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A C K N O W L E D G M E N T  

T h e  a u t h o r s  g r a t e f u l l y  a c k n o w l e d g e  t h e  e f f o r t s  a n d  
p a r t i c i p a t i o n  o f  m a n y  i n d i v i d u a l s  in t h i s  study. T h e  
t i m e  a n d  i n t e r e s t  of in d u s t r y  personnel in c o n t r i b u t i n g  o f  
t h e i r  i d e a s  a n d  e x p e r i e n c e  is p a r t i c u l a r l y  a p p r e c i a t e d .  
W h i l e  t h e s e  p e o p l e  a r e  t o o  n u m e r o u s  to list t h e  h e l p  o f  
W i l l i a m  G l a s s  (Big C h i e f  Drilling), S t a n  H u t c h i n s o n  
(Chevron), J i m  K i n g s o l v e r  (Smith), H a r v e y  Mal lory (Loffland), 
a n d  Del P y l e  (Union) is e s p e c i a l l y  a c k n o w l e d g e d .  W e  a l s o  
a p p r e c i a t e  t h e  a s s i s t a n c e  o f  J o h n  T h u r e n  o f  t h e  U n i v e r s i t y  
o f  O k l a h o m a  in i n t e r v i e w i n g  m a n y  o f  t h e  industry personnel 
a n d  in c o n d u c t i n g  t h e  r e s o u r c e  i n t e r v i e w s  w i t h  a c a d e m i c  
authorities. 

M a n u f a c t u r e r s  a n d  m a r k e t e r s  of f o a m  m a t e r i a l s  g e n e r o u s l y  
s u p p l i e d  s a m p l e s  a n d  t e c h n i c a l  c o u n s e l  o n  t h e i r  m a t e r i a l s .  
Their h e l p  e n a b l e d  t h e  t e s t i n g  p o r t i o n  of t h i s  s t u d y  to be 

s u c c e s s f u l  a n d  productive. 

T h e  a u t h o r s  a p p r e c i a t e  t h e  s u p p o r t  a n d  a s s i s t a n c e  o f  
S a m  V a r n a d o ,  m a n a g e r  o f  t h e  S a n d i a  G e o t h e r m a l  Well T e c h n o l o g y  
P r o g r a m ,  a n d  J o n  B a r n e t t e ,  p r o j e c t  l e a d e r  of t h e  d r i l l i n g  
t e c h n o l o g y  e f f o r t s  in t h i s  program. 

F i n a l l y ,  t h e  i n t e r e s t  and e f f o r t s  o f  C l i f f  C a r w i l e  o f  

t h e  D e p a r t m e n t  o f  E n e r g y ,  D i v i s i o n  o f  G e o t h e r m a l  E n e r g y ,  
1s g r a t e f u l l y  a c k n o w l e d g e d .  For u n d e r  s u c h  l e a d e r s h i p  i t  

Is b e l i e v e d  t h a t  t e c h n o l o g y  f o r  bet.er a n d  c h e a p e r  g e o t h e r m a l  
d r i l l i n g  will b e  d e v e l o p e d .  





ABSTRACT 

This report, prepared at the request and under 
contract to Sandia Laboratories, addresses the use of 
foam drilling fluids in geothermal applications. The 
initial three chapters provide a description o f  foams--what 
they are, how they are used, their properties, equipment 
required to use them, the advantages and disadvantages o f  

foams, etc. 

Geothermal applications a r e  discussed. Results 
of industry interviews presented indicate significant 
potential for foams, b u t  a l s o  indicate significant tech- 
nical problems to be solved to achieve this potential. 
Testing procedures and results of tests on represenative 
foams provide a basis for work to develop high-temperature 
foams. A seven year directed effort to develop the needed 
materials and equipment i s  presented. 
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SUMMARY 

L3 

Problems resulting from inadequate d r i l l i n g  fluids are 
E 

the most frequently quoted reason for h i g h  geothermal d r i l l -  
ing costs. Severe corrosion and erosion are common when 
a i r  d r i l l i n g ;  yet slow d r i l l i n g  rates, filtration control o r  

loss of circulation, and mud gelati,on often occur when using 
muds. In order to ascertain how d r i l l i n g  foams m i g h t  be 
utilized in geothermal d r i l l i n g  to solve some of these pro- 
blems (hence reducing geothermal well costs) Sandia Laboratories 
contacted with Maurer Engineering to evaluate d r i l l i n g  foams 
for geothermal applications and to recommend a program for 
developing geothermal d r i l l i n g  foams. 

Drilling foams are potentially applicable in air d r i l l i n g  
situations namely where well control is not a problem. Foams 
offer advantages over air in their increased l i f t i n g  capacity, 
reduced compression requirements, higher bottom hole densities, 
and improved borehole stabilization. A broad survey of 
industry personnel indicates t h a t  geothermal d r i l l i n g  could 
use foams u p  to 80% of the time. Use of foams could increase 
d r i l l i n g  rate, decrease downtime, decrease corrosion/erosion 
e f f e c t s ,  help control lost circulation, and help alleviate 
other geothermal d r i l l i n g  problems. Yet many technical pro- 
blems must be overcome to accomplish these things. 

Temperature and salt stable foams must be developed. 
Handling equipment must be improved including developing 

- processes for breaking, cleaning, and reusing foam materials. 

11 



Corrosion characteristics must be improved through the use 
of inert gases or chemical additives, and other technical 
problems must be addressed. Results of t h i s  s t u d y  also 
indiates that wide use of foams will require informing 
operators and contractors about foams a n d  their use and 
will require much greater availablility of equipment t h a n  
present. 

Numerous laboratory procedures were considered for 
testing foams; all have some usefullness, yet all have 
limitations. Probably the single most descriptive test is 
a modified Chevron test after high-temperature static aging. 
Although present procedures are useful screening tools 
better test equipment and procedures (such as a high- 
temperature flow simulator f o r  f o a m s )  should b e  developed. 
Test of representative foams give insight into anticipated 
behavior o f  families of materials and the performance which 
can be expected from field drilling foams. These tests 
indicate t h a t  completely new materials will have to be de- 
veloped in order to satisfy geothermal applications. 

A proposed program for developing geothermal d r i l l i n g  
foams recommends a 7-year development period with expenditures 
anticipated at $1.9 million. Technical goals should be 
achievable in 5-years with remaining 2-years to complete 
testing, demonstration, a n d  technology transfer. I t  i s  

anticipated that s i g n i f i c a n t  industry cost s h a r i n g  will 
augment the $1.9 million of DOE funds. 

u 
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CONCLUSIONS A N D  RECOMMENDATIONS 

The following is a n  enumeration of conclusions regard- 
ing geothermal d r i l l i n g  foams. These conclusions are based 
on 1 )  extensive discussions with geothermal d r i l l i n g  a n d  
operating personnel, 2) literature review, 3 )  testing of 
candidate materials, 4) recommendations of manufacturers 
and suppliers, and 5) consultation with academic authorities. 

The major conclusions are: 

- There are severe technical problems with geothermal 
d r i l l i n g  foams relating stability, contamination, 
handling a n d  costs. 

well costs, saving from $30,000 to $300,000 per well. 
- Improved foams can have major impact on geothermal 

- A major federal initiative is needed to develop 
the required technolqgy. This r o l e  Is strongly 
urged and supported by  industry. 

Detailed conclusions drawn a n d  supported by t h i s  study are 
below: 

Applicability o f  Geothermal Foams 

1. Foams would be used in u p  to 80% of geothermal 
d r i l l i n g  if technical problems wfth foams can 
be solved. 

following important problems. 
A .  Corrosion/Erosion 
B .  M u d  Gelation 
C. Filtration Control/Formation Damage 
0. Lost Circulation 
E. H i g h  M u d  Maintenance Costs 

procedures. 

geotherma well c o s t  from 3 to 30%. 

2. Foams potentially could solve or alleviate the 

3. Foams will be excellent for cementing and workover 

4. Conservat vely estimated, foams can reduce overall 

13 



4. Reduced f i s h i n g ,  p r e s e n t l y  a v e r a g i n g  ( w i t h  a i r  
d r i l l i n g )  4 jobs/rig/year a t  $ 2 5 0 , 0 0 0  /job. 
E s t i m a t e d  s a v i n g s  $100,000-$200,00 pe r  well. 

5. improved d r i l l i n g  r a t e  $20,000-$30,000 p e r  well 
s a v i n g  in rig time. 

T o t a l  e c o n o m i c  b e n e f i t s  r a n g e  f r o m  $30,000 t o  $300,000 
p e r  well, or a p p r o x i m a t e l y  3% t o  30% of total well costs. 

T e s t i n g  

1. N u m e r o u s  lab t e s t s  a r e  available. M o s t  d e f i n i t i v e  
in c o m m o n  u s e  is a t e s t  d e v e l o p e d  by C h e v r o n  and 
m o d i f i e d  s l i g h t l y  t o  include C h e v r o n  s t a t i c  h i g h -  
t e m p e r a t u r e  aging. 

2. Improved lab p r o c e d u r e s  a r e  needed. In p a r t i c u l a r  
a flow loop f o r  t e s t i n g  f o a m s  s h o u l d  b e  d e v e l o p e d .  

3. A c a t a l o g  of f o a m s  g i v i n g  c o m p o s i t i o n  and lab 
p e r f o r m a n c e  s h o u l d  b e  d e v e l o p e d .  

4. A f i e l d  t e s t  f a c i l i t y  is needed. 
5. H i g h - t e m p e r a t u r e  p e r f o r m a n c e  of f o a m s  is - n o t  

p r e d i c t a b l e  f r o m  l o w - t e m p e r a t u r e  p e r f o r m a n c e .  

D e v e l o p m e n t  P r o g r a m  

1. A m a j o r i t y  of i n t e r v i e w e e s  s t r o n g l y  s u p p o r t e d  
federal R&D e f f o r t  t o  d e v e l o p  f o a m  f l u i d s  f o r  
g e o t h e r m a l  drilling. 

p r o b l e m s  a r e  g r e a t  a n d  a p r o g r a m  s h o u l d  b e  
initiated immediately. 

3. T o t a l  p r o g r a m  c o s t  is e s t i m a t e d  t o  b e  $1.9 mi l l i o n .  
D e v e l o p m e n t  t i m e  t o t a l s  7 - y e a r s  w i t h  all m a j o r  
g o a l s  e x p e c t e d  t o  b e  a c h i e v e d  in 5-years. 

a s s u r e  i m p l e m e n t a t i o n  of ac c o m p l i s h m e n t s .  

2. B e n e f i t s  f r o m  e v e n  a partial s o l u t i o n  t o  t h e  

4. T e c h n o l o g y  t r a n s f e r  s h o u l d  b e  a m a j o r  e f f o r t  t o  

L 
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T e c h n i c a l  Prob lems 

1 .  

2 .  

3 .  

4. 

5. 

6. 

7. 

8. 

P r e s e n t  foams a r e  n o t  s t a b l e  under  a r a n g e  o f  
t e m p e r a t u r e ,  p r e s s u r e ,  and s a l i n i t y  o f  c o n d i t i o n s .  

A. pH can s u d d e n l y  change w i t h  t h e r m a l  

B .  Foam q u a l i t y  ( a i r / w a t e r  r a t i o )  can  be s e r i o u s l y  

d e g r a d a t i o n  

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

Foams b u i l t  w i t h  a i r  a r e  c o r r o s i v e .  An esonomic 
method o f  b u i l d i n g  foams w i t h  i n e r t  gas must be 
found.  S t a b l e ,  economic chemica l  c o r r o s i o n  
i n h i b i t o r s  may s o l v e  n e a r - t e r m  p rob lems .  

Systems t o  b r e a k ,  c l e a n ,  and r e u s e  foam m a t e r i a l s  
must  be deve loped  f o r  foams t o  be economic and t o  
a v o i d  d i s p o s a l _  p rob lems.  

B o r e h o l e  s t a b i l i t y  i s  a m a j o r  p rob lem.  Methods 
o f  p r e d i c t i o n  and c o n t r o l  must  be deve loped .  

B i t  l i f e  w i t h  foams i s  l ow  and b i t  c l e a n i n g  i s  
n o t  as good as w i t h  a i r  o r  mud. 

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

Foam q u a l i t y ,  d e n s i t y ,  and c a r r y i n g  c a p a c i t y  v a r y  
w i t h  d e p t h ;  p r e d i c t i v e  methods a r e  n o t  good. 

Impact  o f  l o w  t h e r m a l  c o n d u c t i v i t y  and l o w  h e a t  
c a p a c i t y  o f  foams ( a l l o w i n g  h i g h e r  b o r e h o l e  tem- 
p e r a t u r e  d u r i n g  d r i l l i n g )  i s  unknown. 

Economic B e n e f i t s  

1. Reduced equ ipment  c0st .s  o v e r  a i r  d r i l l i n g ;  p o s s i b l e  
s a v i n g s  o f  $1,500-$2,000 /day  ($50,000-$100,000 p e r  
we1 I). 

2. Reduced d r i l l  p i p e  c o r r o s i o n / e r o s l o n  a l l o w i n g  e s t i -  
mated 4 0 - f o l d  improvements i n  d r i l l  p i p e  l i f e .  
E s t i m a t e d  s a v i n g s  o f  $30,000-$40,000 p e r  w e l l .  

3 .  Reduced h a r d  b a n d i n g  c o s t s  and p i p e  i n s p e c t i o n  
c o s t s  s a v i n g  $2,000-$4,000 p e r  w e l l .  

. 
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I I N T R O D U C T I O N  

D r i l l i n g  w i t h  a i r  i n s t e a d  o f  mud a s  a c i r c u l a t i n g  f l u i d  

was f i r s t  used i n  t h e  o i l  f i e l d s  i n  t h e  1930 's .  I n  some 

s h a l l o w  d r i l l i n g  i n  h a r d  d r y  r o c k ,  a i r  d r i l l i n g  worked w e l l  

and d r i l l e d  f a s t e r  t h a n  mud. I n  o t h e r  a r e a s ,  a i r  d r i l l i n g  

was s e v e r e l y  l i m i t e d  because o f  l a r g e  i n f l u x e s  o f  f o r m a t i o n  

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

p rob lems .  

The o b v i o u s  approach  t o  t h i s  w a s  t o  combine a i r  and 

d r i l l i n g  mud i n t o  a e r a t e d  mud. T h i s  was done as e a r l y  as 

t h e  l a t e  1940 's  b u t  u s u a l l y  t h e  r e s u l t s  were d i s a p p o i n t i n g .  

The foam was g e n e r a l l y  t o o  e x p e n s i v e ,  and t h e  sys tem t o o  

u n s t a b l e .  N e v e r t h e l e s s ,  s i n c e  t h a t  t i m e  t h e r e  has been 

c o n s i d e r a b l e  w o r k  done w i t h  a e r a t e d  muds, and g i v e n  c l o s e  

s u p e r v i s i o n  under  t h e  p r o p e r  h o l e  c o n d i t i o n s  t h e y  have p e r -  

f o rmed  w e l l  i n  many a r e a s .  

AEC S t i f f  Foams 

A m a j o r  deve lopment  i n  t h e  use  o f  foams was made i n  1965 
b y  t h e  A.E.C. o n  t h e i r  t e s t  s i t e s  a t  Frenchman's  F l a t  and 

P i u t e  Mesa, Nevada. I n  t h i s  a r e a  t h e  r h y o l i t e  r o c k  o f  t h e  

t e s t  s i t e s  had been p u l v e r i z e d  by t h e  shock o f  t h e  e x p l o s i o n s  

o r  was e x t e n s i v e l y  f r a c t u r e d .  D r i l l i n g  muds caused l o s t  r e t u r n s ,  

y e t  t h e r e  was t o o  much w a t e r  i n  t h e  r o c k  f o r  a i r  d r i l l i n g .  

A l s o ,  t h e  p u l v e r i z e d  r o c k  caved i n t o  t h e  h o l e  when d r i l l i n g  

w i t h  a i r .  

Faced w i t h  t h i s  p rob lem,  t h e  t e s t  s i t e  e n g i n e e r s  de-  

v e l o p e d  t h e  " s t i f f  foam" d r i l l i n g  f l u i d .  The m a t e r i a l  was a 

d r i l l i n g  mud w h i c h  c o n t a i n e d  a l a r g e  q u a n t i t y  o f  e n t r a i n e d  

a i r .  The r e s u l t i n g  m i x t u r e  l o o k e d  l i k e  a e r o s o l  s h a v i n g  foam, 

17 



b u t  was very stable and persistent a s  shown in Figure 1. 1 .  
I t  had good l i f t i n g  capacity, was lighter than water and 
helped support the walls of the hole. 

'I .. 

Figure 1.1. Stiff foam coming from bloole line. 
Notice the barrel in the foreground 
showing shaving cream like 
consistency (Anderson). 

The system was stable enough t o  prevent formation fluids 
from flowing into the wellbore and yet not lose circulation. 
The only problem encountered was that the foam was so stable 

18 
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t h a t  i t  c o u l d  n o t  be b r o k e n  and reused.  I n  f a c t ,  f i v e  

y e a r s  l a t e r  t h e  p i t s  o f  used foam were s t i l l  t o o  wet  t o  

c o v e r  as  shown i n  F i g u r e  1 .2 .  

F i g u r e  1.2. The S t a b i l i z i n g  and P e r s i s t e n t  E f f e c t  o f  
t h e  B e n t o n i t e  i n  S t i f f  Foam D i s c a r d s .  

D e p l e t e d  R e s e r v o i r s  

S i n c e  foams e x e r t  l e s s  b o t t o m - h o l e  p r e s s u r e  t h a n  w a t e r ,  

t h e y  make e x c e l l e n t  f l u i d s  f o r  d r i l l i n g  d e p l e t e d  r e s e r v o i r s  

f o r  secondary  and t e r t i a r y  r e c o v e r y .  S t a n d a r d  O i l  o f  

C a l i f o r n i a  uses  them i n  t h e  w o r k o v e r  and r e c o m p l e t i o n  o f  t h e  

" H u f f  and P u f f "  s-team f l o o d i n g  o f  t h e  T a f t  F i e l d  as w e l l  as  

I n  o t h e r  ' C a l i f o r n i a  f i e l d s .  The f l u i d  p r e s s u r e s  i n  t h e s e  

d e p l e t e d  f i e l d s  a r e  v e r y  low ( F i g u r e  1 . 3 ) .  

19 



I Foam recornplctions and new wells 

F i g u r e  1.3. E f f e c t i v e n e s s  o f  F o a m  a s  a W o r k o v e r  a n d  
D r i l l i n g  F l u i d  (Hutchinson). 

1 S t i f f  f p a m  is c o m m o n l y  u s e d  in h i g h  m e s a  o r  m o u n t a i n  
I c o u n t r y  w h e r e  lost c i r c u l a t i o n  is a s e r i o u s  problem. A 

l a r g e  s t i f f  f o a m  p r o j e c t  is o p e r a t e d  by t h e  I t a l i a n  N a t i o n a l  
Oil C o m p a n y  ( A C I P )  in t h e  f o l d e d  z o n e  o f  t h e  Z a r g o s  M o u n t a i n s  
in Iran. T h e  m i x t u r e s  a n d  t e c h n i q u e s  t h e y  u s e  a r e  s i m i l a r  
t o  t h o s e  u s e d  by t h e  A . E . C .  ( F i g u r e  1.4). 

Y 
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c d 

F i g u r e  1.4. Air/Mud R a t i o s  o n  F o a m  used by 
A G l P  in Iran (Garavini). 

O n e  c o m m o n  u s e  o f  f o a m s  i s  in d r i l l i n g  v e r y  l a r g e  m i n e  
s h a f t s  b e c a u s e  o f  its h i g h  lifting capacity. 

P e r m a f r o s t  D r i l l i n g  
\ 

P r o b a b l y  t h e  m o s t  u n i q u e  u s e  of s t i f f  f o a m  h a s  b e e n  
t o  d r i l l  g a u g e  h o l e  t h r o u g h  t h e  p e r m a f r o s t  o n  t h e  N o r t h  
S l o p e  o f  A l a s k a  ( F i g u r e  1.5). In t h i s  a p p l i c a t i o n ,  t h e  
i n s u l a t i n g  p r o p e r t i e s  o f  t h e  f o a m  a r e  p a r t i c u l a r l y  helpful. 

21 
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F i g u r e  1.5. F r o z e n  foam p i l e s  up i n  t h e  sump. The 1 2 - i n c h  
b l o o i e  l i n e  was f r o z e n  i n t e r n a l l y  t o  an 
e f f e c t i v e  d i a m e t e r  o f  o n l y  3 - i n c h e s  ( A n d e r s o n ) .  

