o g r e s s i n g .  

ComPle t ion  T e c h n o l o a v  

S t u d i e s  o f  c u r r e n t  g e o t h e r m a l  w e l l  c o m p l e t i o n  pract ices  and o f  
g e o t h e r m a l  w e l l  c a s i n g  f a i l u r e  modes h a v e  b e e n  completed and pub- 
l i s h e d .  These s t u d i e s  h a v e  been  used  t o  p l a n  f u t u r e  deve lopmen t  
a c t i v i t i e s  fo r  t h i s  program. S p e c i f i c a l l y ,  t h e y  have  p o i n t e d  o u t  t h e  

c r i t i c a l  need to a c h i e v e  proper cement  p l a c e m e n t  t o  p r e v e n t  c a s i n g  
co l l apse ,  b u c k l i n g ,  and c o r r o s i o n .  Based o n  these f i n d i n g s  and t h e  

r ecommenda t ions  of an  i n d u s t r y - b a s e d  a d v i s o r y  p a n e l ,  t h e  d e s i g n  of a 
l a b o r a t o r y  e x p e r i m e n t  for  t e s t i n g  c e m e n t s  and cement  p l a c e m e n t  me thods  
u n d e r  s i m u l a t e d  downhole c o n d i t i o n s  h a s  been  completed. A c q u i s i t i o n  
and a s s e m b l y  of t h e  r e q u i r e d  equ ipmen t  w i l l  b e g i n  i n  FY 1981 .  

A new t e c h n i q u e  u s i n g  h i g h - p r e s s u r e  c a v i t a t i n g  j e t s  t o  remove 
scale from p ipes  i n  g e o t h e r m a l  power p l a n t s  h a s  b e e n  d e m o n s t r a t e d .  
The p o s s i b i l i t y  o f  u s i n g  t h e  s y s t e m  to  remove sca le  f rom t h e  w e l l b o r e  
of a f l o w i n g  w e l l  h a s  a l so  b e e n  d e m o n s t r a t e d ,  and t h e  parameters 
needed  for  d e s i g n  of a n  o p e r a t i o n a l  downhole g e o t h e r m a l  w e l l  c l e a n i n g  
and scale  remova l  s y s t e m  were e s t a b l i s h e d .  Development  of t h i s  s y s t e m  
i s  a p p r o a c h i n g  t h e  f i e l d  d e m o n s t r a t i o n  s tage .  

The f i r s t  p h a s e  of a project to  i n v e s t i g a t e  t h e  e f f e c t  on  rock 
permeabi l i ty  o f  d r i l l i n g  mud i n v a s i o n  h a s  been  completed a t  Terra Tek.  

Cores f r o m  g e o t h e r m a l  w e l l s  i n  t h e  Imperial  V a l l e y  h a v e  b e e n  exposed  
t o  d i f f e r e n t  muds unde r  s i m u l a t e d  downhole c o n d i t i o n s .  These tests 
have  i n d i c a t e d  t h a t  p e r m e a b i l i t y  impa i rmen t  is  s t r o n g l y  d e p e n d e n t  o n  
t e m p e r a t u r e ,  and t h a t  more impa i rmen t  o c c u r s  a t  100°C ( 2 1 2 O F )  t h a n  a t  

2 O O O C  (392OF) f o r  s e p i o l i t e - b a s e d  muds. F u r t h e r  s t u d i e s  a re  i n  
progress.  w - -  
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I L o s t  C i r c u l a t i o n  C o n t r o l  Methods 