F r a c t u r i n g  and C o m p l e t i o n s  

As a c o m p l e t i o n  and w o r k o v e r  f l u i d  t h e  l i f t i n g  c a p a c i t y  

o f  t h e  foam i n  l a m i n a r  f l o w  i s  v e r y  h i g h .  T h i s  a l l o w s  t h e  

l a r g e  f r a g m e n t s  o f  r o c k  and w a s t e  t o  be c i r c u l a t e d  up t o  t h e  

s u r f a c e  w i t h  a l ow  c i r c u l a t i o n  r a t e  and hence a l o w  back  

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

The n e t  e f f e c t  o f  t h i s  has been t h a t  l e s s  f l u i d  was p u t  back  

i n t o  t h e  r e s e r v o i r  r o c k  and so  t h e r e  i s  a s i g n i f i c a n t  r e d u c t i o n  

i n  s k i n  damage. hpy: 
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F o a m  m i x t u r e s  h a v e  a l s o  b e e n  used a s  f r a c t u r i n g  a g e n t s  
b e c a u s e  o f  t h e  h i g h  lifting c a p a c i t y  but a l s o  b e c a u s e  of t h e  
s t o r e d  e n e r g y  in t h e  fluid. T h e  f o a m  e x p a n d s  a f t e r  t h e  f r a c i n g  
t r e a t m e n t  a n d  u n l o a d s  t h e  hole w i t h o u t  s w a b b i n g  o r  pumping. 

G e o t h e r m a l  A p p l i c a t i o n  

P o t e n t i a l l y  f o a m s  c o u l d  b e  used in m a n y  g e o t h e r m a l  
a p p l i c a t i o n s .  In f a c t  they a r e  n o t  c o m m o n l y  u s e d ,  p r i m a r i l y  
b e c a u s e  of 1 )  c l e a n i n g  a n d  d i s p o s a l  p r o b l e m s ,  a n d  2) c o r r o s i o n .  
The i n a b i l i t y  t o  break, c l e a n ,  and r e u s e  f o a m s  s i g n i f i c a n t l y  
i n c r e a s e s  m a t e r i a l  costs. 

S e v e r a l  c o m p a n i e s ,  p a r t i c u l a r l y  U n i o n  a n d  C h e v r o n ,  
h a v e  s t u d i e d  f o a m s  and h a v e  c o n t i n u i n g  p r o j e c t s  t o  d e v e l o p  
m a t e r i a l s ,  p r o c e d u r e s ,  a n d  e q u i p m e n t  f o r  u t i l i z i n g  f o a m s  in 
h i g h - t e m p e r a t u r e  a p p l i c a t i o n s .  





LiJ 

s 

4 

c 

I1 R E V I E W  OF FOAM DRILLING 

Foam d r i l l i n g  uses a d r i l l i n g  f l u i d  t h a t  resemb les  foamed 

s h a v i n g  cream. The foam i s  made up a t  t h e  s u r f a c e  by i n j e c t -  

i n g  a n o n i o n i c  foaming agen t  i n t o  a w a t e r  t h a t  has been t r e a t e d  

w i t h  l i m e  and c o r r o s i o n  i n h i b i t o r s  The m i x t u r e  as i t  i s  

pumped down t h e  h o l e  by t h e  mud pump i s  a nonfoamed w a t e r .  

When t h e  m i x t u r e  passes t h r o u g h  t h e  b i t  j e t s ,  i t  s t a r t s  t o  

expand. The e x p a n s i o n  i s  governed by t h e  downhole p r e s s u r e  

and a t  t h e  b i t ,  t h e  foam i s  e s s e n t i a l l y  w a t e r .  A t  t h e  s u r f a c e ,  

t h e  foam i s  f u l l y  expanded and c o n t a i n s  90% t o  95% a i r  and 5% 
t o  10% w a t e r .  Most  o f  t h e  e x p a n s i o n  t a k e s  p l a c e  i n  t h e  upper  

500'  t o  1,000' o f  t h e  h o l e .  

The advan tage  o f  foam d r i l l i n g  i s  t h a t  i t  p roduces  a 

d r i l l i n g  f l u i d  co lumn w i t h  a v a r i a b l e  d e n s i t y  t h a t  can be 

a d j u s t e d  s o  as t o  c o n t r o l  w a t e r  i n f l u x  w h i l e  a v o i d i n g  l o s t  

r e t u r n s .  The d e n s i t y  e f f e c t s  a r e  shown i n  F i g u r e  2.1-  

I I  Dep th  P r e s s u r e  
( f e e t )  ( p s i g )  

0 0 

1,000 130 
2,000 420  

3 , 0 0 0  780 
4,000 1,160 

5,000 1,560 

F i g u r e  2.1. T y p i c a l  Foam D r i l l i n g  Column 
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Another advantage of foam is that is provides a method 
of supporting the wall of the hole and significantly reduces 
sloughing of the hole. Under some conditions other additives 
can be p u t  in the foam mixture that chemically helps reduce 
shale disintegration. These materials are often salts o f  

potassium. The effective viscosity of the foam in the annulus 
is so high that the foam has an excellent lifting capacity 
and efficiently cleans the hole. 

Foam used in Alaska to d r i l l  the permafrost has provided 
an excellent insulating effect. I t  m i g h t  be postulated t h a t  
in very hot holes, the insulating effect of the foam m i g h t  
tend to stabilize the mixture against high-temperature effects 
and thus reduce the problem of d r i l l i n g  in a very hot environment. 

Foam Composition 

"STIFF FOAM" is a mixture of water, bentonite, 
carboxymethyl cellulose, and foaming agent. The general com- 
positions are: 

Fresh Water 

Water 
Ben ton i te 
CMC 
Soda Ash 
Foamer 

Water 
Asbestos Fiber 

CYPan 
Soda Ash 
Foamer 

c 

41 gal 
12 #/bbl 

1 / 2  #bbl 
cost 

$6.00 /bbl 

- 
1 #/bbl 

1/2 gallon foamer 

Salt Water 

41 gal 
10 #/bbl 
1 #/bbl 
1 #/bbl 

u2- &-Ion 

cost - 
$10.00 /bbl 
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The E f f e c t  o f  Foam 

The p r o b l e m  o f  f r a c t u r e  p r e s s u r e s  and l o s t  c i r c u l a t i o n  

mandates t h a t  t h e  d e n s i t y  o f  t h e  d r i l l i n g  f l u i d  be v a r i a b l e .  

I n  t h e  no rma l  case  o f  d r i l l i n g  f l u i d s  t h a t  a r e  h e a v i e r  t h a n  

w a t e r ,  t h e  w e i g h t  o f  t h e  f l u i d  can be reduced  and c a s i n g  s e t  

t o  p r o t e c t  l o w  p r e s s u r e  zones t h a t  w i l l  cause l o s t  c i r c u l a t i o n .  

l n  t h e  more f r a c t u r e d  r o c k s  and i n  a r e a s  o f  l o w  w a t e r  t a b l e s  

t h e  a v e r a g e  d e n s i t y  o f  t h e  d r i l l i n g  f l u i d  co lumn must be l e s s  

t h a n  w a t e r  t o  a v o i d  l o s t  r e t u r n s .  A i r  d r i l l i n g  i s  t h e  i d e a l  

s o l u t i o n  where w a t e r  i n f l u x  o r  a n - u n s t a b l e  w e l l b o r e  does n o t  

p r e c l u d e  i t s  use.  M i s t  d r i l l i n g ,  t h e  a d d i t i o n  o f  some w a t e r  

and d e t e r g e n t  t o  t h e  a i r  s t r e a m  e x t e n d s  t h e  use  o f  a i r  i n t o  

damp f o r m a t i o n s ,  b u t  i s  n o t  e f f e c t i v e  when w a t e r  i n f l u x  r i s e s  

much above 10 g a l l o n s  p e r  m i n u t e ,  e s p e c i a l l y  when t h e  f o r m a t i o n s  

a r e  s e n s i t i v e  t o  w a t e r  w e t t i n g .  
< 

Foam p r o v i d e s  an i d e a l  s o l u t i o n  i n  t h e  a r e a  o f  w a t e r  

i n f l u x  and s e n s i t i v e  f o r m a t i o n s  s i n c e  t h e  foam co lumn p r o v i d e s  

a v a r i a b l e  d e n s i t y  t h a t  can be c o n t r o l l e d  by t h e  a i r  i n j e c t i o n  

r a t e  o r  t h e  b a c k p r e s s u r e  on t h e  h o l e .  

D e s i g n i n g  t h e  D r i l l i n g  F l u i d  

I t  i s  w o r t h w h i l e  t o  e x p l a i n  and d e f i n e  t h e  e f f e c t  o f  

foam i n  t h e  h o l e .  The foamed m i x t u r e  c o n t a l n s  5 t o  10% 

d r i l l i n g  w a t e r  and 90 t o  95% a i r  a t  t h e  s u r f a c e .  The t o t a l  

amount o f  w a t e r  t h a t  i s  used depends upon t h e  amount o f  

w a t e r  r e q u i r e d  t o  c l e a n  t h e  b i t  because be low a b o u t  1,500' 

t h e  a i r  i s  compressed t o  t h e  p o i n t  where t h e  a i r  vo lume i s  

l e s s  t h a n  o n e - t e n t h  t h e  s u r f a c e  volume. 

T h e r e f o r e ,  t h e  f i r s t  d e s i g n  p a r a m e t e r  f o r  foam i s  t h e  

amount o f  f l u i d  r e q u i r e d  t o  c l e a n  t h e  b i t .  T h i s  depends upon 
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t h e  r o c k  d r i l l e d ,  t h e  d r i l l i n g  r a t e ,  and t h e  h o l e  s i z e ,  I n  

a 7-7/81'  h o l e  d r i l l e d  i n  sands tone  a t  10 m i n l f t  t h e  volume 

o f  w a t e r  r e q u i r e d  wou ld  app roach  200 gpm. There  i s  no 

commonly a c c e p t e d  t e r m  t o  d e v e l o p  t h e s e  f l u i d  volumes. 

The second d e s i g n  pa ramete r  f o r  foam i s  t h e  r e d u c t i o n  i n  

h y d r o s t a t i c  head r e q u i r e d ,  The r e d u c t i o n  i n  h y d r o s t a t i c  head 

o f  foam f o l l o w s  t h e  e q u a t i o n ' :  

= L [ p  + * I n  (p+e)~ 
P 100-n D h 

where  

h = d e p t h ,  f t  
D = h y d r o s t a t i c  p r e s s u r e ,  p s i ,  o f  a co lumn 

P = p r e s s u r e  i n  a tmosphe ies  a t  d e p t h  h due t o  

p = b a c k  p r e s s u r e  a t  w e l l h e a d ,  a tmosphere  

n - =  f r a c t i o n  by vo lume o f  gas i n  mud a t  loo w e l l h e a d  a t  back  p r e s s u r e  p 

o f  f l u i d  one f o o t  h i g h  w i t h  no a i r  i n  i t  

mud co lumn o n l y  

D e t a i l s  o f  t h e  c a l c u l a t i o n  and t y p i c a l  s o l u t i o n s  a r e  

p r e s e n t e d  i n  Append ix  I .  

F i g u r e s  2 . 2  and 2.3 a r e  g r a p h i c  examples o f  t h e  

e f f e c t  o f  foam on t h e  h y d r o s t a t i c  p r e s s u r e .  In each o f  

t h e s e  cases,  t h e  a s s u m p t i o n  i s  made t h a t  t h e  foam used w i l l  

be t h e  S t a b l e  Foam m i x t u r e  and t h a t  t h e  w a t e r  w i l l  w e i g h  

8.4 pounds p e r  g a l l o n ,  s l i g h t l y  more t h a n  p u r e  w a t e r .  N o t i c e  

i n  t h e  p l o t s  t h a t  t h e  m a j o r  r e d u c t i o n  i n  h y d r o s t a t i c  p r e s s u r e  

i s  i n  t h e  v e r y  t o p  o f  t h e  h o l e .  Below 1,500' t o  2,000' 

i n  F i g u r e  2 . 2 ,  t h e  foam i s  compressed t o  t h e  p o i n t  t h a t  t h e  

co lumn i s  e s s e n t i a l l y  a l i q u i d  co lumn.  

1 .  White, Robert J.: "Bottom-Hole Pressure Reduction Due t o  Gas-Cut 
Mud,'' AIME-SPE T.N. 4,301,957. 
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I n  Figure 2.3, where the surface ratio of f l u i d  to 
air i s  1:lO the increase in pressure of the foam column 
i s  much slower than 'in the 1:2 ratio of Figure 2.2. This 
illustrates the use of f l u i d  to a i r  ratios in controlling 
pressures. 
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Figure 2.3. Foam Density v s  Depth 
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F i g u r e  2 . 4  shows t h e  e f f e c t  o f  backpressure  on t h e  

w e l l b o r e .  The 100 p s i  backpressure  i s  ext reme f o r  foam 

d r i l l i n g ,  b u t  i t  i l l u s t r a t e s  how t h e  f l u i d  column p r e s s u r e  

can be i n c r e a s e d  by t h e  use o f  s u r f a c e  imposed p r e s s u r e .  

1000 

2000 

3000 

4000 

(D) Effective Foam Weight ppg 
-- 

- 
Figure 2 . 4 .  Foam D e n s i t y  v s  Depth 
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In practical application, the limit of a true a i r / f l u i d  
emulsion is limited to about 1O:l. (This is also the limit 

of foam shaving creams.) More air can be added to further 
reduce the fluid column pressure, b u t  the addition of a i r  
beyond the 1O:l ratio causes some heading in the foam. In 
most cases there is some slippage of the a i r  in the foam a t  
h i g h  ratios and in large holes, so th a t  additional a i r ,  u p  

to 20:l must be added a n d  some heading of the foam column is 
accepted. 

c 

The heading of the foam column does not appear to cause 
significant downhole pressure surges because of the compression 
effect. The actual use of foam in the hole requires some 
practice. As the hole size becomes larger, some adjustment of 
foam chemicals, air volume, and water volume needs to be 

made to balance out the unknowns in the hole. 

When Foams Can Be Used 

Drilling fluids can be categorized b y  density from the 
very heavy muds to air. The use of any particular f l u i d  
depends upon the geological conditions in the hole being 
drilled. For a reasonable foam d r i l l i n g  decision, all 
alternatives should be considered. 

- A i r  Drilling. Use air d r i l l i n g  if the interval 

- Mist Drilling. Use mist d r i l l i n g  to solve 

- Foam Drilling. Use foam d r i l l i n g  where 

is very hard and d r y ,  or impermeable. 

dampness in a n  air hole. 

formation gradients are lower than 0.4 psi/ft, 
the hole is unstable due to fractured formations, 
and/or it i s  too wet for a i r  drilling. 

- Water i s  used as a d r i l l i n g  f l u i d  when there is 
no need for the l i f t i n g  capacity of viscosity, 
f l u i d  loss control, or special m u d  weights, and 
the formations are not water sensitive or subject 
to easy erosion. 

. 
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- Aerated muds are used to solve severe lost 
circulation problems when using mu d .  It may 
be preferable to switch to foam. 

The above items typically grade into each other as sub 
systems o f  the basic a i r  d r i l l i n g  or mu d  d r i l l i n g  system. 

When to use foam is often a subjective decision be- 
cause of lack of information. The following descriptions 
help provide the background for a foam decision. 

Develop a M u d  Type f o r  Each Casing Point Interval 

A .  Check f o r  a i r  d r i l l i n g  intervals 
1. Is the rock hard? 
2. Is formation pressure gradient equal to or 

3. Is the rock dry? 
4. I f  mist must be used because of d a m p  rock, 

5. Steeply d i p p i n g  formations d r i l l  better 

less t h a n  . 4 3  psi/ft? 

is the rock water-sensitive? 

with a hammer because of the light bit 
weight required. Do formations d i p  steeply? 

6. Is the hole to be directional? 

I f  the answers f o r  1 through are yes, consider a i r  
drilling. I f  the answer to five i s  yes, air is particularly 
competitive. If Item 6 is yes, check with a directional 
d r i l l i n g  company before making a decision. 

I 

B. Be prepared for mist d r i l l i n g  intervals. Mist will 
i be used if the hole becomes damp and there are no water- 

sensitive formations. Always have stan,dby mist equipment 
available when air d r i l l i n g .  

z 

i 
j 
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C .  Check f o r  foam d r i l l i n g  i n t e r v a l s .  Foam i s  an 

a i r  d r i l l i n g  t e c h n i q u e  used when t h e r e  i s  t o o  much w a t e r  

i n f l u x  t o  h a n d l e  w i t h  m i s t  a n d / o r  t h e  h o l e  i s  u n s t a b l e .  

F o r  foam use: 

1. H o l e  i s  wet .  

2. P r e s s u r e  g r a d i e n t  i s  be low . 4 3  p s i / f t  

o r  
2a. The r o c k  i s  b a d l y  f r a c t u r e d  and w i l l  n o t  

s t a n d  up and t h e  p r e s s u r e  g r a d i e n t  i s  be low 
.47 p s i / f t .  

Foam d r i l l i n g  can be overpowered by w a t e r  f l o w s ,  s o  t h e  

h y d r o s t a t i c  p r e s s u r e  needs t o  be b a l a n c e d  t o  a v o i d  l a r g e  

i n f l u x e s  o f  w a t e r  o r  else a mud must  be used.  

D. Check f o r  c o n v e n t i o n a l  mud. 

1. The p r e s s u r e  g r a d i e n t  i s  g r e a t e r  t h a n  .4 p s i / f t .  

2. The f o r m a t i o n  t e m p e r a t u r e  a t  t h e  b o t t o m  o f  t h e  
i n t e r v a l  i s  l e s s  t h a n  35OoF 

o r  

o f  t h e  i n t e r v a l  i s  l e s s  t h a n  300°F b u t  
t h e  h o l e  i s  d i r e c t i o n a l l y  d r i l l e d ,  o r  
u s i n g  a packed h o l e  assembly,  or e x t e n s i v e  
t e s t i n g  i s  p roposed.  

2a. The f o r m a t i o n  t e m p e r a t u r e  a t  t h e  b o t t o m  

E.  Check f o r  a e r a t e d  mud. 

1. L o s t  c i r c u l a t i o n  o c c u r s  o r  may o c c u r  w h i l e  
d r i l l i n g  t h a t  c a n n o t  be s o l v e d  by l o s t  
c i r c u l a t i o n  m a t e r i a l ,  cement p l u g s ,  o r  
b a r i t e  o r  gunk p l u g s .  

L' 

c 
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2. Mud co lumn i n  t h e  h o l e  f a l l s  l e s s  t h a n  
1,000' when r e t u r n s  a r e  l o s t .  I f  mud 
co lumn f a l l s  more t h a n  1,000'  c o n s i d e r  
u s i n g  foam, o r  s e t t i n g  p l u g s .  

A i  r D r  i 1 1 i ng 

A i r  d r i l l i n g  i s  used f o r  a number o f  s p e c i f i c  reasons .  

1 .  The f o r m a t i o n s  t o  be  d r i l l e d  a r e  d r y  o r  

2. The f o r m a t i o n s  t o  be d r i l l e d  a r e  s e p a r a t e d  

impermeable h a r d  r o c k .  

by c a s i n g  f r o m  wet  a n d / o r  permeab le  upper  
f o r m a t i o n s .  

d r i l l i n g  w i t h  w a t e r  and mud. 
3 .  D r i l l i n g  r a t e  must be s i g n i f i c a n t l y  f a s t e r  t h a n  

4. L o s t  c i r c u l a t i o n  i s  a s e r i o u s  p rob lem.  

5. R e s e r v o i r  damage may r e s u l t  f r o m  t h e  use 
o f  w a t e r  o r  muds. 

As a g e n e r a l  e s t i m a t e ,  t h e  f o l l o w i n g  minimum a i r  vo lumes 

a r e  r e q u i r e d  f o r  a i r  d r i l l i n g  d r y  h o l e .  Volume i s  l i s t e d  as 

S C F M  - s t a n d a r d  c u b i c  f e e t  p e r  minu te !  

H o l e  S i z e  
( 1  nches)  

6 - 1 / 4  

7-718 
8 - 3 / 4  
9 - 7 / 8 -  

A i r  Volume 
( S C F M )  
1,000 

1,400 

1,700 
2,100 

P r e s s u r e  

2 5 0  

2 5 0  

250 
250 

A i r  vo lume must  be  me te red .  

2. Angel, R. R.: "Volume Requirements f o r  A i r  and Gas Dr i l l i ng , "  
Gulf Pub1 ishing Company, 1958. 
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Mist Dri 1 1  in$ 

Misting is a n  extension o f  a i r  d r i l l i n g  used when d a m p  

formations are encountered. The same criteria as for air 
d r i l l i n g  justification are true, b u t  in misting, detergent 
and water are injected into the a i r  stream to keep d a m p  
d r i l l  cuttings from balling u p  o r  forming rings in the hole. 

Air d r i l l i n g  costs are increased from 25% to 50% by 
the addition of mist because of increased air requirements, 
material cost, and lower penetration rate. 

Lime must always be added.to the injection water to 
maintain a p H  of 9.5 at the blooie line. One to two pounds 
of lime per barrel of injected water should be used in 
geothermal d r i l l i n g .  

An amine type f i l m i n g  corrosion inhibitor should also 
be used either in batch lots o r  in the injection water. 

Foaming agents a n d  inhibitors m u s t  be checked with the 
manufacturer f o r  temperature sui tabil I ty. Use the assumed 
formation temperature for the interval m i n u s  100°F f o r  the 
suitability temperature unless large quantities o f  steam are 
being produced. I f  steam is produced, use formation 
temperature. See API RP 46, "Recommended Practices for 
Testing Foaming Agents for Mist Drilling." A i r  volume m u s t  
be metered. 
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F o a m  D r i l l i n g  

F o a m  d r i l l i n g  is used when: 

1 .  

2.  

3. 

T h e r e  is s e v e r e  lost c i r c u l a t i o n  t h a t  is 
d i f f i c u l t  o r  i m p o s s i b l e  to co n t r o l  w i t h  
c o n v e n t i o n a l  muds. 

A i r  d r i l l i n g  is u n s u i t a b l e  b e c a u s e  s o m e  
h y d r o s t a t i c  p r e s s u r e  is r e q u i r e d  t o  s t o p  
f l u i d  i n f l u x  i n t o  t h e  w e l l b o r e  and/or 
f r a c t u r e d  o r  b r o k e n  f o r m a t i o n s  m a k e  t h e  
w e l l b o r e  u n s t a b l e ;  o r  

The i n s u l a t i n g  p r o p e r t i e s  of f o a m  m a k e  it 
desirable. 

F o a m s  a r e  n o t  g e n e r a l l y  r e u s a b l e  a n d  so c o s t s  f o r  f o a m  
a n d  a i r  a r e  g e n e r a l l y  q u i t e  high. 

S p e c i a l  f o a m e r s  a r e  used f o r  f o a m  drilling. Two t y p e s  
of f o a m  are used, "Stiff" and "Stable" foams. 

V o l u m e  R e q u i r e m e n t s  

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

Hole Size Air Volume Foam Mixture Air Pressure 

6-1 /4l' 350 cfm 15 bbl /hr 300 psi 

7-7/8" 400 cfm 20 bbl /hr 300 psi 
8-3/4" 450 cfm 25 bbl /hr 300 psi 

9-7/8" 500 cfm ' 35 bbl/hr 300 psi 
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B a s e d  o n  t h e  t a b l e  a b o v e  a n d  t h e  c o s t  of foamers, a 
c a l c u l a t i o n  c a n  b e  m a d e  of f o a m i n g  costs. F o a m  c o s t s  d o  not 
i n c l u d e  t h e  c o s t  of w a t e r  or s u c h  h a r d w a r e  i t e m s  a s  d r i l l i n g  
heads. 

F o a m i n g  C o s t  = ( A $  + F$) x T 

where 

A $  = Air C o s t  per d a y  
F$ = F o a m  C o s t  p e r  d a y  

T = T i m e  t o  Drill Interval 

F$ = Fbbl x (bbl/hr x 18)  
Fbbl = F o a m  Cost/bbl 

bbl/hr = b b l s  p e r  h o u r  used 

E q u i p m e n t  f o r  F o a m  D r i l l i n g  

T h e  e q u i p m e n t  r e q u i r e d  for f o a m  d r i l l i n g  is a m i x t u r e  
of c o n v e n t i o n a l  m u d  d r i l l i n g  a n d  a i r  d r i l l i n g  e q u i p m e n t .  
F o a m  d r i l l i n g  is a c o m p r o m i s e  s y s t e m  t h a t  d o e s  n o t  r e q u i r e  
t h e  p u m p  p r e s s u r e s  used f o r  m u d  d r i l l i n g  or the  h i g h  volumes 

u s e d  in a i r  drilling. This s i m p l i f i e s  t h e  e q u i p m e n t  r e q u i r e -  
m e n t s  a n d  r e d u c e s  s o m e  of t h e  potential p o l l u t i o n  a s p e c t s  
of a i r  d r i l l i n g .  
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F i g u r e  2.5. T Y P I C A L  A I R  D R I L L I N G / F O A H  D R I L L I N G  R I G  
(Courtesy: Interairdril. 
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Mud P i t s  

T h e  m u d  p i t s  used w i t h  f o a m  d r i l l i n g  a r e  p r i n c i p a l l y  
used f o r  m i x i n g  a n d  s t o r a g e  s i n c e  t h e  s y s t e m  is not reused. 
A s t a n d a r d  s y s t e m  w o u l d  u s e  o n e  200 bbl m u d  pit. T h e  f i r s t  
p i t  s e c t i o n  w o u l d  b e  f o r  m i x i n g  l i m e  a n d  inhibitors. T h e  
b a c k  e n d  of t h e  pit w o u l d  b e  s u c t i o n  a n d  storage. 

Mud P u m p  

T h e  n u d  p u m p  w o u l d  b e  a c o n v e n t i o n a l  rig m u d  pump. A 

m u d  p u m p  o f  less t h a n  5 0 0  H P  w o u l d  n o r m a l l y  b e  t h e  m o s t  
s a t i s f a c t o r y  b e c a u s e  it w o u l d  r u n  f a s t  e n o u g h  to g i v e  a 
r e a s o n a b l y  s m o o t h  discharge. 

M i x i n g  P u m p  a n d  H o p p e r  

A m i x i n g  p u m p  a n d  h o p p e r  s y s t e m  n e e d  t o  b e  p r o v i d e d  
in t h e  m i x i n g  tank. T h e  m i x i n g  p u m p  is g e n e r a l l y  a c e n t r i f u g a l  
p u m p  a n d  it s h o u l d  h a v e  e n o u g h  c a p a c i t y  to o p e r a t e  t h e  h o p p e r  
a n d  s o m e  m i x i n g  jets. 

D r i l l i n g  Head 

S i n c e  f o a m  d r i l l i n g  is d o n e  w i t h  low p r e s s u r e s  a n d  
v o l u m e s ,  a n y  o f  t h e  c o m m e r c i a l l y  a v a i l a b l e  d r i l l i n g  h e a d s  
a r e  s a t i s f a c t o r y .  
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F i g u r e  2.5. T y p i c a l  R o t a t i n g  Head. 
C o u r t e s y :  G r a n t  T o o l  Company 

S t r i n g  Float 

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

u p p e r  p a r t  o f  t h e  d r i l l  p i p e  t o  keep t h e  foam f r o m  e x p a n d i n g  

’ up  t h e  d r i l l  p i p e  when c o n n e c t i o n s  a r e  made. A f u l l  o p e n i n g  

f l o a t  i s  g e n e r a l l y  t h e  most  s a t i s f a c t o r y  t y p e  s i n c e  i t  a l l o w s  

t h e  passage o f  w i r e  l i n e  d e v i c e s .  
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F i g u r e  2.6. Ba k e r  Full O p e n i n g  F l o a t  
Used a s  S t r i n g  Float. 
C o u r t e s y :  B a k e r  Tool C o m p a n y  

A i r  C o m p r e s s o r s  

T h e  g r e a t e s t  r e d u c t i o n  in a i r  d r i l l i n g  c o s t s  w i t h  f o a m  
is t h e  s m a l l  v o l u m e  o f  a i r  required. A i r  v o l u m e s  f o r  f o a m  
g e n e r a l l y  a r e  less t h a n  500 c f m  w i t h  p r e s s u r e s  o f  less t h a n  
350 psi. 
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1 1 1  PHYSICAL AND CHEMICAL P R O P E R T I E S  OF FOAMS 

P h y s i c a l  P r o p e r t i e s  

D r i l l i n g  foams a r e  fc rmed by m i x t u r e s  o f  gas, w a t e r ,  

and c e r t a i n  c h e m i c a l s .  They v a r y  i n  d e n s i t y '  f r o m  a b o u t  

. 3  t o  . 8  ppg depend ing  on t h e  amount o f  w a t e r  p r e s e n t  i n  

t h e  f l u i d .  O t h e r  t y p e s  o f  a e r a t e d  d r i l l i n g  f l u i d s  wou ld  

be a i r  (0  ppg ) ,  m i s t  ( 0  t o  3 ppg) ,  and a e r a t e d  mud ( . 8  t o  

7 ppg) .  F i g u r e  3 .1  d e p i c t s  t h e  range  o f  such f l u i d s .  As 

t h e  d e n s i t y  i n c r e a s e s  f rom 0 t o  7 ppg more w a t e r  and l e s s  

a i r  i s  combined t o  f o r m  a d r i l l i n g  f l u i d .  

F i g u r e  3 .1 .  Types o f  D r i l l i n g  F l u i d s  and 
T h e i r  R e l a t i v e  D e n s i t i e s '  

1. Hutchinson, S. O., Anderson, G. W.: "What t o  Consider When 
Select ing D r i  1 1  ing Fluids," World O i  I ,  1974. 
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S t a b l e  Foam 

A i r  and m i s t  f l u i d s  d i f f e r  f r o m  s t a b l e  foam and a e r a t e d  

mud i n  t h a t  a i r  i s  t h e  c o n t i n u o u s  phase i n  t h e  a i r  and m i s t  

f l u i d s  and w a t e r  i s  t h e  c o n t i n u o u s  phase i n  t h e  s t a b l e  foam 

and a e r a t e d  mud f l u i d s .  M i t c h e l l 2  has s u b d i v i d e d  t h e  second 

two f l u i d s  ( w a t e r  c o n t i n u o u s  f l u i d s )  i n t o  s e v e r a l  r e g i o n s  as 

a f u n c t i o n  o f  what  he te rms  " Q u a l i t y  o f  Foam". 

V i s c o s i t v  C h a r a c t e r i s t i c s  

I n  F i g u r e  3.2, M i t c h e l l  shows t h e  foam r e g i o n  as c o n s i s t -  

i n g  o f  a )  f ew  b u b b l e s  d i s p e r s e d  i n  t h e  l i q u i d  phase ( l o w  

v i s c o s i t y ) ,  b )  t h e  b u b b l e  i n t e r f e r e n c e  r e g i o n  (medium v i s c o s i t y )  

and c )  t h e  b u b b l e  d e f o r m a t i o n  r e g i o n  ( h i g h  v i s c o s i t y ) .  I n  

no rma l  s t a b l e  foam d r i l l i n g  o p e r a t i o n s  b u b b l e  d e f o r m a t i o n  e x i s t s  

and t h e  foam has  a v i s c o s i t y  be tween 5 and 20+ c p  w i t h  foam 

q u a l i t y  v a r y i n g  between . 7 5  and .97. Foam q u a l i t y  i s  d e f i n e d  

by t h e  e q u a t i o n :  

Foam Q u a l  i t y  

where 

V 1  = Volume o f  l i q u i d  

V = Volume o f  gas 
9 

vg v + Vl  
9 

I t  i s  t h e  h i g h  v i s c o s i t y  p r o p e r t i e s  o f  s t i f f  foam c o u p l e d  

w i t h  t h e  l o w  d e n s i t y  p r o p e r t i e s  w h i c h  make s t i f f  foam so 

a t t r a c t i v e  as  a d r i l l i n g  and c o m p l e t i o n  f l u i d .  

2. M i t che l l  , 6. J.: "Test Data f i t 1  Theory on Us-ing Foam as a D r i l l i n g  
Fluid," O i l  & Gas Jour., September 6, 1971. 
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F i g u r e  3.2. F o a m  V i s c o s i t y  a n d  T y p e  
a s  A F u n c t i o n  o f  F o a m  
Qual i t y 2  

I t  is t h e  h i g h  v i s c o s i t y  p r o p e r t i e s  o f  s t i f f  f o a m  
c o u p l e d  w i t h  t h e  low d e n s i t y  p r o p e r t i e s  w h i c h  m a k e  s t i f f  
f o a m  so a t t r a c t i v e  a s  a d r i l l i n g  and c o m p l e t i o n  fluid. 

D e n s i t y  C h a r a c t e r i s t i c s  

T h e  low s p e c i f i c  g r a v i t y  o f  t h e  s t a b l e  f o a m s  g e n e r a t e d  
p r o v i d e s  low b o t t o m - h o l e  p r e s s u r e s  w h i c h  p r e v e n t  lost 
c i r c u l a t i o n  f r o m  o c c u r i n g  in w e a k  z o n e s  a n d  a l s o  m i n i m i z e s  
f o r m a t i o n  d a m a g e ?  

3.  Hutchinson, S. 0.: "What Foam is and How It's Used," -- World Oil, 
November 1969. 
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B o t t o m - h o l e  p r e s s u r e  o f  o n l y  50 p s i  has been measured3 

a t  a d e p t h  o f  2,900 f e e t .  T h i s  r e p r e s e n t s  an a v e r a g e  f l u i d  

w e i g h t  o f  . 3 3  ppg. 

I n  o r d e r  t o  i n s u r e  t h e  p r o p e r  f o r m a t i o n  o f  s t i f f  foams 

t h e  f l u i d s  fo rmed  must  have s p e c i f i c  c h e m i c a l  c o m p o s i t i o n s .  

Chemica l  C o m p o s i t i o n  o f  Foams 

S t i f f  foams a r e  fo rmed by m i x i n g  a gas, w a t e r ,  and 

c e r t a i n  c h e m i c a l s  i n  s p e c i f i c  p r o p o r t i o n s  u s i n g  s p e c i a l  i n -  

j e c t i o n  equ ipmen t  and pumping i n t o  t h e  w e l l  a t  s p e c i f i c  

r a t e s .  The t y p e  o f  gas,  w a t e r ,  and f o a m i n g  a g e n t  used s h o u l d  

be  l a b  t e s t e d  t o  i n s u r e  c o m p a t i b i l i t y .  

Gases Used 

The two most  common gases used i n  s t a b l e  foam d r i l l i n g  

a r e  a i r  and n a t u r a l  gas. O t h e r  gases w h i c h  have been used 

a r e  n i t r o g e n ,  c a r b o n  d i o x i d e ,  and e x h a u s t  gases .  N a t u r a ?  

gas i s  p r e f e r r e d ,  b u t  a i r  i s  u s u a l l y  used because o f  l a c k  

o f  a v a i l a b i l i t y  o f  n a t u r a l  gas.  

Water  Used 

When f r e s h  w a t e r  i s  n o t  a v a i l a b l e ,  s a l t  w a t e r  o r  

f i e l d  w a t e r s  can  be used. When t h i s  i s  done, c a r e f u l  

t e s t i n g  s h o u l d  be c a r r i e d  o u t  t o  i n s u r e  success .  Water  

f rom a r e a s  such  a s  t h e  I m p e r i a l  V a l l e y  o f  C a l i f o r n i a  

c o n t a i n  excess  s a l t s  and m e t a l s  w h i c h  p r e s e n t  u n i q u e  p rob lems .  
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Foaming Agen ts  Used 

I n  most s t a b l e  foam d r i l l i n g ,  one o f  s e v e r a l  t y p e s  

o f  f oaming  a g e n t s  a r e  used. 

1 .  A l c o h o l  E t h e r  S u l f a t e .  These foaming  a g e n t s  a r e  
fo rmed w i t h  l o n g  c h a i n  a l c o h o l  e t h o x y l a t e s  w h i c h  
a r e  s u l f o n a t e d .  They a r e  t h e  most w i d e s p r e a d  
foaming  a g e n t s  and can be f o r m u l a t e d  for z i t h e r  
f r e s h  w a t e r  o r  s a l t  w a t e r  s o l u t i o n s .  

have b e t t e r  t e m p e r a t u r e  s t a b i l i t y  t h a n  ( 1 )  above,  
b u t  t h e y  a r e  n o t  as e f f e c t i v e .  More agen t  i s  
needed p e r  g a l l o n  o f  w a t e r  foamed. 

3 .  Alpha  O l e f i n  S u l f o n a t e .  These a g e n t s  p e r f o r m  v e r y  
s i m i l a r l y  t o  ( 2 )  above. 

2. A l k y l  Benzene S u l f o n a t e .  These foaming  a g e n t s  

I n  each a p p l i c a t i o n  i t  i s  necessa ry  t o  d e t e r m i n e  t h e  

amount o f  t i m e  t h e  foam w i l l  be i n  t h e  w e l l  and t h e  t e m p e r a t u r e  

o f  e x p o s u r e  b e f o r e  c o n c e n t r a t i o n s  can be e s t i m a t e d .  U s u a l l y  

1/2 t o  1 %  foaming  a g e n t  ( b y  vo lume) i s  s u f f i c i e n t .  

When c o r r o s i o n ' i s  a p rob lem,  as d e t e r m i n e d  by coupon 

t e s t s ,  a c o r r o s i o n  i n h i b i t o r  must  be added. 

C o r r o s i o n  I n h i b i t o r s  

Three e l e m e n t s  a c c e l e r a t e  c o r r o s i o n  i n  t h e  d r i l l i n g  

s t r i n g  (a)  oxygen,  ( b )  ca rbon  d i o x i d e ,  and ( c )  hyd rogen  

s u i  f i d e .  

These t h r e e  c o r r o s i v e  e lemen ts  a r e  u s u a l l y  t r e a t e d 4  

by r a i s i n g  t h e  pH o f  t h e  w a t e r  t o  10 w i t h  a d d i t i o n s  o f  sodium 

h y d r o x i d e  o r  l i m e  a b y  a d d i n g  an i n h i b i t o r  w h i c h  fo rms  a 

4. Rehm, B i l l ,  A i r  D r i l l i n g  Handbook, August 1975. 
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. .  

- p r o t e c t i v e  c h e m i c a l  c o a t i n g .  The p resence  o f  t h e  h i g h  p H  

n e u t r a l i z e s  t h e  hyd rogen  s u l f i d e .  

Ra te  o f  l n i e c t i o n  

I n  normal  o p e r a t i o n  t h e  gas i s  i n j e c t e d  w i t h  a s i n g l e  

compressor  a t  a r a t e  o f  350-400 S C F M  a t  a p r e s s u r e  o f  

250-300 p s i .  The w a t e r / c h e m i c a l  m i x t u r e  i s  i n j e c t e d  i n t o  

t h e  m i x i n g  head w i t h  a l i q u i d  i n j e c t i o n  pump a t  a r a t e  o f  

a b o u t  20 gpm. 

48 

S p e c i a l  Equipment  

The f o r m a t i o n  and ma in tenance  o f  a s t a b l e  foam r e q u i r e s  

s e v e r a l  p i e c e s  o f  s p e c i a l  equ ipment .  These a r e  c o v e r e d  i n  

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

Requ i rements  f o r  I d e a l  Foams 

A n  i d e a l  s t a b l e  foam c l e a n s  t h e  h o l e ,  i s  s t a b l e  a t  

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

a n d . i s  d i s p o s e d  o f  e a s i l y .  I n  many cases ,  i t  . i s  n e c e s s a r y  

t o  e x p e r i m e n t  w i t h  t h e  l o c a l  w a t e r ,  c o n t a m i n a n t s  and gas t o  

d e t e r m i n e  t h e  i d e a l  foam. 

H o l e  C l e a n i n g  

I n  most  cases an a n n u l a r  f l o w  r a t e  o f  300 fpm i s  

r e q u i r e d  t o  p r o v i d e  adequa te  h o l e  c l e a n i n g .  Lower r a t e s  

(100 fpm) have been used, b u t  i n  t h e s e  cases  foam q u a l i t y  

was i n c r e a s e d  by c o n t r e W i n g  foam s o l u t i o n 5  c o m p o s i t i o n  and 

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

5.  Petroleum Engineering: "Stable Foam Cuts Cost, Increases Production," 
Vol. 41, No. 13, p. 61-63, December 1969. 
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foam i n c r e a s e s  a s  i t s  l i q u i d  volume d e c r e a s e s ,  a s  shown’ 

by F i g u r e  3 . 3 .  T e s t  cases  h a v e  shown t h a t  c o n s i d e r a b l e  

q u a n t i t i e s  o f  s o l i d s  can  be removed f r o m  a w e l l  u s i n g  

foam. 