A s t u d y  t o  d e t e r m i n e  t h e  g e o l o g i c a l  cha rac t e r i s t i c s  of l o s t  
c i r c u l a t i o n  z o n e s  h a s  b e e n  c o m p l e t e d .  The primary o b j e c t i v e  of t h e  

s t u d y  was t o  t r y  t o  i d e n t i f y  o n e  or more parameters t h a t  c o u l d  b e  used  
t o  p red ic t  w i t h  a h i g h  d e g r e e  of a c c u r a c y  t h o s e  z o n e s  where  l o s t  
c i r c u l a t i o n  would be e x p e c t e d  t o  o c c u r .  I n s u f f i c i e n t  d a t a  are  a v a i l -  
a b l e  t o  cor re la te  l o s t  c i r c u l a t i o n  w i t h  g e o l o g i c a l  s e q u e n c e .  The 
s t u d y  h a s  p o i n t e d  o u t  t h e  need  f o r  t oo l s  and f i e l d  tests t h a t  woul'd 
lead t o  t h e  c h a r a c t e r i z a t i o n  of these z o n e s .  

A n o t h e r  s t u d y  h a s  been  i n i t i a t e d  to  c a t a l o g  t h e  too ls  t h a t  c a n  be 

used  f o r  mapping l o s t  c i r c u l a t i o n  z o n e s  and to  assess t h e i r  perfor- 
mance p o t e n t i a l  u n d e r  h i g h - t e m p e r a t u r e  c o n d i t i o n s .  T h i s  s t u d y  w i l l  

i d e n t i f y  d e v e l o p m e n t  n e e d s  i n  t h i s  area.  

I n  a d d i t i o n ,  p r o v i s i o n s  are be ing  m a d e  f o r  l abora to ry  t e s t i n g  of 

commonly u s e d  l o s t  c i r c u l a t i o n  mater ia ls  u n d e r  h i g h - t e m p e r a t u r e  c o n d i -  
t i o n s .  The  cement  t e s t i n g  f a c i l i t y  is d e s i g n e d  to  accommodate l o s t  
c i r c u l a t i o n  mater ia ls .  S c r e e n i n g  tes ts  u s i n g  t h i s  f a c i l i t y  w i l l  
p r o v i d e  a bas i s  for  i n i t i a t i n g  deve lopmen t  of new l o s t  c i r c u l a t i o n  
c o n t r o l  mater ia l s ,  i f  needed .  

Advanced D r i l l i n g  Systems 

An i n d u s t r y - w i d e  workshop was s p o n s o r e d  by  DOE and S a n d i a  
N a t i o n a l  L a b o r a t o r i e s  i n  J a n u a r y  of 1 9 7 9  t o  d e f i n e  a n  a p p r o a c h  t o  
d e v e l o p i n g  an advanced  d r i l l i n g  s y s t e m  t h a t  would p r o v i d e  f o r  i n -  
creases i n  p e n e t r a t i o n  r a t e s  b y  f a c t o r s  of 5 t o  1 0  o v e r  t h o s e  c u r -  
r e n t l y  b e i n g  o b t a i n e d  w i t h  c o n v e n t i o n a l  r o t a r y  t e c h n i q u e s .  T h i s  

workshop recommended' t h a t  th ree  s y s t e m s  be i n v e s t i g a t e d .  T h e s e  

s y s t e m s  are:  (1) s y s t e m s  u s i n g  h igh-speed  downhole motors, ( 2 )  high-  

p r e s s u r e  j e t  d r i l l i n g  s y s t e m s ,  and  ( 3 )  p e r c u s s i o n  d r i l l i n g  s y s t e m s .  

The p r i m a r y .  l i m i t a t i o n  o n  t u r b o d r i l l  p e r f o r m a n c e  i n  t h e  g e o t h e r -  
m a l  e n v i r o n m e n t  i s  t h e  f a i l u r e  of t h e  b e a r i n g  and sea l  package  a t  h i g h  
t e m p e r a t u r e .  To a d d r e s s  t h i s  p rob lem,  a f a c i l i t y  fo r  t e s t i n g  downhole 
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motor b e a r i n g  and seal  p a c k a g e s  u n d e r  s i m u l a t e d  downhole  c o n d i t i o n s  
h a s  b e e n  c o m p l e t e d  a t  t h e  D r i l l i n g  R e s e a r c h  L a b o r a t o r y .  The f a c i l i t y  
permi ts  t h e  t e s t i n g  o f  c a n d i d a t e  b e a r i n g / s e a l  p a c k a g e s  w i t h  f u l l - s c a l e  
motors a t  s i m u l a t e d  downhole  c o n d i t i o n s  o f  3OOOC (572 'F)  a n d  3 4 . 5  MPa 