E a 0.r c 

02 I I 

I 
I 0 

0 

I 

I 
I 
I 
I 
I 
I 

I I 
I I 

LIFTING FORCE ON Yl(CINcH 
W E T E R  -RE 

1 I 1 I 

a4 0.6 0.8 1 
I 

0.2 
0 
0 

uputo VOLUME fRAcm IlvF) 

1 I 1 I 

0.2 a4 0.6 0.8 1 
uputo VOLUME fRAcm IlvF) 

F i g u r e  3 . 3 .  R e l a t i v e  l i f t i n g  f o r c e  
o f  p r e f o r m e d  s t a b l e  foam 
( A f t e r  B e y e r ,  M i l l h o n e ,  
& F o o t e )  

.. 
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I n  a r t i c  d r i l l i n g 6  a 17-1 /2  i n c h  h o l e  was success -  

f u l l y  d r i l l e d  u s i n g  foam a t  d r i l l i n g  r a t e  o f  35-60 f e e t  

p e r  h o u r .  I n  a n o t h e r  t e s t '  t h e  c a r r y i n g  c a p a c i t y  o f  foam w z  

compared t o  t h a t  o f  s a l t  w a t e r .  The s a l t  w a t e r  was 

c i r c u l a t e d  a t  150 fpm and s o l i d s  were  removed a t  a r a t e  o f  

16-40 l b s / b b l  o f  s a l t  w a t e r .  Foam was t h e n  c i r c u l a t e d  a t  

300 fpm and s o l i d s  were  removed a t  43-328 l b s / b b l .  

A m a j o r  r e q u i r e m e n t '  f o r  c l e a n i n g  d r i l l e d  h o l e s  w i t h  

foam i s  t h e  f o r m a t i o n  o f  a s t a b l e  foam w h i c h  does n o t  

c o l l a p s e  when c i r c u l a t i o n  i s  s t o p p e d .  I 

i . T e m p e r a t u r e  E f f e c t s  

I 
1 

A m a j o r  l i m i t a t i o n  o f  s t a b l e  foams i s  t h e  t e m p e r a t u r e  

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

i n f o r m a t i o n e i s  a v a i l a b l e  on  t h i s  s u b j e c t .  Much r e s e a r c h  
1 

l i s  needed t o  d e f i n e  and e x t e n d  t h e  t e m p e r a t u r e  l i m i t s  o f  

I foams. E x p e r i e n c e  has shown s e v e r a l  u n i q u e  uses  f o r  s t a b l e  I 

I foam w i t h  r e g a r d  t o  t e m p e r a t u r e  c o n d i t i o n s  i n  w e l l s .  
1 

L 

In West Texas '  o i l  zones w h i c h  c o n t a i n e d  p a r a f f i n  have 

been p u t  back  o n  p r o d u c t i o n  a f t e r  b e i n g  c o m p l e t e d  w i t h  foams 

w h i c h  were  made w i t h  2OOOF w a t e r .  

6. Anderson, Glenn, W.: "Near Guage Holes Through Permafrost," - O i l  & 
Gas Jour., pp. 126-142, September 1971. - _ .  

7. Jokhoo, Khem: 

8. 

"Aerated Foam Dri 11 ing i n  Trinidad," Petroleum 
Engineer, - Vol. 48, No. 7, pps. 24-32, June 1976. 

O i l  8 Gas Jour. Vol. 71, No. 11, pp. 97-98, March 1973. 
Bleakley, W. B.: "West Texas Workovers w i t h  Foam Gain Favor," 
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L 

Under arctic conditions6 the freezing of foams is 
prevented by the use of water containing l0-15% s a l t  water. 
If the fresh water is used, the foam freezes in a cellular 
state. 

1 

When bottom hole temperatures exceed 350'F a n d  oils 
are present, air should not be used. This is to prevent fires. 

- 

A real potential exists for the use of stable foams 
In steam wells! The low heat conductivity of foam makes it 

an ideal circulating fluid. 

Contamination of Foams 

The technique of pre-forming foams at the surface has 
greatly solved the problem of foam failure by contaminants. 
I t  appears that once the foam is formed, contaminants do 
not destroy the foaming agents as readily. Foams have 
been designed to handle the following  contaminant^:^ 

1. 
2. 
3. 
4. 
5 .  
6. 
7.  
a .  

10-30 API G r a v i t y  Crude Oils 
Salt Water 
Iron Oxide and Sulfide 
Cement 

Solvents 
Caustic Solutions 
Hydrochloric a n d  Hydrofluoric Ac 
Hydrogen Sulf ide3 

ds 
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Foam Disposal 

Foams are used in the d r i l l i n g  operation on a once 
through basis a n d  must therefore be disposed of as they exist 
from the well. Several methods have been devised. 

The foam is mixed with crude oil9 or salt water as it 

exits from the well and the foam is broken. Also, on OCCaSiOn, 
certain chemicals can be added. If necessary these spent 
chemicals can be passed through a n  oil field heat-treater! 

Under Arctic conditions6 the foam is simply allowed to 
freeze, then with minimal agitation the foam collapses. 

9. Anderson, G. W . :  "Foam Disposal--Offshore and Urban Operations," 
Chevron Research Company Foam Cleanout Technical Notes, 
April 1977. 
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I V  APPLICATION O F  F O A M S  IN G E O T H E R M A L  D R I L L I N G  

D r i l l i n g  f l u i d  related problems are the single most 
frequently sited reason for d r i l l i n g  problems in geothermal 
wells. The most apparent problems are the failures of the 
f l u i d  to perform essential functions under high-temperature 
conditions. For example, gelation of conventional m u d s  

when circulation is stopped for operations other th’an drilling 

can lead to stuck pipe, aborted logging runs, stuck tools, 
etc. The related h i g h  p u m p i n g  pressures can cause unexpected 
failure of casing seats or formation breakdown with con- 
sequent loss of circulation. F l u i d s  formulated to remain 
reasonably stable at higher temperature do not have adequate 
filtration characteristics, resulting in formation damage. 

Less obvious are the h i g h  direct costs which can be 
incurred with geothermal d r i l l i n g  f l u i d s . Expensive treat- 
ment and replacement of materials is required to keep the 
fluid properly conditioned. Difficulties in corrosion control 
in geothermal environments lead to more frequent d r i l l  pipe 
replacement a n d  d r i l l  pipe related problems t h a n  is experienced 
in non-geothermal applications. 

Least obvious is the indirect cost from slower drilling, 
lost time for peripheral operations such as mixing m u d ,  a d d i n g  
lost circulation materials, d r i l l  pipe inspection, etc. 

. 

A s  discussed in the review of foam d r i l l i n g ,  the 
selection and use of d r i l l i n g  f l u i d s  for geothermal application 
requires greater care and technology t h a n  ordinary oil and 
gas operations. . The h i g h  cost of these operations a n d  the 
sensitivity of geothermal formations to irreparable d r i l l i n g  
damage to productivity necessitates improvements in the 
effectiveness of d r i l l i n g  nu7ds in geothermal applications. 
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A t h r e e  e lemen t  app roach  was used i n  e x a m i n i n g  t h e  

p o t e n t i a l  o f  d r i l l i n g  foams f o r  r e d u c i n g  t h e  c o s t  o f  geo-  

t h e r m a l  w e l l s .  F i r s t ,  an e x t e n s i v e  s u r v e y  o f  i n d u s t r y  

p e r s o n n e l  was made t o  a )  d e v e l o p  an o v e r v i e w  o f  t h e  e x t e n t  

o f  w h i c h  foams a r e  a p p l i c a b l e  t o  geo the rma l  d r i l l i n g  and 

b )  t o  d e t e r m i n e  t h e  p rob lems  a s s o c i a t e d  w i t h  u s i n g  foams. 

Second, t o  examine l a b o r a t o r y  p r o c e d u r e s  f o r  s c r e e n i n g  

foam d r i l l i n g  f l u i d s  and t o  measure p r o p e r t i e s  o f  t y p i c a l  

c a n d i d a t e  m a t e r i a l s .  T h i r d ,  t o  recommend a p rog ram f o r  

i m p r o v i n g  d r i l l i n g  foams and t h e i r  a p p l i c a t i o n  i n  geo the rma l  

w e l l s .  

A. Survey  

Over f i f t y  i n d u s t r y  t e c h n i c a l  p e r s o n n e l  w e r e  c o n t a c t e d  

r e g a r d i n g  d r i l l i n g  foams d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y .  A 

p a r t i a l  l i s t  o f  t h e s e  i s  i n c l u d e d  i n  Append ix  4 a l o n g  w i t h  

summaries o f  q u e s t i o n s  posed t o  t h e s e  i n d i v i d u a l s ,  and a 

s a m p l i n g  o f  responses  r e c e i v e d .  

The most  i m p o r t a n t  c o n c l u s i o n  drawn f r o m  t h i s  s u r v e y  

i s  t h a t  d r i l l i n g  foams a r e  a p p l i c a b l e  t o  a s i g n i f i c a n t  p a r t  

o f  geo the rma l  d r i l l i n g .  S e v e r a l  know ledgeab le  p e o p l e  e s t i -  

mated as h i g h  as 70 t o  80 p e r c e n t  o f  geo the rma l  d r i l l i n g  

c o u l d  be done w i t h  foam w i t h  t h e  m a j o r i t y  a g r e e i n g  t h a t  i n  

excess  o f  a t h i r d  and perhaps  a h a l f  o f  g e o t h e r m a l  d r i l l i n g  

w i l l  be done w i t h  foam i f  t e c h n i c a l  p rob lems  can be s o l v e d .  

C o s t  r e d u c t i o n  e s t i m a t e s  ranged f r o m  98 p e r c e n t  s a v i n g  on  

d r i l l  p i p e  wear down t o  20 p e r c e n t  s a v i n g  on l o s t  t i m e  c o s t .  

E s t i m a t e s  were  t h a t  foam wou ld  be s l o w e r  t h a n  a i r  d r i l l i n g  

b u t  3 t o  5 t i m e s  f a s t e r  t h a n  d r i l l i n g  w i t h  muds. Foam wou ld  

d e f i n i t e l y  r e p l a c e  a i r  i f  t h e  t e c h n i c a l  p rob lems  a r e  s o l v e d .  

U s i n g  v e r y  c o n s e r v a t i v e  assumpt ions ,  a c c o r d i n g  t o  

o u r  s u r v e y ,  e s t i m a t e s  o f  c o s t  b e n e f i t s  f o r  improved d r i l l -  

i n g  foams were made. As shown i n  F i g u r e  10, improved 

hi 
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d r i l l i n g  f o a m s  c o u l d  d i r e c t l y  a c c o u n t  f o r  a 3 p e r c e n t  
r e d u c t i o n  in g e o t h e r m a l  well c o s t  by 1986. T h i s  w o u l d  result 
in a l m o s t  a thirty-fold p a y b a c k  o f  t h e  i n v e s t m e n t  to d e v e l o p  
t h i s  t e c h n o l o g y  by '86. 

HIGH TEMPERATURE DRILUNG MAMS 
BENEFIT ESTIMATES 

0 APPUCABLE m 15x OF HOLE 
0 l p w c A B L L  TO U% OF WEU COSTS 

COST REDUCTION IE 20% 
OBENERTS BEGW ACCRUING I 1981 

PROGRAM COMPLm BY 1586 

F i g u r e  4.1. C o n s e r v a t i v e  E s t i m a t e  o f  B e n e f i t / C o s t  
P a y o u t  o f  Improved G e o t h e r m a l  D r i l l i n g  
Foam D e v e l o p m e n t  P r o g r a m .  
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6 .  T e c h n i c a l  Prob lems 

The t e c h n i c a l  p rob lems  l i m i t i n g  p r e s e n t  use  o f  d r i l l -  

i n g  foams a r e  as  f o l l o w s  ( n o t  i n  o r d e r  o f  p r i o r i t y ) :  

1 .  

2 .  

3 .  
4 .  
5 .  
6 .  

7 .  
8 .  

9 .  

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

S t a b i l i t y  o f  foams under  w a t e r  o r  b r i n e  
i n t r u s i o n  

C o r r o s i v i t y  o f  foams, i n c l u d i n g  pH s t a b i l i t y  

Foam b r e a k i n g ,  c l e a n i n g ,  and d i s p o s a l  p rob lems  

B o r e h o l e  s t a b i l i t y  i n  t h e  p r e s e n c e  o f  foams 

S e n s i t i v i t y  o f  foams i n  i n e r t  o r  s t a c k  gas 
w i t h  h y d r o c a r b o n  i m p u r i t i e s  

Foam g e n e r a t o r s  and o t h e r  s u r f a c e  ha rdware  

L i f t i n g  c a p a b i l i t y  o f  foams 

Heat  t r a n s f e r / i n s u l a t i o n  and h e a t  c a p a c i t y  
o f  foams 

10. T e s t i n g  and s c r e e n i n g  p r o c e d u r e s  f o r  foams 

Tempera tu re  s t a b i l i t y  o f  f o a m i n g  a g e n t s  was d i s c u s s e d  

w i t h  F r e d  Fowkes a t  Le -H igh  U n i v e r s i t y .  He f e l t  t h a t  no 

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

t e m p e r a t u r e  foamer c o u l d  be d e v e l o p e d  w i t h  good c o r r o s i o n  

and p h y s i c a l  s t a b i l i t y  p r o p e r t i e s .  He recommended a b i n a r y  

sys tem be c o n s i d e r e d ;  i n  t h i s  s y s t e ,  one component w o u l d  

be e f f e c t i v e  a t  l o w  t e m p e r a t u r e ,  t h e  o t h e r  a t  h i g h  t e m p e r a t u r e .  

S i m i l a r l y  o t h e r  t e c h n i c a l  p e o p l e  f e l t  t h a t  t h e  deve lopmen t  

o f  t h e  r e q u i s i t e  d r i l l i n g  foams was a m a t t e r  o f  a s y s t e m a t i c  

l a b o r a t o r y  and f i e l d  development  p rogram.  The e s t i m a t e d  

t i m e  and f i n a n c i a l  b u d g e t s  f o r  such a p rog ram a r e  p r e s e n t e d  

i n  C h a p t e r  V I I .  
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Testing of Foams 

Test procedures a n d  testing of foams are included 
in separate sections of this report. Summarizing, how- 
ever, it appears t h a t  a modified Chevron test on foams 
(with testing before a n d  after high-temperature aging) i s  

probably the best presently available screening technique. 
Advanced testing methods including a high-temperature, h i g h -  
shear circulating flow loop is needed to test candidate 
foams under borehole conditions. The problem of ascertain- 
ing borehole stability in the presence of foams should 
also be addressed. Methods of breaking a n d  cleaning foams 
will probably have to be tested on a field scale. 

b 

Non-technical Problems 

It was evident in the interviews t h a t  non-technical 
considerations now limit the extent of which d r i l l i n g  foams 
are used in geothermal applications. The first of these 
Is lack o f  technical expertise in their use and f a m i l i a r i t y  
with their capabilities. Although several excellent papers 
have been written on the use o f  foam in workover operations 
discussions of d r i l l i n g  foams is less comprehensive. Also 
possibly impeding the use of foams is a lack of availability 
of reliable equipment for major d r i l l i n g  operations. All 
present economic incentives to use foams are reduced because 
present operatlng procedures entail h a v i n g  foam d r i l l i n g  
as essentially a n  add on expense to air d r i l l i n g  Operations. 

. 
* 

I 

Summa t ion 

There Is a strong cohsensus t h a t  d r i l l i n g  foams will 
be widely applicable for geothermal d r i l l i n g .  Advantages 
of foam include: 
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. G o o d  H o l e  C l e a n i n g  

. H i g h  D r i l l i n g  R a t e  

. R e d u c e d  L o s t  C i r c u l a t i o n  P r o b l e m s  

. P o t e n t i a l  H i g h - T e m p e r a t u r e  C a p a b i l i t y  

. R e d u c e d  C a p i t a l  C o s t  

T h e  d i s a d v a n t a g e s  o f  m i x i n g ,  b r e a k i n g ,  a n d  d i s p o s a l  a l o n g  
w i t h  c o r r o s i o n  a n d  bo'rehole s t a b i l i t y  h a v e  l i m i t e d  p r e s e n t  
a p p l i c a t i o n s .  

A l t h o u g h  U n i o n  and C h e v r o n  b o t h  h a v e  s i g n i f i c a n t  
e f f o r t s  d i r e c t e d  t o w a r d  d e v e l o p i n g  i m p r o v e d  d r i l l i n g  foams, 
it d o e s  n o t  a p p e a r  t h a t  t h e r e  is a n y  c o m p r e h e n s i v e  e f f o r t  
t o w a r d s  s o l v i n g  t h e  t e c h n i c a l  problems. N o t i c e a b l y  a b s e n t  

in t h e  t e c h n i c a l  d e v e l o p m e n t  w e r e  t h e  s e r v i c e  c o m p a n i e s  w h i c h  
t y p i c a l l y  h a v e  led in t h e  d e v e l o p m e n t  a n d  m a r k e t i n g  o f  
i m p r o v e d  d r i l l i n g  services. 

Ld 

S e v e r a l  i n d i v i d u a l s  s t a t e d  that d u e  to t h e  l a c k  o f  
e f f o r t  in t h i s  a r e a ,  g o v e r n m e n t  R & D  c o u l d  p l a y  a p a r t i c u l a r l y  
s i g n i f i c a n t  r o l e  in a d v a n c i n g  t e c h n o l o g y  w i t h o u t  t h r e a t e n i n g  
t h e  c o m p e t i t i v e  s t r u c t u r e  o f  p r i v a t e  industry. 

' 58 



C, B o r e h o l e  E n v i r o n m e n t a l  Zones T h a t  Favor  Foam 
a s  a Drillina F l u i d  

T h e r e  a r e  f o u r  c a l a s s i f i c a t i o n s  o f  b o r e h o l e  e n v i r o n m e n t s  

t h a t  a r e  a p p r o p r i a t e  f o r  u s i n g  foams. These a r e :  

1 .  L o s t  C i r c u l a t i o n  Above Permeable Rock 

2. Dry  F r a c t u r e d  Rock 

3 .  Hot  L o s t  C i r c u l a t i o n  

4.  V a r i a b l e  D e n s i t y  Requ i rements  

The s h a l l o w e s t  and c o o l e s t  e n v i r o n m e n t a l  zone t h a t  

f a v o r s  t h e  use o f  foam as a d r i l l i n g  f l u i d  i s  i n  t h e  upper  

s e c t i o n  o f  t h e  h o l e  where t h e  t e m p e r a t u r e  does n o t  exceed 

25OoF. Foam wou ld  be t h e  f a v o r e d  d r i l l i n g  f l u i d  i f  t h e  

r o c k  was wet  and f r a c t u r e d  or had a l o s t  c i r c u l a t i o n  zone 

above a wet  zone w i t h  a w a t e r  d r i v e .  The w a t e r  i n  t h e  

zones w o u l d  p r e c l u d e  t h e  use o f  a i r  as a d r i l l i n g  f l u i d .  

The w a t e r  i n  t h e  zones wou ld  p r e c l u d e  t h e  use  o f  a i r  as a 

d r i l l i n g  f l u i d .  The c o m p r e s s i b l e  n a t u r e  o f  t h e  foam sys tem 

w o u l d  make I t  p o s s i b l e  t o  have a l i g h t  f l u i d  a t  t h e  t o p  o f  

t h e  h o l e  so as t o  a v o i d  l o s t  c i r c u l a t i o n  and a d e n s e r  f l u i d  

b e l o w  t h a t  zone t o  r e p r e s s  t h e  w a t e r  f l o w .  (See Append ix  

A--Foam H a t h e m a t i c s . )  F i g u r e  4 . 2  shows a s c h e m a t i c  o f  t h i s  

b o r e h o l e  s i t u a t i o n .  
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I n  d r y  r o c k ,  foam wou ld  be a f a v o r e d  d r i l l i n g  f l u i d  

i n  t h e  s e c t i o n  o f  t h e  h o l e  be low 2 5 O o F ,  i f  t h e  r o c k  i s  

e x t e n s i v e l y  f r a c t u r e d .  The f r a c t u r i n g  may be o f  t h e  n a t u r e  

t h a t  normal  d r i l l i n g  f l u i d s  wou ld  l o s e  c i r c u l a t i o n ,  and 

a i r  d r i l l i n g  wou ld  n o t  s u p p o r t  t h e  w a l l s  of t h e  h o l e  w h i c h  

were e x t e n s i v e l y  f r a c t u r e d  and f ragmen ted .  (See comments 

on l i f t i n g  c a p a c i t y  o f  foams i n  Chap te r  I . )  F i g u r e  4 . 3  
i n d i c a t e s  t h e  b o r e h o l e  e n v i r o n m e n t  where foam can be used 

t o  s u p p o r t  t h e  w a l l s  o f  a f r a c t u r e d  zone. 

EXTENSIVELY 
FRACTURED 

ZONE 

F i g u r e  4 . 3 .  Use o f  Foam t o  S u p p o r t  
t h e  W a l l s  o f  a F r a c t u r e d  
Zone 
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I n  s h a l l o w  h o l e s  above 2 5 O O F  where t h e r e  was e x t e n s i v e  

l o s t  c i r c u l a t i o n  foam wou ld  be a f a v o r e d  d r i l l i n g  f l u i d ,  

whereve r  t h e r e  were  f o r m a t i o n s L w i t h  a w a t e r  d r i v e  t h a t  

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

o f  t h e  foam sys tem as o u t l i n e d  i n  Append ix  A on Foam 

M a t h e m a t i c s  a l l o w s  a sys tem t o  be b u i l t  t h a t  can c i r c u l a t e  

and s t i l l  r e p r e s s  most o f  t h e  w a t e r  d r i v e .  Foam systems 

can be b u i l t  t h a t  w i l l  n o t  go f l a t  under  t h e  i n f l u e n c e  o f  

r e a s o n a b l e  amounts o f  w a t e r ,  so t h a t  t h e  d r i l l i n g  sys tem 

can  a c h i e v e  a p r a c t i c a l  b a l a n c e .  I n  h o t  systems o f  t h i s  

n a t u r e ,  t h e  i n s u l a t i n g  e f f e c t  o f  t h e  foam wou ld  t e n d  t o  

keep t h e  h o l e  f r o m  steam u n l a o d i n g  d u r i n g  non d r i l l i n g  

p e r i o d s .  

I n  deep h o l e s ,  foam a c t s  as a 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  a t  t h e  b o t t o m  o f  t h e  h o l e  due t o  t h e  compress ion  o f  

t h e  a i r .  The a i r  expands a t  t h e  t o p  o f  t h e  h o l e  and t h u s  

e f f e c t i v e l y  r e l i e v e s  t h e  p r e s s u r e  on t h e  upper  p a r t  o f  

t h e  b o r e h o l e  by a g r e a t e r  p e r c e n t a g e  t h a n  on t h e  b o t t o m  

o f  t h e  b o r e h o l e .  F i g u r e  2.2,  2.3, and 2.4 i n  Chap te r  I I  

show t h a t  t h e  e f f e c t i v e  foam d e s n i t y  i s  d r a s t i c a l l y  r e -  

duced n e a r  t h e  s u r f a c e .  

Equipment  f o r  Foam D r i l l i n g  

The equ ipmen t  n e c e s s a r y  f o r  foam d r i l l i n g  can be 

o b t a i n e d  f r o m  c o n v e n t i o n a l  a i r  d r i l l i n g  o p e r a t i o n s  equ ipment .  

1.  A i r  Compressors 

The a i r  compressors  n e c e s s a r y  f o r  foam d r i l l i n g  f a l l  

w i t h i n  t h e  range  o f  t h e  s m a l l e r  a i r  compressors  a v a i l a b l e  

f o r  a i r  d r i l l i n g .  The equ ipment  i s  e f f e c t i v e  and a v a i l a b l e .  

. 
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2. Pumps 

The m u d  pumps necessary for foam d r i l l i n g  are avail- 
able on the smaller rigs o r  from the equipment rental 
companies. Small duplex o r  triplex pumps in the 500 hp 

range and capable of pressures to 1,000 psi and volumes 
of u p  to 7 b b l  per minute fulfill most foam d r i l l i n g  
requirements. 

3. Foam Mixers 

The foam is mixed below the a i r  compressor and before 
going down the drill pipe. There are several mixing designs 
available, most use a venturi effect to jet the l i q u i d  into 
the compressed air column. These are relatively standard 
pieces of piping, are easy to bu i l d ,  and normally available 
from the compressor operator. 

4. Air/Mud Meters 

The mud meter most commenly used i s  the Halliburton 
"spinner" which is normally used to measure the volume of 
cement slurries. I t  has a certain amount of wear and 
Inaccuracies. The reciprocating mud p u m p  Is almost as 
accurate at the spinner, so mu d  flow rate measurements 
are available. A i r  volume measurements are usually made 
with a differential plate in the air line and a differential 
air meter at the compressor. This is a poor system because 
it does not allow a direct readout o f  the a i r  entering the 
hole. Better readouts that directly read a i r  volume are 
available and should be used. 
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The o n l y  equ ipmen t  tha t  i s  n o t  a v a i l a b l e  a t  t h e  p r e s e n t  

t i m e  i s  a d e v i c e  f o r  b r e a k i n g  t h e  foam so  t h a t  t h e  l i q u i d  

c a n  be d i s p o s e d  o f  o r  c l e a n e d  and r e m i x e d  t o  foam a g a i n .  

Foam i s  used o n  a o n c e  t h r o u g h  b a s i s  w h i c h  adds s i g n i f i c a n t l y  

t o  t h e  c o s t  o f  u s i n g  foam. S i n c e  t h e  m a t e r i a l  i s  d i s c h a r g e d  

as  a p e r s i s t e n t  foam, t h e r e  a r e  a r e a s  where  i t  c a n n o t  be 

used because i t  c a n n o t  be pumped, moved, o r  c l e a n e d  up 

u n t i l  t h e  foam b r e a k s .  

T h e r e  has  been v e r y  l i t t l e  e f f o r t  made t o  b r e a k  d r i l l i n g  

foams. They a r e  n o t  p o l l u t a n t s  i n  t h e  c h e m i c a l  sense and 

so a r e  a l l o w e d  t o  l i e  i n  t h e  p i t s  u n t i l  t h e y  e v e n t u a l l y  

d i s a p p e a r .  I n  some a r e a s  t h i s  can t a k e  y e a r s .  

A major improvement  i n  t h e  u s e  o f  foam d r i l l i n g  f l u i d s  

w o u l d  be  t h e  a b i l i t y  t o  b r e a k  t h e  foam and r e u s e  t h e  c h e m i c a l  

and i n h i b i t o r s .  The foam i s  p e r s i s t e n t  and has a d e n s i t y  

o f  a b o u t  1 ppg w i t h  t h e  appearance  o f  f o a m i n g  s h a v i n g  cream. 

I t  i s  d i f f i c u l t  t o  t r a n s p o r t  t o  any p a r t i c u l a r  p o i n t  because 

i t  c a n n o t  be pumped o r  s h o v e l e d .  It can  somet imes be  

h a n d l e d  b y  vacuum t r u c k  w i t h  d i f f i c u l t y .  Because o f  t h e s e  

p r o b l e m s  and because t h e  foam has g e n e r a l l y  been used 

i n  d e s e r t  o r  a r c t i c  a r e a s ,  t h e r e  has been l i t t l e  done t o  

d e v e l o p  methods o f  r e u s i n g  t h e  foam o r  s i m p l y  b r e a k i n g  i t  

f o r  d i s p o s a l .  

O p e r a t i o n a l  E n v i r o n m e n t s  f o r  Foams 

1.  A v a i l a b l e  Foams F r e s h  Water 

The p r e s e n t  foam systems a r e  e f f e c  i v e  i n  f r e s h  wa 

e n v i r o n m e n t s  b e l o w  a t e m p e r a t u r e  o f  250°F. The foam i s  

s t a b l e  and p e r s i s t e n t .  Water  d i l u t i o n  f r o m  s u b s u r f a c e  

w a t e r  f l o w s  a c t s  o n l y  t o  r e d u c e  t h e  q u a l i t y  o r  p e r c e n t  

a i r  i n  t h e  foam. 

tr 
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2. A v a i l a b l e  Foams S a l t  Water  W 

c 

P r e s e n t  foam systems a r e  p a r t l y  e f f e c t i v e  i n  s a l t  

w a t e r  sys tems.  I n  g e n e r a l ,  as t h e  s a l t  or m i n e r a l  

c o n t e n t  o f  t h e  w a t e r  i n c r e a s e s ,  t h e  f o a m i n g  a g e n t  becomes 

l e s s  e f f e c t i v e  and more f o a m i n g  a g e n t  must  be used.  Wi th  

s a t u r a t e d  s u b s u r f a c e  w a t e r s ,  t h e  foam t e n d s  t o  go f l a t  

and l o s e  i t s  f o a m i n g  a b i l i t y .  A t  p r e s e n t  t h e  most  e f f e c t i v e  

t e c h n i q u e  t o  d e a l  w i t h  t h i s  p r o b l e m  i s  t o  make t h e  foam 

w i t h  f r e s h e r  w a t e r  and t o  m a i n t a i n  enough foam head a g a i n s t  

t h e  f o r m a t i o n  t o  r e p r e s s  t h e  f o r m a t i o n  w a t e r  d r i v e .  More 

e f f e c t i v e  foams o r  f o a m i n g  a g e n t s  need t o  be d e v e l o p e d  f o r  

h i g h  s a l t  w a t e r  systems.  

3 .  Hot F r e s h  Systems 

A t  t e m p e r a t u r e s  above 2 5 0 ° F ,  t h e  f r e s h  w a t e r  foams 

g e n e r a l l y  become i n e f f e c t i v e  as t h e  f o a m i n g  a g e n t  i s  b r o k e n  

down b y  t h e  h e a t .  O n l y  one  m a t e r i a l  was e f f e c t i v e  a t  SOO'F 

and t h a t  was t h e  o n l y  s o l i d  f o a m i n g  m a t e r i a l  t e s t e d ,  

S u l f o t e x  LAS 9 0 .  I t  i s  t h e n  bo h p o s s i b l e  and p r a c t i c a l  

t o  b u i l d  h i g h - t e m p e r a t u r e  d r i l l  n g  foams t h a t  w i l l  have  

h i g h  l i f t i n g  c a p a c i t i e s  and v a r  a b l e  co lumn d e n s i t y .  

4. Hot S a l i n e  Water  Systems 

A t  h i g h  t e m p e r a t u r e s ,  i t  appears  t h a t  t h e r e  i s  no  

foaming a g e n t  a v a i l a b l e  t h a t  i s  e f f e c t i v e  i n  s a t u r a t e d  or 
n e a r  s a t u r a t e d  s a l i n e  w a t e r  sys tems.  T h i s  poses  t w o  

l i m i t a t i o n s  t o  t h e  c o n t i n u e d  deve lopment  o f  foam sys tems.  

65 



a. Water influx into the bore will flatten 
a foam and make it impossible to regain cir- 
culation from the bottom. The bit will have to 
be pulled u p  and circulation regained above the 
saturated water flow and then t r y  to foam the head 
of it off going back in the hole. Experience 
indicates that this is easier to say then to do 
and causes great operation difficulties. 

b. The foaming agent must be made u p  with 
fresh water. In many of the potential areas 
where foam would be a favored d r i l l i n g  f l u i d ,  
saline Qr saturated water is available, b u t  fresh 
water is very expensive. One of the major limitations 
to previous uses o f  foam and to the use o f  mist 
chemicals with a i r  d r i l l i n g  has been the necessity 
of u s i n g  fresh water. To the degree t h a t  the 
hole stays cool, this problem has been solved at 
least in part. H i g h  temperature, however, flattens 
all of the foams and makes all known foaming agents 
ineffective in saturated saline and chemical 
sys terns. 
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i 
I 
I 
1 -  

V FOAM TEST PROCEDURES 

INTRODUCTION 

Foams were  g e n e r a t e d  by t h e  two f o l l o w i n g  b a s i c  

methods i n  t h i s  e v a l u a t i o n :  

1 .  By i n j e c t i o n  o f  w a t e r  s o l u t i o n s  o f  t h e  
foamers  i n t o  an a i r  s t r e a m  i n  a co lumn 

2. By a g g i t a t i o n  o f  w a t e r  s o l u t i o n s  o f  t h e  
foamers  w i t h  a h i g h  speed m i x e r  

\r 

L i q u i d  c a r r y - o v e r  was measured i n  t h e  co lumn t e s t .  

Foam volume ( q u a l i t y )  and d r a i n a g e  t i m e  were measured on 

t h e  foams g e n e r a t e d  w i t h  t h e  h i g h  speed m i x e r .  foams 

were  g e n e r a t e d  w i t h  e i g h t  o f  t h e  commerc ia l  foamers  w h i c h  

were  s u b m i t t e d .  T e s t s  were p e r f o r m e d  w i t h  t h e  foamers ,  

as  r e c e i v e d ,  and a l s o  w i t h  t h e  foamers w h i c h  were exposed t o  

500°F-375 p s i  f o r  1 6  h o u r s .  A s t a n d a r d  t e n  f o o t  A P I  co lumn 

was compared w i t h  a f i v e  f o o t  co lumn.  

O t h e r  p r o p e r t i e s  o f  t h e  foams w h i c h  were  measured i n -  

c l u d e d  c o r r o s i o n  r a t e ,  pH, and s u r f a c e  t e n s i o n .  These 
t e s t s  were  r u n  on  w a t e r  s o l u t i o n s  o f  t h e  foamers ,  as 

r e c e i v e d ,  and a f t e r  e x p o s u r e  t o  500°F-375  p s i  f o r  16 h o u r s .  

Column T e s t s  

L i q u i d  Car ry -Over  by 0.15% Foamer i n  D i s t i l l e d  Water  

I n i t i a l l y ,  a l l  o f  t h e  c o m m e r c i a l l y  a v a i l a b l e  foaming  

a g e n t s  w h i c h  were  t e s t e d  removed l a r g e  amounts o f  l i q u i d  

f rom t h e  f i v e  f o o t  co lumn as  shown i n  F i g u r e  5.1. T e x t i l a n a ' s  

S u l f o t e x  LAS-90 and Barold's S u r f l o  S375 removed a p p r o x i m a t e l y  

15% more l i q u i d  f r o m  t h e  co lumn t h a n  t h e  o t h e r  foamers w h i c h  
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F O A M S  G E N E R A T E D  B Y  A I R  I N J E C T I O H  

L i q u i d  C a r r y - O v e r  From A 5 F o o t  Column C o n t a i n i n g  0 . 1 5 %  Foamer I n  D i s t i l l e d  Water 
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were t e s t e d .  T e x t i l a n a ' s  S u l f o t e x  R I F  c o a t e d  t h e  l u c i t e  

co lumn w i t h  an o i l y  f i l m  t h a t  was d i f f i c u l t  t o  remove. 

A f t e r  a g i n g  a t  500°F-375 p s i  f o r  16 h o u r s ,  T e x t i l a n a ' s  

S u l f o t e x  LAS-90 removed a b o u t  t h e  same amount o f  l i q u i d  

f r o m  t h e  f i v e  f o o t  co lumn as b e f o r e .  T r e t o l i t e ' s  Tol-Foam 

TD-1 a l s o  removed n e a r l y  as much l i q u i d  a f t e r  exposure  a t  

500'F as  b e f o r e  b u t  a g a i n  t h e  amount w a s  a p p r o x i m a t e l y  

15% l e s s  t h a n  t h a t  removed by t h e  S u l f o t e x  LAS-90. T e x t i l a n a ' s  

S u l f o t e x  RIF ,  C a r d i n a l ' s  CF-2, and M i l c h e m ' s  Amp l i f oam d i d  

n o t  foam a f t e r  a g i n g  a t  500°F. The o t h e r  m a t e r i a l s  w h i c h  

were t e s t e d  foamed, b u t  a much s m a l l e r  amount o f  l i q u i d  was 

removed by  t h e s e  foamers  a f t e r  exposure  t o  500°F. 

S i m i l a r  t r e n d s  were obse rved  on t e s t s  c o n d u c t e d  w i t h  a 

s t a n d a r d  t e n  f o o t  API column as shown I n  F i g u r e  5.2. The 

foamers  w h i c h  removed t h e  l a r g e s t  amounts o f  l i q u i d  on t h e  

f i v e  f oo t  co lumn a l s o  removed t h e  l a r g e s t  amounts o f  l i q u i d  

on  t h e  t e n  f o o t  co lumn.  I n i t i a l l y ,  t h e  amount o f  l i q u i d  

removed by  T e x t i l a n a ' s  S o l f o t e x  LAS-90 and B a r o i d ' s  S u r f l o  S375 
was 20%-30% h i g h e r  t h a n  t h a t  removed by t h e  o t h e r  foamers .  

O n l y  l i q u i d  and no foam was c o l l e c t e d  a t  t h e  d i s c h a r g e  

p o r t  when T r e t o l i t e ' s  Tol-Foam TD-1 was t e s t e d .  The s i z e  o f  

t h e  b u b b l e s  formed by C a r d i n a l ' s  CF-2 on t h e  t e n  f o o t  column 

were  much s m a l l e r  t h a n  t h o s e  formed by t h e  o t h e r  m a t e r i a l s .  

G e n e r a l l y ,  a s m a l l e r  volume o f  l i q u i d  was removed f r o m  t h e  

t e n  f o o t  co lumn t h a n  f r o m  t h e  f i v e  f o o t  column. 

A f t e r  a g i n g  1 6  h o u r s  a t  500°F-375 p s i ,  T e x t i l a n a ' s  

S u l f o t e x  LAS-90 removed as much l i q u i d  as when t e s t e d  

I n i t i a l l y .  T e x t i l a n a ' s  S u l f o t e x  R I F ,  B a r o i d '  S u r f l o  S375, 
C a r d i n a l ' s  CF-2, and M i l c h e m ' s  Amp l i f oam f a i l e d  t o  remove any 

l i q u i d  f r o m  t h e  t e n  f o o t  co lumn a f t e r  b e i n g  exposed t o  5OO0F. 

The r e m a i n i n g  m a t e r i a l s  removed some l i q u i d  f r o m  t h e  t e n  f o o t  

co lumn a f t e r  b e i n g  exposed t o  500°F, b u t  t h e i r  a b i t i r p  to 

remove l i q u i d  was s e v e r e l y  reduced.  
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L i q u i d  C a r r y - O v e r  by 0.75% Foamer in Ten Percent 
Sodium Chloride Solution 

When tested initially on the five foot column, seven 
o f  the foamers removed large amounts of salt water from the 
column. Textilana's Sulfotex LAS-90 removed about 20% 
less salt water than thewather foamers as shown in F i g u r e  
5.3. The volume o f  salt water removed by  the other seven 
materials was within 6% of each other. 

After a g i n g  16 hours at 500°F-375 psi, only Magcobar's 
D r i l l i n g  Soap B removed a n y  salt water from the five foot 
column. Even here the amount of salt water removed was very 

low compared to t h a t  removed initially. 

Similar results were obtained on the ten foot column 
as shown in- Figure 5.4. Here again Textilana's Sulfotex 
LAS-90 removed the .lowest amount of salt water initially. 
Tretolite's Tol-Foam TD-1 removed a little more salt water 
than the Sulfotex LAS-90. The remaining materials removed 
about the same amount o f  salt water. 

After exposure to SOOOF, again, only Magcobar's 
D r i l l i n g  Soap B removed a n y  salt water. The amount removed 
on the ten foot column was even lower than that removed on 
the five foot column. 
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F O A M S  G E N E R A T E D  B Y  A I R  INJECTION 
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Foams Generated W i t h  a Mixer 

Foams from 0.5% Foamer in Distilled Water 

Figure 5.5 shows that initially foam volumes of 6 to 7.5 
times the volume of foamer solution could be generated by a 
h i g h  speed Fixer. Foam q u a l i t y ,  as indicated by  the volume 
obtained from 100 ml of foamer solution, increased when salt 
water was added a n d  the solution was stirred at h i g h  speed. 

Textilana's Sulfotex LAS-90 was the only material tested 
which foamed when stirred with the h i g h  speed mixer after 
aging 16 hours a t  500°F-375 psi. The q u a l i t y  of the foam 
formed after heating the Sulfotex L A S - 9 0  to S O O O F  was almost 
identical to the foam q u a l i t y  measured initially. 

Table 5.1 shows t h a t  initially the time required for ha 
o f  the l i q u i d  to drain from the foam generated with a h i g h  
speed mixer was between 3 - 1 / 2  a n d  5 minutes. No significant 
change in the drainage time occurred when the samples were 
restirred. Addition of 25 ml of a 1 %  salt solution reduced 

f 

the drainage time for all o f  the foamers except for Magcobar's 
Drilling Soap B. A further reduction in the drainage time 
occurred when the samples were restirred, except for Milchem's 
Amplifoam which increased slightly. 
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b . C e 
F O A M S  GEN-ERATED WITH A M I X E R  

F i g u r e  5 . 5 .  Foam Volume O b t a i n e d  From 100 m l  o f  0 . 5 %  Foamer i n  D i s t i l l e d  \ l a t e r  
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T A B L E  5 . 1 .  

t , 
AFTER ADDITION OF 25 m l  OF 1% SALT SOLUTlOh 

I 

FOAMS GENERATED WITH A H lXER 

F IRST DRAINAGE 
TINE,  
Sec 

T l H E  REQUIRED FOR HALF OF THE LlQUlO TO DRAIN* 

SECOND DRAINAGE 
TlflE , 
Sec 

SAHPLE 
IDENTIF ICATION 

AQUANE SS H/A- 945 

TRETOLITE TOL-FOAH TD-1 
~ ~~ ~~- - 

TEXTILANA SULFOTEX R-IF 1 225.6 

F I RST DRA I NACE 
TIHE,  
Sec 

247 7 

229.2 
~ ~~~ - - 

199.3 

278.5 

288.6 

299.5 

MACCOBAR D R I L L I N G  SOAP 8 I 214.7 

156.5 I 

241.4 235.7 

165 
.- 

260.4 220.3 

234.4 1 22 5 

TEXTILANA SULFOTEX LAS-90 

BAROID SURFLO S375 

CARD I NAL CF-2 

SECOND DRAINAGE 
TlHE , 
Sec I 

286.8 

264.7 

291 

172 

* I n i t i a l  T e s t s  - 0.5% Foamer in D i s t i l l e d  Water 

c- * .1 dc' 



: - i  

I 
i 

' i  

Foams from 1 . 0 %  Foamer in Distilled Water 

Foam volumes generated when 100 ml of 1.0% Foamer were 
stirred on the h i g h  speed mixer were only slightly higher 
t h a n  volumes obtained from 0.5% solutions as shown in Figure 5.6. 
The effect of salt water additions and h i g h  temperature a g i n g  
were almost identical as those previously observed on the 0.5% 
solutions. Again only Textilana's Sulfotex LAS-90  foamed 
after exposure to 500°F a n d  the results obtained on the 
unheated sample were almost identical to those on the static 
aged sample. 