( 5 , 0 0 0  p s i ) .  Des ign  parameters i n c l u d e  a d i f f e r e n t i a l  p r e s s u r e  across 
t h e  b e a r i n g / s e a l  p a c k a g e  o f  0 t o  1 3 . 8  MPa ( 0  t o  2 ,000  p s i ) ,  a f l o w  
r a t e  of 0.006 t o  0.013 m / s  ( 1 0 0  t o  200 g a l / m i n ) ,  a r o t a t i o n a l  speed 

o f  1 0 0  t o  1 , 0 0 0  r p m ,  and a dynamic  load t o  267 ,000  kN ( 6 0 , 0 0 0  l b ) .  
The f a c i l i t y  is c u r r e n t l y  i n  u s e  i n  a p ro jec t  t o  improve  downhole  
motor b e a r i n g s  and  sea ls .  N e w  sea l  d e s i g n s  are b e i n g  d e v e l o p e d  w i t h  a 
g o a l  o f  a c h i e v i n g  a 200-hour l i f e t i m e  a t  a c i r c u l a t i n g  t e m p e r a t u r e  o f  
125OC (257OF).  To d a t e ,  a 45-hour  sea l  l i f e t i m e  h a s  b e e n  o b t a i n e d  
w i t h  e las tomeric  s ea l s .  C u r r e n t  e m p h a s i s  is  o n  metal-to-metal f a c e  
sea ls .  

3 

Work o n  h i g h - p r e s s u r e  j e t  d r i l l i n g  is  c e n t e r e d  a round  t h e  c o n c e p t  
o f  c a v i t a t i n g - j e t  n o z z l e s .  H y d r o n a u t i c s ,  I n c . ,  h a s  c o n d u c t e d  labora- 

t o r y  tes ts  t o  e s t a b l i s h  t h e  d e s i g n  parameters f o r  a c a v i t a t i n g - t y p e  
j e t  n o z z l e  u s i n g  d r i l l i n g  mud a s  a n  e r o s i o n  medium. The e x p e r i m e n t a l  
p rog ram e s t a b l i s h e d  t h e  f e a s i b i l i t y  o f  u t i l i z i n g  c a v i t a t i n g  j e t s  t o  
d r i l l  d e e p  h o l e s  f o r  g e o t h e r m a l  and  p e t r o l e u m  e x t r a c t i o n .  The r e s u l t s  
i n d i c a t e d  t h a t  c a v i t i e s  c a n  b e  formed u n d e r  h i g h  a m b i e n t  p r e s s u r e s .  
Once fo rmed ,  t h e s e  c a v i t i e s  h a v e  a r o c k  damage p o t e n t i a l  wh ich  i n -  
creases a s  t h e  t h i r d  power o f  b o r e h o l e  p r e s s u r e ,  and  r o c k - c u t t i n g  
r a t e s  i n c r e a s e  a p p r o x i m a t e l y  a s  t h e  t h i r d  power of n o z z l e  p r e s s u r e  
d r o p .  I t  was f u r t h e r  shown t h a t  t h e  u s e  o f  d r i l l i n g  mud imposes no 
a d v e r s e  e f f e c t s  upon j e t  p e r f o r m a n c e .  T h e s e  r e s u l t s  l e d  to  t h e  con-  
c l u s i o n  t h a t  c a v i t a t i n g  je ts  c a n  p o t e n t i a l l y  b e  used  i n  c o n j u n c t i o n  
w i t h  m e c h a n i c a l  b i t s  t o  d r i l l  deep h o l e s  a t  i n c r e a s e d  p e n e t r a t i o n  
r a t e s  w i t h  e x i s t i n g  r i g s  and h y d r a u l i c  e q u i p m e n t .  A f o l l o w - o n  p r o j e c t  
t o  opt imize c a v i t a t i n g - j e t  n o z z l e  d e s i g n  h a s  b e e n  i n i t i a t e d .  I n  a d d i -  
t i o n ,  a n  e n g i n e e r i n g  d e s i g n  s t u d y  h a s  been  i n i t i a t e d  on  a downhole  
i n t e n s i f i e r  t o  assess t h e  f e a s i b i l i t y  o f  u s i n g  t h i s  c o n c e p t  r a t h e r  
t h a n  h i g h - p r e s s u r e  s u r f a c e  e q u i p m e n t  to  s u p p l y  t h e  r e q u i r e d  p r e s s u r e .  