Table 5.2 shows t h a t  the initial drainage times for the 
1.0% solution of foamers was s i m i l a r  to those of the 0.5% 
solutions. Addition of salt water reduced the drainage time 
f o r  all of the foamers tested at 1.0% concentration. No 

significant change in the drainage times occurred when the 
samples were restirred. 

A comparison of the drainage times obtained on solutions 
o f  Textilana's Sulfotex LAS-90 i s  shown in Table 5.3. After 
exposure to 500°F only a s l i g h t  reduction in the drainage time 
occurred. 
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TABLE 5.2. 

FOAMS GENERATED WITH A MIXER 

T IME REQUIRED FOR HALF OF THE L I Q U I D  TO DRAIN* 

SAMPLE 
IDENTIF ICATION 

AFTER ADDITION OF 25 m l  OF 1% SALT SOLUTION 
I 

FIRST DRAINAGE SECOND DRAINAGE F I RST DRA I NAGE SECOND DRAINAGE 
TIME, TIME, TIME, TIME, 

Sec Sec Sec Sec I 

BAROID SURFLO S375 

CARD I NAL CF-2 349 351 .a 228 251 03 

MILCHEM AMPLIFOAM 332 6 307 211.7 221.5 

159.4 I 170.2 I MAGCOBAR DRILL ING SOAP B 1 ~ 266.1 I 249.6 

“ I n i t i a l  T e s t s  - 1.0% Foamer i n  D i s t i l l e d  Water 



TABLE 5 .  3 .  

FOAMS GENERATED WITH A MIXER 

DRAINAGE T I M E  FOR T E X T I L A N A ' S  SULFOTEX LAS-90  MEASURED I N I T I A L L Y  
AND AFTER AGING A T  500°F-375 P S I  FOR 16 HOURS 

c 



S u r f a c e  T e n s i o n  

F i g u r e s  5.7 and 5.8 show t h a t  a l l  o f  t h e  foamers  w h i c h  

were  t e s t e d  l o w e r e d  t h e  s u r f a c e  t e n s i o n  o f  d i s t i l l e d  w a t e r  

and a t e n  p e r c e n t  sod ium c h l o r i d e  s o l u t i o n .  A f u r t h e r  r e -  

d u c t i o n  i n  t h e  s u r f a c e  t e n s i o n  o f  d i s t i l l e d  w a t e r  s o l u t i o n s  

o c c u r r e d  when seven o f  t h e  foamers were  exposed t o  500°F- 

375 p s i  f o r  16 h o u r s .  A s l i g h t  i n c r e a s e  i n  t h e  s u r f a c e  t e n s i o n  

o f  d i s t i l l e d  w a t e r  o c c u r r e d  a f t e r  C a r d i n a l ' s  CF-2 w a s  h e a t e d  

t o  5OO0F. 

F u r t h e r  r e d u c t i o n s  a l s o  o c c u r r e d  i n  t h e  s u r f a c e  t e n s i o n  

o f  t h e  t e n  p e r c e n t  s a l t  w a t e r  t r e a t e d  w i t h  most  o f  t h e  foamers  

w h i c h  were  h e a t e d  t o  500°F. No change i n  t h e  s u r f a c e  t e n s i o n  

o c c u r r e d  when t h e  s a l t  w a t e r  was t r e a t e d  w i t h  T e x t i l a n a ' s  

LAS-90 w h i c h  was exposed t o  h i g h  t e m p e r a t u r e .  A s l i g h t  

i n c r e a s e  i n  t h e  s u r f a c e  t e n s i o n  was a g a i n  o b s e r v e d  f o r  t h e  

s a l t  w a t e r  w h i c h  c o n t a i n e d  C a r d i n a l ' s  CF-2 a f t e r  b e i n g  h e a t e d  

t o  500OF. 

C o r r o s i o n  T e s t s  

The c o r r o s i o n  r a t e  o f  m i l d  s t e e l  coupons expased t o  w a t e r  

s o l u t i o n s  o f  t h e  foamers  f o r  16  h o u r s  a t  500°F-375  p s i  i s  

shown I n  F i g u r e  5.9. The c o r r o s i o n  r a t e  o f  d i s t i l l e d  w a t e r  and 

t h e  t e n  p e r c e n t  sod ium c h l o r i d e  s o l u t i o n  i s  a l s o  shown f o r  

compar i son .  The o n l y  sample w i t h  a l o w e r  c o r r o s i o n  r a t e  t h a n  

t h e  u n t r e a t e d  w a t e r s  was t h e  sample t r e a t e d  w i t h  T e x t i l a n a ' s  

S u l f o t e x  LAS-90. S e v e r a l  o f  t h e  s a l t w a t e r  s o l u t i o n s  t e s t e d  

had c o r r o s i o n  r a t e s  g r e a t e r  t h a n  50 m i l s  p e r  y e a r .  C o r r o s i o n  

r a t e s  above t h i s  l e v e l  a r e  o f t e n  c o n s i d e r e d  e x c e s s i v e .  O n l y  
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S U R F A C E  T E N S I O N  OF F O A M E R S  

1 

Figure 5.8. 0.75% FOAtIER IN A T E N  P E R C E N T  S O D I U M  C H L O R I D E  S O L U T I O N  
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one  o f  t h e  m a t e r i a l s  t e s t e d ,  M i l c h e m ' s  Amp l i f oam,  had a 

c o r r o s i o n  r a t e  i n  excess  o f  50 m i l s  p e r  y e a r  i n  f r e s h  

w a t e r .  

pH 

A d d i t i o n  o f  0 . . 5 %  o f  t h e  foamers  t o  d i s t i l l e d  w a t e r  

i n c r e a s e d  t h e  pH t o  7.4 - 8.6 a s  shown i n  T a b l e  5.3.  
A f t e r  a g i n g  16 h o u r s  a t  500°F  - 375  p s i ,  t h e  pH was reduced  

t o  v a l u e s  r a n g i n g  f r o m  3 t o  4 on  samples c o n t a i n i n g  

AQUANESS N / A - 9 4 5 ,  T r e t o l i t e ' s  Tol -Foam TD-1, T e x t i l a n a ' s  

S u l f o t e x  RIF ,  and B a r o i d ' s  S u r f l o  S 3 7 5 .  

T a b l e  5.4 shows t h a t  t h e  pH o f  t h e  t e n  p e r c e n t  sod ium 

c h l o r i d e  was n e a r l y  n e u t r a l  or s l i g h t l y  a l k a l i n e  when 

t r e a t e d  w i t h  0.75% o f  t h e  foamers .  A f t e r  a g i n g  a t  5 O O 0 F  
samples c o n t a i n i n g  t h e  same m a t e r i a l s  a s  m e n t i o n e d  e a r l i e r  

became a c i d i c  w i t h  pH 's  r a n g i n g  f r o m  2.9 t o  3 .1 .  

bi 

. 
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F i g u r e  5.3 CORROSION R A T E S  O F  FOAtfEnS 



T A B L E  5 . 4 .  
pH O F  0 . 1 5 %  F O A M E R  I N  D I S T I L L E D  W A T E R  

U 

CARD I NAL CF-2 7.7 

SAMPLE pH AFTER AGING 
I D E N T I  F I CAT I ON 16 HOURS AT 

3.8 

T E X T I L A N A  SULFOTEX LAS-90  1 8.5 I 8.1 

BAROID SURFLO S375 I 7.6 I 3.1 

M I L C H E M  AMPLIFOAM I 8.6 I 8.3 

MAGCOBAR D R I  LL ING SOAP B I 7.8 I 7.1 



T A B L E  5 .  5 .  

pH OF 0.75% FOAMER I N  A TEN PERCENT 

SODIUM CHLORIDE SOLUTION 

16 HOURS AT I D E N T I F I C A T I O N  

MAGCOBAR D R I L L I N G  SOAP 6 6.8 7.4 

. 





V I  SELECTION A N D  TESTING OF FOAMS 

. 

W 

C o m m e r c i a l l y  a v a i l a b l e  foamers  used i n  d r i l l i n g  

o p e r a t i o n s  a r e  n o r m a l l y  p r o p r i e t a r y  b l e n d s .  McCutcheon 's  

D e t e r g e n t s  and E m u l s i f i e r s  l i s t s  o v e r  2,000 m a t e r i a l s  

and 49 c l a s s e s  o f  c h e m i c a l s  f r o m  o v e r  I50 s u p p l i e r s  i n  

t h e i r  1978 N o r t h  Amer ican E d i t i o n .  Samples o f  foamers 

c u r r e n t l y  b e i n g  used were  r e q u e s t e d  f r o m  many o f  t h e  

l a r g e r  m a n u f a c t u r e r s  and s u p p l i e r s .  T a b l e  6.1 c o n t a i n s  

a l i s t  o f  36  samples,  s u b m i t t e d  by 15 s u p p l i e r s .  These 

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

g a t  i o n .  

TABLE 6 . 1  
ALCO FAR-BEST 

Trenamine AL-19 Thermofoam BW-D 

AQUANESS CHEMICAL COMPANY 
M/A  877 
M / A  941 
M / A  945  

BR I NAD0 
B r i n e f o a m  

CARDINAL C O M P A N I E S  
CF-2 

DAVE NAGEL 
ON- 100 
ON-200 

D R E S S E R  MAGCOBAR 
D r i l l i n g  Soap A 
D r i l l i n g  Soap B 
D r i l l i n g  Soap C 
Unmarked Sample 

DUPONT 
Z o n y l  FSA 
Z o n y l  FSB 
Z o n y l  FSC 
Z o n y l  FSJ 
Z o n y l  FSN 
Z o n y l  FSP 

M I  LCHEM 
Ampl i -Foam 
G e l - A i r  

NL B A R O I D  PETROLEUM S E R V I C E S  
S u r f l o  S 362 
S u r f l o  S 375  
S u r f l o  S 378  
S u r f l o  S 390 

SELECT CHEMICAL COMPANY 
S C  403 
S C  404 

SOONER CHEMICAL COMPANY 
C I  800 
MF 250 

TEXTILIANA 
S u l f o t e x  A O S  
S u l  f o t e x  LAS-90 
S u l f o t e x  P A 1  
S u l f o t e x  R I F  
Sulfotex SAL 

TRETOLITE D I V I S I O N  
Tol -Foam TD-1 
Tol -Foam TO-12 
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E i g h t  o f  t h e  m a t e r i a l s  i n  T a b l e  6.1 were  s e l e c t e d  

f o r  t e s t i n g .  S e l e c t i o n  was based on a v a i l a b i l i t y  o f  a 

s u f f i c i e n t  amount o f  sample t o  c o m p l e t e  a l l  t e s t s  and t i m e l y  

r e c e p t i o n  o f  t h e  samples .  The number o f  samples w h i c h  

c o u l d  be t e s t e d  was l i m i t e d  by t i m e  r e s t r a i n t s  t o  e i g h t  

samples.  The f o l l o w i n g  m a t e r i a l s  were  s e l e c t e d .  

. AQUANESS M I A  - 945 

. TRETOLITE TOL-FOAM TD - 1 

. TEXTILANA SULFOTEX R I F  

. TEXTILANA SULFOTEX LAS - 90 

. B A R O I D  SURFLO S-375 

. CARDINAL CF-2 

. MILCHEM AMPLIFOAM 

. MAGCOBAR DRILLING SOAP B 

The foamers  were  t e s t e d  i n i t i a l l y  and a f t e r  e x p o s i n g  

w a t e r  s o l u t i o n s  o f  t h e  m a t e r i a l s  t o  S O O O F  a t  an  a p p l i e d  

n i t r o g e n  p r e s s u r e  o f  375 p s i  f o r  1 6  h o u r s .  Foams were  

g e n e r a t e d  by  i n j e c t i n g  a s o l u t i o n  o f  t h e  foamer i n t o  an  

a i r  s t r e a m  i n  a co lumn and by  s t i r r i n g  a s o l u t i o n  o f  t h e  

foamer w i t h  a h i g h  speed m i x e r .  O t h e r  t e s t s  i n c l u d e d  t h e  

c o r r o s i o n  r a t e  o f  m i l d  s t e e l ,  pH, aqd s u r f a c e  t e n s i o n  

measurements on w a t e r  s o l u t i o n s  o r  10% sod ium c h l o r i d e  

s o l u t i o n s  of  t h e  foamers .  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 s e  

t e s t s  f o l l o w s .  

Column T e s t i n g  o f  Foamers 

T h i s  t e s t  i s  a m o d i f i c a t i o n  o f  an  A P I  p r o c e d u r e  fo r  

t e s t i n g  f o a m i n g  a g e n t s  f o r  u s e  i n  m i s t  d r i l l i n g ?  The 

co lumn t e s t  i s  s e t  up t o  s i m u l a t e  w e l l  d e s i g n  and d r i l l i n g  

p r a c t i c e s ,  as w e l l  as t o  p r o v i d e  a p r o c e d u r e  w h i c h  can  be 

1. API  RP-46 
i 

I 
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e a s i l y  r e p r o d u c e d  i n  most l a b o r a t o r i e s .  

B a s i c a l l y ,  t h e  t e s t  i n v o l v e s  i n j e c t i o n  o f  a i r  and a 

f o a m i n g  a g e n t  s o l u t i o n  i n t o  t h e  b o t t o m  o f  a model w e l l  

column. The a i r  and l i q u i d  m i x  p roduces  foam. The foam 

r i s e s  t o  t h e  t o p  o f  t h e  co lumn and e x i t s  t h r o u g h  an o u t l e t  

p o r t  and i n t o  a t a r e d  c o n t a i n e r .  The m a t e r i a l  c o l l e c t e d  i s  

we ighed and t h e  w e i g h t  c o n v e r t e d  t o  volume. S i n c e  a i r  and 

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

v a r i o u s  amounts o f  foam c o l l e c t e d  a r e  used t o  r a t e  each o f  

t h e  p r o d u c t s  t e s t e d .  

Equ i pmen t 

The i n d i v i d u a l  components o f  t h e  co lumn sys tem a r e  

l i s t e d  b e l o w  (see  F i g u r e  6 .1 ) .  

1.  

2 .  

3 .  

4. 

Pump: A p o s i t i v e  d i s p l a c e m e n t  pump i s  used f o r  
c o n t i n u o u s  i n j e c t i o n  o f  ' s tandard  s o l u t i o n s  o f  
t h e  foaming  a g e n t s  i n t o  t h e  co lumn.  A back  p r e s s u r e  
v a l v e  i s  i n c l u d e d  downstream i n  t h e  d i s c h a r g e  l i n e  
t o  a i d  i n  m a i n t a i n i n g  a c o n s t a n t  f l o w  r a t e .  

R e s e r v o i r :  A 4 l i t e r  r e s e r v o i r  w i t h  a m a g n e t i c  
s t i r r e - r  i s  a t t a c h e d  t o  t h e  i n t a k e  l i n e  o f  t h e  pump. 

Column: A 10 f o o t  column made o f  c l e a r  l u c i t e  i s  
used i n  t h e  A P I  t e s t i n g  p r o c e d u r e  ( see  F i g u r e  6.1) .  
A 5 f o o t  co lumn i s  used i n  a m o d i f i c a t i o n  o f  t h e  A P I  
p r o c e d u r e .  O t h e r  t h a n  h e i g h t ,  t h e  5 f o o t  co lumn i s  
i d e n t i c a l  i n  a l l  o t h e r  d imens ions  t o  t h e  10 f o o t  co lumn.  
Removeable p l u g s  a r e  l o c a t e d  a t  t h e  t o p  and b o t t o m  
o l  each column. 

A i r - l i q u i d  i n l e t  t ube :  A 3 / 4  i n c h  d i a m e t e r  s t a i n l e s s  
s t e e l  t u b e  is c e n t e r e d  i n s i d e  t h e  co lumn and emerges 
t h r o u g h  a c o n c e n t r i c  o p e n i n g  i n  t h e  t o p  p l u g .  A "T" 
t y p e  c o n n c e t i o n  a t  t h e  t o p  p r o v i d e s  i n l e t s  f o r  a i r  
and t h e  s t a n d a r d  foam s o l u t i o n s .  
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STl RRI NG 
PUMP 

BACK- I 
REGULATOR 

AGENT TANK 

RATE CF 
AGENT, 
80 ML/MIN 

3/4" CAP ON END OF STAINLESS 
STEEL TUBE WITH 4-3/32" 

I 
I SECTION A - A  

IO' 1'' 

RESULT-FLUID LEVEI., U CC IN IO  MIN 

*-LUCITE OR GLASS, 
IO'X 2-1/2" 

--k 

.. 

F i g u r e  6 . 1 .  L a b o r a t o r y  Apparatus For T e s t i n g  Foam Agents 
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5. F low  m e t e r :  A f l o r a t o r  i s  used t o  m o n i t o r  
a i r  f l o w .  An a i r  compressor  and r e g u l a t o r  
p r o v i d e  c o n s t a n t  a i r  p r e s s u r e .  

T e s t s  

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

i n  t h e  co lumn t e s t s :  

F r e s h  S a l t  
Water  Water 

D i s t i l l e d  Water ,  m l  13,000 13,000 
Sodium C h l o r i d e ,  gm 1,368 
Foaming Agent ,  % by volume 0.15 0.75 
S t i r r i n g  t i m e ,  m i n  5 5 

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

Each s t a n d a r d  s o l u t i o n  i s  t e s t e d  f o u r  t i m e s ;  t w i c e  on t h e  5 f t  

co lumn and t w i c e  on t h e  10 f t  column. The t e s t  p r o c e d u r e  i s  

as  f o l l o w s :  

1. Add 1 gm o f  140-mesh s i l i c a  f l o u r  t o  t h e  
b o t t o m  o f  t h e  d r y  co lumn t o  s i m u l a t e  t h e  
foam b r e a k i n g  e f f e c t s  o f  d r i l l e d  s o l i d s .  

2. Add 1 l i t t e r  o f  t h e  s t a n d a r d  t e s t  s o l u t i o n  
t h r o u g h  t h e  i n l e t  and i n t o  t h e  b o t t o m  o f  
t h e  column. Add 4 l i t e r s  o f  t h i s  s o l u t i o n  
t o  t h e  r e s e r v o i r .  

3 .  The pump o u t p u t  i s  a d j u s t e d  t o  80 m l /m in .  

4. A i r  f l o w  is a d j u s t e d  t o  2 s t a n d a r d  c u b i c  
f e e t  p e r  m i n u t e  t h r o u g h  a check l i n e  w h i l e  
t h e  i n l e t  v a l v e  t o  t h e  column 1s s h u t .  The 
v a l v e  t o  t h e  co lumn i s  t h e n  opened a t  t h e  
same t i m e  a t i m e r  i s  s t a r t e d .  
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5. T e s t  s o l u t i o n  f l o w  i n t o  t h e  co lumn Is 
s t a r t e d  as  soon as foam f r o m  t h e  i n i t i a l  
s o l u t i o n  i n  t h e  b o t t o m  o f  t h e  co lumn 
r e a c h e s  t h e  t o p  e x i t  p o r t  o f  t h e  co lumn.  

6. Foam o v e r f l o w  a t  t h e  t o p  o f  t h e  co lumn i s  
c o l l e c t e d  f o r  10 m i n u t e s .  

7. The foam i s  c o l l e c t e d  i n  a t a r e d  c o n t a i n e r  
and weighed.  T h i s  a l l o w s  t h e  vo lume o f  
t h e  l i q u i d  t o  be c a l c u l a t e d .  

8. S t e p s  2 - 8  a r e  r e p e a t e d  on b o t h  t h e  5 f t  
and 10  f t  columns. 

9. A f t e r  each  r u n ,  t h e  co lumn i s  t h o r o u g h l y  
f l u s h e d  w i t h  w a t e r .  B e f o r e  a new s t a n d a r d  
s o l u t i o n , i s  i n t r o d u c e d  i n t o  t h e  r e s e r v o i r ,  
t h e  e n t i r e  sys tem i s  f l u s h e d  w i t h  w a t e r  t o  
a v o i d  c o n t a m i n a t i o n  f r o m  t h e  p r e v i o u s  
sample.  

Foam S c r e e n i n g  T e s t  U s i n g  a H i g h  Speed M i x e r  t o  Genera te  
The Foam 

T h i s  t e s t  i s  a m o d i f i c a t i o n  o f  a t e s t  p r c e d u r e  t h a t  

was d e v e l o p e d  by  Chevron.  The p r o c e d u r e  used i n  t h i s  

i n v e s t i g a t i o n  is as f o l l o w s :  

1. P l a c e  100 m l  o f  d i s t i l l e d  w a t e r  i n t o  a 

2. Add foamer (1 /2  m l  o r  1 m l ) .  

3 .  M i x  i n  beaker  w i t h  a H a m i l t o n  Beach m i x e r  
fo r  30 seconds. 

4. Measure foam volume by r e a d i n g  the  g r a d u a t e d  
s c a l e  on  beaker  and r e c o r d .  

5. Measure t h e  t i m e  r e q u i r e d  f o r  50 m l  o f  l i q u i d  
t o  d r a i n  f r o m  t h e  foam a f t e r  t h e  m i x e r  i s  s h u t  
o f f  and r e c o r d  as t h e  f i r s t  d r a i n a g e  t i m e .  

1,000 m l  beaker .  
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6 .  

7 .  

8. 

9. 

Refoam b y  m i x i n g  o n  t h e  H a m i l t o n  Beach m i x e r  
f o r  30 seconds and o b t a i n  a second r e a d i n g  o f  
foam h e i g h t .  

Measure t h e  t i m e  r e q u i r e d  f o r  5 0  m l  o f  l i q u i d  
t o  d r a i n  f r o m  t h e  foam a f t e r  t h e  m i x e r  i s  s h u t  
o f f  and r e c o r d  as t h e  second d r a i n a g e  t i m e .  

Add 25 m l  o f  1 %  by w e i g h t  sod ium c h l o r i d e  s o l u t i o n  
t o  t h e  foam from 8 6 .  

S u r f a c e  T e n s i o n  

S t a n d a r d  s o l u t i o n s  o f  f o a m i n g  a g e n t s  were  p r e p a r e d  

a t  t h e  same c o n c e n t r a t i o n s  used i n  t h e  co lumn t e s t i n g .  

S u r f a c e  t e n s i o n s  o f  t h e  v a r i o u s  s t a n d a r d  s o l u t i o n s  were  

measured u s i n g  t h e  Graham T e n s i o m e t e r ,  shown i n  F i g u r e  

6 .2 .  The method o u t l i n e d  b e l o w  was used t o  c a l c u l a t e  t h e  

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

F i g u r e  6 . 2 .  

1 0 '  

11 

1s 

Graham T e n s i o m e t e r  Mounted i n  - 
(Draw ing  f r o m  U . S .  P a t e n t  #3,780,569) 

a M e t l e r  B a l a n c e  



Procedure for Usinq the Graham Tensiometer 

This method measures the upward force exertea on a small 
wire ring as the ring is pulled through a l i q u i d  to a i r  . 

interface. The upward force is opposed by the downward force 
exerted on the r i n g  by the elastic, membrane-like interface 
of the solution (see Figuro 6.3). 

I p=z 

1 

I 1 I 

f 
Lid' 

Figure 6.3. Condition o f  Surface F i l m  a t  Breaking Point 

The maximum resisting force, P, of the interface prior 
to rupture is defined as the apparent surface tension of the 
solution. The equation for calculating P is given below: 

P = !!% . . . . . . * .  ( 1 )  2L 

where 

P = apparent surface tension, dynes per cm 
Et * m a s s ,  grams 
L - mean circumference of r i n g  
g - acceleration of g r a v i t y  = 979.895 cm/sec2 
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ii Several physical occurrences arise between the r i n g  a n d  
the surface film at the point of rupture (see Figure 6 - 3 1 .  

1. Two surface films balance the upward p u l l ,  one 
interior to the r i n g  a n d  one exterior to the 
ring. 

the breaking point is less than the mean 
radius o f  the ring. 

and complicates the force balance calculation. 

2. The distance from the center of the ring to 

3. A small volume of l i q u i d  clings to the r i n g  

The occurrences necessitate an addition of a correction 
factor in the circulation. Zuidema and Waters' have 
published a formula which gives a correction factor, F ,  

accounting for these phenomena. Multiplication o f  the 
apparent tension by F gives the true value of surface 
tension, y: 

y = ,  . ( P ) ( F )  . . . . . . . ( 2 )  

1. Converting the Mettler Balance to a Tensiometer 

Conversion of the Mettler Balance to a tensiometer using 
the Graham Tensiometer i s  accomplished as follows: 

a. Remove pan from pan h o d ,  

b .  Remove pan brake from socket. 

c. Insert stem of p l a t i n u m  - irrfdium ring 
in p i n  vise section o f  tensiometer 
assembly. Lock pin vise. 

. 
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d. Hang t e n s i o m e t e r  assembly f r o m  pan hook. 

e. P l a c e  movab le  p l a t f o r m  assembly on 
b a l a n c e  f l o o r  b e n e a t h  Graham T e n s i o m e t e r .  

2. Measurement o f  S u r f a c e  T e n s i o n  

To measure s u r f a c e  t e n s i o n :  

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

b. Wi th  t h e  s o l u t i o n  i n  p l a c e  on t h e  p l a t f o r m ,  
r a i s e  t h e  p l a t f o r m  u n t i l  t h e  r i n g  i s  abou t  
2 mm. b e n e a t h  t h e  t e s t  s o l u t i o n  s u r f a c e .  

c .  D e t e r m i n e  t h e  a p p a r e n t  w e i g h t  o f  t h e  
assembly  ( w i t h  r i n g  submerged) u s i n g  
s t a n d a r d  a n a l y t i c a l  b a l a n c e  p r o c e d u r e .  
Record t h i s  w e i g h t ,  W 1 .  

d. W i t h  b a l a n c e  i n  " p a r t i a l  r e l e a s e l l  p o s i t i o n ,  
s l o w l y  l o w e r  the p l a t f o r m  so t h a t  t h e  r i n g  
s l o w l y  ascends t h r o u g h  i n t e r f a c e .  When 
movement o f  t h e  o p t i c a l  s c a l e  i n d i c a t e s  
t h a t  an "on s c a l e "  r e a d l n g  may be o b t a i n e d ,  
t h e  b a l a n c e  i s  p u t  i n  " f u l l  r e l e a s e "  
p o s i t i o n .  I f  f u r t h e r  l o w e r i n g  o f  t h e  
p l a t f o r m  p r o d u c e s  an o f f - s c a l e  r e a d i n g  
b e f o r e  r u p t u r e  o f  t h e  i n t e r f a c e ,  t h e  
b a l a n c e  i s  r e t u r n e d  t o  t h e  p a r c i a l  r e l e a s e  
p o s i t i o n  and t h e  w e i g h t  i n c r e a s e d  by 0.1 gm. 
C o n t i n u i n g  c a r e f u l l y  i n  t h i s  manner, t h e  
a p p a r e n t  a s s o c i a t e d  w i t h  i n t e r -  
f a c i a l  r u p t u r e  i s  o b t a i n e d .  Record t h i s  
w e i g h t ,  W2. 

H a v i n g  d e t e r m i n e d  M = Wp - W 1 ,  t h e  a p p a r e n t  s u r f a c e  t e n s i o n ,  

P,  i s  c a l c u l a t e d  f r o m  E q u a t i o n  ( 1 ) .  To d e t e r m i n e  t h e  

c o r r e c t i o n  f a c t o r ,  F. e n t e r  F i g u r e  6.6 w i t h  t h e  v a l u e  P/(D-d) .  

The t r u e  v a l u e  o f  s u r f a c e  t e n s i o n  i s ,  t h e n :  
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e. C l e a n i n g :  Accuracy  o f  s u r f a c e  t e n s i o n  
measurements depends s t r o n g l y  on t h e  
c l e a n l i n e s s  o f  t h e  p l a t i n u m  r i n g  s u r f a c e  
area .  Consequen t l y ,  t h e  r i n g  must be 
t h o r o u g h l y  c l e a n e d  b e f o r e  and a f t e r  each 
t e s t .  C lean t h e  p l a t i n u m  r i n g  by r i n s i n g  
i t  i n  m e t h y l  e t h y l  ke tone .  Then h e a t  i n  
t h e  o x i d i z i n g  p o r t i o n  o f  a gas f l a m e  u n t i l  
a " c h e r r y - r e d "  c o l o r  appears .  Flame o n l y  
t h a t  p o r t i o n  o f  t h e  r i n g  w h i c h  w i l l  be 
immersed i n  t h e  l i q u i d  under  t e s t .  

F i g u r e  6.4.  C o r r e c t i o n  F a c t o r  f o r  S u r f a c e  and 
I n t e r f a c i a l  T e n s i o n  by R i n g  Method 
( 6  cm R i n g )  
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V I 1  RECOMMENDED P R O G R A M  

C u r r e n t l y ,  foams used t o  d r i l l  g e o t h e r m a l  w e l l s  deg rade  

when exposed t o  h i g h  t e m p e r a t u r e s .  Many e x p e n s i v e  f i s h i n g  

j o b s  a r e  caused by t h e  c o r r o s i v e  e f f e c t s  o f  a c i d i c  p r o d u c t s  

fo rmed  when t h e  foaming  a g e n t s  degrade.  R a p i d  c o r r o s i o n  

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

c a u s i n g  a r e d u c t i o n  i n  t h e  pH o f  t h e  w a t e r  phase o f  t h e  

foam. The h i g h  c o s t s  f o r  u s i n g  foams i s  a l s o  i n f l u e n c e d  by 

t h e  f a c t  t h a t  t h e  f o a m i n g  a g e n t  i s  i n j e c t e d  c o n t i n u a l l y  a t  

t h e  s t a n d  p i p e  and d i s c a r d e d  a t  t h e  b l o o i e  l i n e .  

A p rog ram t o  d e v e l o p  improved foams s h o u l d  c o n s i s t  o f  

t h e  f o l l o w i n g  e l e m e n t s :  

1 .  Des ign ,  m a n u f a c t u r e ,  and t e s t  l a b o r a t o r y  -equipment 

2. Des ign ,  m a n u f a c t u r e ,  and t e s t  equ ipmen t  t o  r e c o v e r  

for t e s t i n g  foams a t  700°F. 

t h e  f o a m i n g  a g e n t  and remove s o l i d s  i n  o r d e r  t o  
r e c y c l e  t h e  foamer .  

3 .  Deve lop  improved foams f o r  u s e  a t  550°F .  

4.  Deve lop  improved  foams f o r  use  a t  700°F. 

T a b l e  7.1 c o n t a i n s  a p roposed  budge t  t o  s u p p o r t  t h i s  

p rogram.  
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Laboratory Equipment 

In order to develop foams capable of functioning under 
geothermal conditions, equipment suitable f c r  testing 
foamers must be developed. A laboratory instrument capable 
of generating foam, h n a t i n g  the foam to temperatures u p  to 
7OO0F, measuring the rheological characteristics at the 
elevated temperature, cooling the foam to near ambient 
temperature, and discharging the foam at atmospheric pressure 
must be developed. A 2-year program to design a n d  b u i l d  t h i s  
equipment should begin d u r i n g  FY-1979. 

The laboratory equipment should be designed to simulate 
the temperature and pressure experienced by foam i n  the 
d r i l l i n g  operation. A t  least two basic approaches should be 
considered in order to simulate the foam cycle. One approach 
would be to inject foamer into an air stream at approximately 
300 psi and rapidly heat the foam to elevated temperatures 
as the foam moves through the system. Pressure drop measure- 
ments could then be obtained at the elevated temperature. 
The foam would then have to be cooled rapidly and then discharged 
at atmospheric pressure. Temperatures and pressures could 
be simulated in this system, bu t  residence time would be very 
short compared to actual residence time in the hole. This 
system would be similar to a flow loop used to test d r i l l i n g  
muds. 

Anothcr approach which should be considered would be to 
aggitate the foamer in a closed vessel to simulate foam 
formation and movement in the d r i l l i n g  process. Pressure 
and temperature . could be closely controlled and monitored 
in this system. Residence time and the degree of aggitation 
could also be regulated in order to simulate the shear history 
experienced by  the foam. 
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Either of the above systems could be used to simulate 
pressure and temperature experienced b y  foams, b u t  the 
second system has the advantage of being able to simulate 
residence time of foams 

Field Equipment 

Equipment for deaerating the foam, removing-the solids 
from foams a n d  recycling the foaming agents must also 

I be developed. This program should begin d u r i n g  FY-1981. 

The design of this equipment should be complete by FY-1982. 
Equipment fabrication can be accomplished late in FY-1983. 
Field test should be scheduled for early in FY-1984. 

I 

, 
, Foam deaerating equipment must be capable of h a n d l i n g  
, the total flow from the well. Gas flow could range from 

350 to 500 cubic feet per minute. Techniques which should be 
I considered for deaerating the foam are sonic, vacuum, electrical, 
I chemical, and thermal. Chemical additions to foams m i g h t  cause 
I 

problems with reuse of the foams. A n y  material used to defoam 
the system would probably hinder the reformation of a foam. Use I 

~ 

I of thermal methods to break foams could also cause irreversible 
I 

changes in the chemical compositon of the foamer. A vacuum 
I 
I technique m i g h t  be suitable for separating the a i r  from the 

liquid, b u t  a major consideration must be the size o f  the 
equipment and the cost to operate this equipment. A n  electrical 
spark m i g h t  cause the l i q u i d  to se.parate from the a i r  without 
damaging the chemical foamer. H i g h  frequency sound has been 
used to defoam liquids which contained a small amount of 
entrained gas. Here again, equipment size, initial cost, and 
operating cost will be major considerations 

. 
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D e v e l o p i n g  Improved Foams 

The r e m a i n d e r  o f  t h e  p rog ram c o n s i s t s  o f  d e v e l o p i n g  

foamers  s t a b l e  a t  550°F and 700°F. These two t a r g e t  

t e m p e r a t u r e s  a r e  r e p r e s e n t e d  as s e p a r a t e  phases i n  t h e  

p r o j e c t  t o  d e v e l o p  improved foams. L a b o r a t o r y  equ ipmen t  

d e v e l o p e d  e a r l i e r  i n  t h e  p rog ram s h o u l d  be used t o  t e s t  

c a n d i d a t e  m a t e r i a l s .  

Phase I - 550°F 

I n  FY-1980 a s t u d y  s h o u l d  be i n i t i a t e d  t o  i n v e s t i g a t e  

foam sys tems w h i c h  w i l l  be s t a b l e  a t  550°F. The l a b o r a t o r y  

t e s t  p o r t i o n  o f  t h i s  s t u d y  s h o u l d  be c o m p l e t e  by t h e  m i d d l e  

o f  FY-1981. F i e l d  t e s t s  s h o u l d  be s c h e d u l e d  and conduc ted  

i n  FY-1982. T h i s  p r o j e c t  s h o u l d  be c o m p l e t e  by l a t e  i n  

FY- 1983. 

Phase I I  - 700°F 

I n  FY-1982, work  s h o u l d  b e g i n  on d e v e l o p i n g  foams 

s t a b l e  a t  700°F. L a b o r a t o r y  t e s t s  s h o u l d  be c o m p l e t e d  by  

FY-1983. Foam sys tems d e v e l o p e d  i n  t h i s  s t u d y  s h o u l d  be 

f i e l d  t e s t e d  d u r i n g  F Y - 1 9 8 4 .  A l l  work o n  d e v e l o p i n g  

improved  foams s h o u l d  be c o m p l e t e d  by FY-1985. 

T a b l e  7.2 c o n t a i n s  t h e  M i l e s t o n e s  f o r  t h i s  p rogram.  



L a b o r a t o r y  Equ ipment  

I n  o r d e r  t o  d e v e l o p  foams c a p a b l e  o f  f u n c t i o n i n g  under  

g e o t h e r m a l  c o n d i t i o n s ,  equ ipmen t  s u i t a b l e  f o r  t e s t i n g  

foamers  must  be deve loped .  A s i n g l e  pass  l a b o r a t o r y  i n -  

s t r u m e n t  c a p a b l e  o f  g e n e r a t i n g  foam, h e a t i n g  t h e  foam 

t o  t e m p e r a t u r e s  up t o  7OO0F, m e a s u r i n g  t h e  r h e o l o g i c a l  

c h a r a c t e r i s t i c s  at '  t h e  e l e v a t e d  t e m p e r a t u r e ,  c o o l i n g  t h e  

foam t o  n e a r  a m b i e n t  t e m p e r a t u r e ,  and d i s c h a r g i n g  t h e  

foam a t  a t m o s p h e r i c  p r e s s u r e  must be d e v e l o p e d .  A 2 - y e a r  

p rog ram t o  d e s i g n  and b u i l d  t h i s  equ ipmen t  s h o u l d  b e g i n  

d u r i n g  FY- 1979. 

F i e l d  Equ ipment  

Equ ipment  f o r  d e a e r a t i n g  t h e  foam, r e m o v i n g  t h e  s o l i d s  

f rom foams and r e c y c l i n g  t h e  foaming a g e n t s  must  a l s o  

be d e v e l o p e d .  T h i s  p rog ram s h o u l d  b e g i n  d u r i n g  FY-1981. 

The d e s i g n  o f  t h i s  equ ipmen t  s h o u l d  be c o m p l e t e  by 

FY-1982. Equ ipment  f a b r i c a t i o n  can  be a c c o m p l i s h e d  l a t e  

i n  FY-1983 .  F i e l d  t e s t  s h o u l d  be s c h e d u l e d  f o r  e a r l y  i n  

FY - 1984. 

D e v e l o p i n g  Improved Foams 

The r e m a i n d e r  o f  t h e  p rog ram c o n s i s t s  o f  d e v e l o p i n g  

foamers  s t a b l e  a t  550°F and 70OoF. These t w o  t a r g e t  

t e m p e r a t u r e s  a r e  r e p r e s e n t e d  as s e p a r a t e  phases i n  t h e  

p r o j e c t  t o  d e v e l o p  improved  foams. L a b o r a t o r y  equ ipmen t  
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d e v e l o p e d  e a r l i e r  in t h e  p r o g r a m  s h o u l d  b e  u s e d  to t e s t  
c a n d i d a t e  m a t e r i a l s .  

P h a s e  I - 550°F 

I n  F Y - 1 9 8 0  a s t u d y  s h o u l d  b e  i n i t i a t e d  to I n v e s t i g a t e  
f o a m  s y s t e m s  w h i c h  will b e  s t a b l e  a t  550°F.  T h e  l a b o r a t o r y  
t e s t  p o r t i o n  o f  t h i s  s t u d y  s h o u l d  be c o m p l e t e  by-the m i d d l e  
o f  FY-1981. F i e l d  tests s h o u l d  b e  s c h e d u l e d  a n d  c o n d u c t e d  
in FY-1982. T h i s  p r o j e c t  s h o u l d  b e  c o m p l e t e  b y  l a t e  i n  

FY- 1983 . 
P h a s e  I I  - 700'F 

In F Y - 1 9 8 2  w o r k  s h o u l d  b e g i n  on d e v e l o p i n g  f o a m s  
s t a b l e  a t  700'F. L a b o r a t o r y  t e s t s  s h o u l d  b e  c o m p l e t e d  by 

FY-1983. F o a m  s y s t e m s  d e v e l o p e d  in t h i s  s t u d y  s h o u l d  
b e  f i e l d  t e s t e d  d u r i n g  FY-1984. All w o r k  o n  d e v e l o p l n g  
i m p r o v e d  f o a m s  s h o u l d  b e  c o m p l e t e d  by FY-1985. 

T a b l e  7.2 c o n t a i n s  t h e  M i l e s t o n e s  f o r  t h i s  program. 
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State-of- the-Ar t Study 
Program Formulated 

Equ I pmen t 
Laboratory 
F i e l d  

Developing Improved Foams 
Phase I - 550°F 

700" F Phase I I  - 

1. State-of- 

TABLE 7.2 
MILESTONES 

FY-80 - FV-78 - FY-79 - 
-1 

4 

he-Art Study Completed. Program Formi 
2. Design Complete. 
3 .  Laboratory Equipment Completed. 
4. 
5. F i e l d  Equipment Fabricated. 
6. 

Design of F i e l d  Equipment Complete. 

F t e l d  Tests of  Foam Handling Equipment. 

c 

-3 

- FY-81 - FY-82 - FY-83 - FY-84 FY-85 - 

10----11 12 

lated. 7 s  
8. 
9. 

10. 
1 1 .  
12. 