A systems s t u d y  to  assess t h e  o v e r a l l  c o s t / b e n e f i t  r a t i o  o f  h i g h -  
pressure j e t  d r i l l i n g  s y s t e m s  i s  a l so  u n d e r  way. 
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The scope of t h e  p e r c u s s i o n  d r i l l i n g  s y s t e m  e v a l u a t i o n  is 
c u r r e n t l y  l i m i t e d  t o  laboratory and f i e l d  t e s t i n g  of commercially 
a v a i l a b l e  hammers t o  d e t e r m i n e  p e r f o r m a n c e  parameters and  h igh -  

I 

t e m p e r a t u r e  f a i l u r e  modes. L a b o r a t o r y  t e s t s  to  e v a l u a t e  p e r c u s s i o n  
d r i l l i n g  equ ipmen t  h a v e  been  c o n d u c t e d .  The t e s t s  measured  p e n e t r a -  
t i o n  r a t e  and hammer l i f e  a t  t e m p e r a t u r e s  o f  177OC (350OF). The 
p e n e t r a t i o n  t e s t s  were c o n d u c t e d  i n  S ie r ra  w h i t e  g r a n i t e .  The t e s t s  
compared a c o n v e n t i o n a l  t r i c o n e  i n s e r t  b i t  w i t h o u t  hammer, t w o  " o i l  
f i e l d "  hammers w i t h  t h e  same t r i c o n e  b i t ,  and t h r e e  d i f f e r e n t  " i n d u s -  
t r i a l "  hammers w i t h  s o l i d  b i t s .  The o i l  f i e l d  hammers d r i l l e d  f a s t e r  
t h a n  t h e  c o n v e n t i o n a l  r o t a r y  e q u i p m e n t ,  p a r t i c u l a r l y  a t  l o w  b i t  
w e i g h t s ,  and t h e  hammers w i t h  s o l i d  b i t s  d r i l l e d  21 .3  m/h ( 7 0  f t / h ) ,  
much f a s t e r  t h a n  c o n v e n t i o n a l  r o t a r y  equ ipmen t  o p e r a t i n g  a t  r e a l i s t i c  
l o a d .  The i n d u s t r i a l  hammers were r u n  a t  177OC (350OF) and d i d  n o t  
s u r v i v e  an  hour  o f  d r i l l i n g  a t  t h i s  t e m p e r a t u r e .  The f a i l u r e  modes 
i n v o l v e d  p l a s t i c  p a r t s  i n  t h e  hammers '  a i r  v a l v i n g  mechanisms,  and  
these pa r t s  are  c u r r e n t l y  b e i n g  r e d e s i g n e d  i n  metal f o r  f u r t h e r  
t e s t i n g .  

S u p p o r t i n g  T e c h n o l o g y  

A compute r  model,  GEOTEMP, f o r  p r e d i c t i n g  t h e  t e m p e r a t u r e s  o f  
borehole f l u i d s  and  downhole equ ipmen t  u n d e r  real-time, f l o w i n g  c o n d i -  
t i o n s  h a s  been  f o r m u l a t e d ,  documented ,  and v e r i f i e d .  The model ana-  
l y z e s  s i n g l e - p h a s e  f l o w  d u r i n g  d r i l l i n g ,  p r o d u c t i o n ,  o r  i n j e c t i o n .  
The u n d i s t u r b e d  geothermal t e m p e r a t u r e  g r a d i e n t  mus t  b e  s p e c i f i e d .  
V a l i d a t i o n  of t h e  model i n v o l v e d  c o m p a r i s o n  o f  compute r  p r e d i c t i o n s  
w i t h  a c t u a l  f i e l d  measurements  o f  t e m p e r a t u r e  i n  o i l ,  g a s ,  and  geo- 
thermal wells. The model i s  now c o m m e r c i a l l y  a v a i l a b l e  and i s  b e i n g  
u s e d  by  s e v e r a l  p r i v a t e  compan ies .  The model is  b e i n g  m o d i f i e d  t o  
p r e d i c t  t e m p e r a t u r e s  f o r  s i n g l e - p h a s e ,  compressible f l o w  u n d e r  t r a n -  
s i e n t  wellbore c o n d i t i o n s .  

Development  of a n  o p e r a t i o n s - b a s e d  model f o r  a n a l y z i n g  t h e  

e f f e c t s  of improved t e c h n o l o g y  o n  w e l l  costs h a s  b e e n  completed. The  

model  h a s  been  used  to  p r e d i c t  t h e  p e r c e n t a g e  r e d u c t i o n  i n  w e l l  cost  



o b t a i n a b l e  w i t h  improved p e n e t r a t i o n  ra tes .  O t h e r  t e c h n o l o g i c a l  
improvements  are c u r r e n t l y  b e i n g  e v a l u a t e d  by  u s e  o f  t h e  model .  

C o r r o s i o n  f a t i g u e  s t u d i e s  o f  c o n v e n t i o n a l  d r i l l  p ipe s t e e l s  and  
o f  new d u a l - p h a s e  s t e e l s  i n  a n  H 2 S  e n v i r o n m e n t  a re  i n  p r o g r e s s  w i t h  
t h e  o b j e c t i v e  o f  i d e n t i f y i n g  a l l o y  c o m p o s i t i o n s  t h a t  min imize  corro- 
s i o n  i n  t h e  g e o t h e r m a l  e n v i r o n m e n t .  

A l a b o r a t o r y  f a c i l i t y  u s i n g  f l o w  v i s u a l i z a t i o n  t e c h n i q u e s  f o r  
o p t i m i z i n g  d r i l l  b i t  h y d r a u l i c s  h a s  b e e n  d e s i g n e d  and f a b r i c a t e d .  
E x p e r i m e n t s  w i l l  b e  i n i t i a t e d  i n  FY 1981. 

A c o m p u t e r  model f o r  c a l c u l a t i n g  t h e  stresses i n d u c e d  i n  d r a g -  
t y p e  c u t t e r s  and f o r  mode l ing  t h e  t o o l / r o c k  i n t e r a c t i o n  h a s  been  
d e v e l o p e d  and a p p l i e d  t o  t h e  u s e  o f  PDC c u t t e r s .  The model is  a 
f i n i t e  e l e m e n t  c o d e  c a l l e d  TOODY, which  h a s  been  used  e x t e n s i v e l y  i n  
p r e d i c t i n g  s h o c k  wave p r o p a g a t i o n .  U s e  o f  t h e  c o d e  i s  c o n t i n u i n g  f o r  
c a l c u l a t i n g  tool f o r c e s  as a f u n c t i o n  o f  r a k e  a n g l e  and r o c k  t y p e .  

R e  f e re  nc e 

1. Varnado,  S. G . ,  "Report o f  t h e  Workshop on  Advanced Geo the rma l  
D r i l l i n g  and Comple t ion  Sys t ems  ," S a n d i a  Laboratories Report  N o .  

SAND79-1195, J u n e  1979.  
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