Laboratory Tests of  550°F Foam Comp 
F i e l d  Tests o f  550°F Foam. 
550'F Foam Work Complete. 
Laboratory Tests o f  700°F Foam Comp 
F i e l d  Tests o f  700°F Foam. 
700°F Foam Work Complete. 

ete. 

ete. 

, , C' 



FOAM P R E S S U R E  C O L U M N  A N A L Y S I S  
A P P E N D I X  A 

A c o m p l e t e  a n a l y s i s  was made o f  t h e  i t e r a t i v e  e q u a t i o n  

p r e s e n t e d  u n d e r  "The E f f e c t  o f  Foam.'I 

h = [ P + * I n  (h)] D 100-n 
h = d e p t h ,  f t  

D = h y d r o s t a t i c  p r e s s u r e ,  p s i ,  o f  a co lumn 

p = p r e s s u r e  i n  a tmospheres  a t  d e p t h  h due 

o f  f l u i d  one f o o t  h i g h  w i t h  no  a i r  i n  i t  

due t o  mud co lumn o n l y  

p = b a c k  p r e s s u r e  a t  w e l l h e a d ,  a tmospheres  

n - = f r a c t i o n  by vo lume o f  gas in mud a t  w e l l h e a d  
' O 0  a t  b a c k  p r e s s u r e  p 

T a b l e s  1 - 7 a r e  r e s p e n t a t i v e  samp les  o f  a n a l y s i s  

from w h i c h  F i g u r e s  7, 8 9  and 9 i n  t h e  t e x t  w e r e  d e v e l o p e d .  

In t h e  T a b l e s ,  8 1 P r e s s u r e a @  Is gauge p r e s s u r e ,  " D e n s i t y "  

i s  a v e r a g e  d e n s i t y  t o  t h e  s u r f a c e ,  and  *%I1 i s  t h e  p e r c e n t  

f l u i d  i n  t h e  foam a t  t h a t  d e p t h .  
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R E V I E W  OF F O A H  DRILLING 
A P P E N D I X  B hd 

BASIC MUD R E Q U I R E M E N T S  

T h e r e  a r e  t h r e e  b a s , c  requirements , a r  b r i l l i n g .  They 

a r e  t h e  t o o l ,  t h e  s y s t e m  f o r  h a n d l i n g  t h e  t o o l ,  and a me thod  

o f  c l e a n i n g  t h e  t o o l  c u t t i n g s  f r o m  t h e  h o l e .  A p p l i c a t i o n s  

o f  t h e s e  r e q u i r e m e n t s  v a r y  from t h e  s m a l l  hand d r i l l  used  by 
t h e  handyman a r o u n d  h i s  home t o  t h e  complex d r i l l i n g  r i g  

c a p a b l e  o f  d r i l l i n g  t o  30,000 f e e t .  The d r i l l i n g  r i g  t h a t  

i s  used t o  e x p l o r e  f o r  n a t u r a l  r e s o u r c e s  uses  a d r i l l i n g  

f l u i d  t o  c l e a n  t h e  h o l e .  The d r i l l i n g  f l u i d  used  depends 

upon t h e  s i t u a t i o n ,  b u t  v a r i e s  f r o m  n a t u r a l  gas t o  w e i g h t e d  

d r i l l i n g  mud w i t h  a d e n s i t y  o f  21 ppg. 

N o r m a l l y  t h e r e  a r e  seven f u n c t i o n s  o f  a d r i l l i n g  f l u i d  

t h a t  a r e  b a s i c  t o  i t s  d e s i g n  o r  use. They a r e :  

1. C l e a n  t h e  b i t  

2. C l e a n  t h e  h o l e  

3 .  L u b r i c a t e  and cool t h e  b i t  a n d  d r i l l  s t r i n g  

4. C o n t r o l  s u b s u r f a c e  p r e s s u r e s  

5. S u p p o r t  t h e  w a l l s  o f  t h e  h o l e  

6. Suspend c u t t i n g s  o r  c a v i n g s  i n  t h e  h o l e  

7. S u p p o r t  p a r t  o f  t h e  w e i g h t  o f  t h e  d r i l l  

when c i r c u l a t i o n  i s  s t o p p e d  

s t r i n g  and c a s i n g  

The d r i l l i n g  f l u i d  used o n  any p a r t i c u l a r  p r o j e c t  w i l l  
depend upon t h e  p r i o r i t i e s  o f  t h e  above  f u n c t i o n s  and o t h e r  

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

r a t e  qnd t h e  p r o b l e m s  o f  l o s t  c i r c u l a t i o n .  
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Geothe rma l  d r i l l i n g  f l u i d s  a r e  a n a t u r a l  e v o l u t i o n  

f r o m  o i l  w e l l  d r i l l i n g  f l u i d s  s i n c e  o i l  w e l l  d r i l l i n g  o n  

a l a r g e  c o m m e r c i a l  s c a l e  p r e c e d e d  g e o t h e r m a l  work .  The 

d e v e l o p m e n t  o f  r o t a r y  d r i l l i n g  f l u i d s  was a f f e c t e d  more  and 

more by t e m p e r a t u r e s  as d r i l l i n g  f o r  o i l  andagas wen t  d e e p e r  

and i n t o  a r e a s  o f  h i g h e r  t e m p e r a t u r e  g r a d i e n t s .  The 

Sou thwes t  Texas a r e a ,  w i t h  h i g h - t e m p e r a t u r e  g r a d i e n t s  and 

deep h o l e s ,  p r o v i d e d  many o f  t h e  f i r s t  i n d i c a t i o n s  of 
t e m p e r a t u r e  l i m i t a t i o n s  i n  d r i l l i n g  mud. 

The f i r s t  p r o b l e m s  a r o s e  w i t h  t h e  p h o s p h a t e  t h i n n e r  

used  i n  o i l  w e l l  muds i n  t h e  1930s. A t  t h e  d e p t h s  d r i l l e d  

i n  t h a t  p e r i o d  - 7,000 - 10,000 f e e t ,  t h e  b o t t o m - h o l e  

t e m p e r a t u r e s  r o s e  above t h e  l S O O F  m a r k  w h i c h  causes  t h e  

breakdown o f  t h e  p h o s p h a t e s .  

When l i m e  muds r e p l a c e d  t h e  p h o s p h a t e  t r e a t e d  mud i n  

t h e  1940s,  h i g h - t e m p e r a t u r e  g e l a t i o n  ( c e m e n t i n g )  o c c u r r e d  

a t  3 0 O O F  i n  t h e  deeper  h o t t e r  h o l e s  o f  t h a t  p e r i o d .  It was 

d i s c o v e r e d  t h a t  t h e  s o l i d s  c o n t e n t  o f  t h e  mud was, and i s ,  
a p o w e r f u l  f a c t o r  i n  t h e  d e s t a b i l i z a t i o n  o f  t h e  mud d u e  t o  

tempera  t u  r e .  

L a t e r  work r e s u l t e d  i n  muds w i t h  l o w e r  pH ( l o w  l i m e  

muds and gypsum mud) t o  r e d u c e  t h e  h i g h - t e m p e r a t u r e  g e l a t i o n .  

It was a l s o  l e a r n e d  t h a t  l i g n i t e  and sod ium c h r o m a t e  w o u l d  

work e f f e c t i v e l y  t o  keep  muds f l u i d  up t o  3 0 O 0 C .  

I n  e f f o r t s  t o  d r i l l  d e e p e r  and h o t t e r  w i t h  h e a v y  muds, 

H o b i l  O i l  d e v e l o p e d  t h e  DHS-DME Sodium S u r f a c t a n t  mud i n  t h e  

1 9 5 0 s .  It had some u n d e s i r a b l e  p r o p e r t i e s ,  but t h e  G i n t h e r  

w e l l  was d r i l l e d  w i t h  b o t t o m - h o l e  t e m p e r a t u r e s  o f  450°F and 

mud w e i g h t s  o f  1 8 # / g a i  u s i n g  t h e  sod ium s u r f a c t a n t  sys tem.  



b) 

I 
1 

The introduction of low solid muds in the 1960s  led to 
the use of asbestos as a bentonite replacement. It was not 
very successful for that purpose, but it turned out to be 
a good water thickener for the h i g h  temperatures that were 
just then being drilled at The Geysers in California. The 
development of sepiolite was a research concept that 
postulated 'what was ne2ded was a bentonite t h a t  was stable 
at about 50O0F.' Mineralogically, this was sepiolite. 

Geothermal m u d s  have evolved from t h i s  background with 
Cypan and sepiolite being the only present products developed 
purely for high-temperature mud. This progression is quite 
logical considering that most geothermal areas are cool I 

enough near the surface to be drilled with conventional muds 
that are then slowly converted to geothermal systems. 

There i s ,  however, a further problem - lost circulation. 
Lost circulation is probably the single most expensive 
problem o f  rotary drilling. I n  geothermal drilling, 
the lost circulation problem 1 s  accentuated by the fractures 
i n  the typical geothermal reservoir rock and the normal 
extremes of relief in the area. these are problems that are 
common to oil and gas drilling and mineral e x p l o r a t i o n ,  b u t  

the altered and fractured nature of geothermal rocks makes 
the problem of lost circulation ln geothermal drilling the 
dominant control over d r i l l i n g  costs. 

The history of oil and gas drtlling, and mineral 
exploration, provides the technical background f o r  lost 
cltculation control. In its most basic form, lost circulation 
is caused by one or two conditions. 
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C o n d i t i o n  One - L o s t  C i r c u l a t i o n  

The p r e s s u r e  o f  t h e  d r i l l i n g  f l u i d  co lumn i s  g r e a t e r  

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

and t h e  d r i l l i n g  f l u i d  i s  l o s t  t o  e x i s t i n g  passages.  T h i s  

o c c u r s  i n  a r e a s  where  t h e  w a t e r  t a b l e  i s  low, s u c h  a s  i n  

a r e a s  a r o u n d  t h e  Grand Canyon o r  on h i g h  mesas. The d r i l l i n g  

f l u i d  co lumn,  i f  i t  i s  w a t e r  o r  h e a v i e r  t h a n  w a t e r ,  e x e r t s  a 

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

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

be  e q u a l  t o  t h e  p r e s s u r e  e x e r t e d  by a co lumn o f  w a t e r  t o  t h e  

s u r f a c e  o r  back .  

C o n d i t i o n  Two - L o s t  C i r c u l a t i o n  

The p r e s s u r e  o f  t h e  d r i l l i n g  f l u i d  column f r a c t u r e s  t h e  

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

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

where  

P = W e l l b o r e  P r e s s u r e ,  p s i  

v e r t i c a l  s t r e s s  r a t i o )  

W 

v - P o i s s o n ' s  R a t i o  ( h o r i z o n t a l  t o  

S = O v e r b u r d e n  S t r e s s ,  p s i  ( v a r i e s  
w i t h  d e p t h )  

D = Dep th ,  f t  
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p = F o r m a t i o n  P r e s s u r e ,  p s i  



The c o n d i t i o n s  t h a t  cause l o s t  c i r c u l a t i o n  t h e n  a r e  

b a s i c  t o  t h e  g e o l o g y  o f  t h e  a r e a .  L o s t  c i r c u l a t i o n  m a t e r i a l s  

a r e  used t o  h e l p  p l u g  t h e  f r a c t u r e s  o r  vugs .  The m a t e r i a l s  

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

The u s e  o f  l o s t  c i r c u l a t i o n  m a t e r i a  

a r e a ,  somet imes t h e y  a r e  e f f e c t i v e ,  

expensive, .  and o f t e n  t h e y  a r e  t o t a l  

c i r c u l a t i o n  i s  b e s t  s o l v e d  by  a v o i d  

To a v o i d  l o s t  c i r c u l a t i o n ,  t h e  

s i s  dependent  upon t h e  

a l m o s t  a l w a y s  t h e y  a r e  

y i n e f f e c t i v e .  L o s t  

ng i t t  

d e n s i t y  o f  t h e  d r i l l i n g  

f l u i d  needs t o  be  reduced  t o  b e l o w  f o r m a t i o n  p r e s s u r e  or 
f r a c t u r e  p r e s s u r e .  Some c a r e  needs t o  be t a k e n  i n  r e d u c i n g  

t h e  p r e s s u r e  o f  t h e  d r i l l i n g  f l u i d  co lumn t o  be low t h a t  o f  

t h e  f o r m a t i o n  f l u i d ,  because f o r m a t i o n  f l u i d  may f l o w  i n t o  

t h e  w e l l b o r e .  

A i r  ( o r  n a t u r a l  gas)  was used as  a d r i l l i n g  f l u i d  a t  

l e a s t  a s  e a r l y  a s  t h e  1930s .  Where t h e  f o r m a t i o n s  a r e  s t r o n g  

enough o r  c o m p e t e n t  enough so t h a t  t h e y  w o u l d  n o t  s l o u g h  i n t o  

t h e  h o l e ,  and where v e r y  l i t t l e  w a t e r  i s  p roduced  i n t o  t h e  

h o l e ,  a i r  d r i l l i n g  i s  v e r y  s u c c e s s f u l .  The Geysers  i n  

C a l i f o r n i a  p r o v i d e  an  e x c e l l e n t  example  o f  a i r  d r i l l i n g  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 u p p e r  p a r t  o f  t h e  h o l e  a t  

The Geysers  p r o d u c e s  t o o  much w a t e r  t o  a i r  d r i l - 1 .  The b o t t o m  

o f  t h e  h o l e  p r o d u c e s  o n l y  s team and so a i r  d r i l l i n g  i s  

s u c c e s s f u l .  

A i r  i s  t h e  b e s t  d r i l l i n g  f l u i d  when i t  c a n  be used 

because o f  i n c r e a s e d  d r i l l i n g  r a t e s  i n  h a r d  r o c k .  I t  has ,  

however ,  l i m i t a t i o n s :  

1. A i r  has  p o o r  l i f t i n g  c a p a c i t y  and l a r g e  
a i r  vo lumes must be used so  i t  i s  
e x p e n s i v e .  
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2. Water in the hole compresses the air. 
This reduces the l i f t i n g  capacity and 
also often causes the hole to slough. 

into the hole to make a i r  d r i l l i n g  
impossible. 

4. A i r  d r i l l i n g  is expensive because of 
the h i g h  cost of a i r  compression and 
the wear and corrosion on the d r i l l  
pipe. 

3. Formations can produce f l u i d  a n d  g a s  
. 

Mist d r i l l i n g  was developed a s  a method of coping with 
.water influx into the a i r  drilled hole. A foaming detergent 
and lime water is added to the a i r  stream in the ratio of 
water to air of 1:lOOO to help form a mist in the air stream. 
This approach is only p a r t l y  effective. A s  the influx 
volume of water increases, the system tends to go into two 
phase flow with the water crawling u p  the side of the hole 
a n d  the a i r  blowing out the center of the hole. So mist 
d r i l l i n g  is effective in d a m p  holes or to clean mud r i n g s  
out of damp holes, but does not solve the problems of f l u i d  
influx or sloughing formations. 

The obvious approach to the limitations of a i r  d r i l l i n g  
was to combine a i r  and d r i l l i n g  m u d  into aerated mud. This 
was done as early as the late 1940s b u t  usually the results 
were disappointing. The aerated m u d  or water was generally 
too expensive, a n d  the system too unstable. Nevertheless, 
since that time there has been considerable work done with 
aerated muds. Given close supervision under the proper hole 
conditions they have performed well in some areas. 

Foam was developed as an improvement to aerated mud. 
The aerated mud was too unstable, so a stable aerated m u d  
was developed. It was so stable, however, it could not be 
broken down and reused. The mixture looked like aerosol 
shaving foam, b u t  was stable and persistent. It had a good 
l i f t i n g  capacity, was lighter than water a n d  helped support 
the walls of the hole. 
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FOAM D R  I L L  I N G  THROUGH PERHAFROST 

Penetration rate of large diameter surface holes drilled through 
permafrost in Northern Canada has been increased significantly by a 
stable foam circulating system. I t  is estimated that use of foam 
c a n  reduce cost of d r i l l i n g  800 feet of surface hole as much as 
$12,000 - $18,000 oer well. 

WHY USE FOAM? 

Due to its excellent insulating properties, low heat capacity and 
p o o r  heat conductance, stable foam allows d r i l l i n g  of a near-gage 
h o l e  through frozen sections. Stable foam was used in d r i l l i n g  parts 
o f  wells where ambient temperature ranged from -5" to -68°F. 

P R O B L E M S  A N D  REMEDIES 

The problems encountered while d r i l l i n g  through permafrost with 
stable foam are: 

\ 

1. Freezing o f  the foam 
2. Getting formation samples 
3. Circulating stable foam from about 1,800 feet due to 

compressor limitations and low surface temperatures (-70"F)ect 

A compressor combination with more flexibility should be used. For- 
winter operation some type of heat jacketed line from the foam gen- 
erator to the rig is essential. A n  independent water tank, heated 
a n d  thermostatically controlled for winter use, should be installed 
f o r  the stable foam process. 
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E l e a k l e y ,  W. 6 . :  "West Texas Workovers  w i t h  Foam Ga in  Favor , "  
O i l  & Gas J o u r n a l ,  V o l .  71,  No. 1 1 ,  p .  97 -98 ,  t l a r c h  1973.  

USE OF FOAM I N  WEST T E X A S  

S t a b i l i z e d  f o a m - p e r m i t s  c i r c u l a t i o n  i n  w e l l s  where w a t e r  o r  h e a v i e r  
l i q u i d s  w o u l d  be l o s t  t o  t h e  f o r m a t i o n .  S t a n d a r d  O i l  Company o f  
C a l i f o r n i a  has  s u c c e s s f u l l y  used s t a b i l i z e d  foam, t o  work  o v e r  more 
t h a n  100 w e l l s  i n  West Texas w i t h  l o w  b o t t o m  h o l e  p r e s s u r e s  f o r  c l e a n -  
:nut and deepen i ng.  

P E R F O R M A N C E  OF FOAM 

S t a b i l i z e d  foam w i t h  a d e n s i t y  o f  a b o u t  2 l b / c u . f t .  can  be c i r -  
c u l a t e d  w i t h o u t  l o s i n g  r e t u r n s  and s t i l l  t h e  foam can  remove c o l l e c t -  
ed d e b r i s  o r  d r i l l  c u t t i n g s .  Even b i t  cones have been c i r c u l a t e d  
 ut s u c c e s s f u l l y .  The t e c h n i q u e  used  i n  d r i l l i n g  a l a r g e  number o f  
new i n f i l l  w e l l s  i n  t h e  P e r s i a n  B a s i n  t o  p r e v e n t  r e s e r v o i r  damage and 
loss o f  d r i l l i n g  f l u i d s  i s  t o  d r i l l  t h e s e  w e l l s  t o  t h e  t o p  o f  t h e  
p a y ,  s e t  c a s i n g ,  t h e n  d r i l l  t h r o u g h  w i t h  foam f o r  an open h o l e  com- 
:) 1 e t i on.  

W h e n ' p a r a f f i n  i s  a p rob lem,  foam made f r o m  w a t e r  a t  200°F has  been 
'ielpful. I n  w e l l s  w i t h  h i g h  s t a n d i n g  w a t e r  l e v e l s ,  g e t t i n g  c i r c u l a -  
: i o n  s t a r t e d  w i t h o u t  u s i n g  l a r g e  a i r  vo lumes and e x c e s s  p r e s s u r e  r e -  
q u i r e s  s p e c i a l  t e c h n i q u e s .  

A D V A N T A G E S  OF FOAM 

1 .  Lower m o v e - i n  c o s t .  
2. L a r g e r  c u t t i n g s  r e t u r n e d .  
3 .  S a f e r - - l e s s  c o m b u s t i b l e .  
4 .  Less  c o r r o s i v e .  
5. Moves more f o r m a t i o n  f l u i d .  

1 
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G E N E R A L  

Foam has  been v e r y  s u c c e s s f u l  as a d r i l l i n g  f l u i d  i n  l ow  p r e s s u r e ,  
p a r t i a l l y  d e p l e t e d  a r e a s  i n  T r i n i d a d .  O l d  w e l l s  d r i l l e d  w i t h  con-  
v e n t i o n a l  muds p r e s e n t e d  p r o b l e m s  o f  l o s t  c i r c u l a t i o n  and r e s u l t e d  i n  
low i n i t i a l  p o t e n t i a l  and u l t i m a t e  r e c o v e r y .  New w e l l s  d r i l l e d  w i t h  
foam showed e x c e l l e n t  i n i t i a l  p o t e n t i a l .  

PERFORMANCE OF FOAM 

Foam as e x p e r i e n c e d  i n  T r i n i d a d  i s  t h a t  t h e  foam must  be s t a b l e  
t h r o u g h o u t  t h e  s y s t e m  u n t i l  i t  l e a v e s  t h e  b l o o i e  l i n e .  

The  most  s u c c e s s f u l  p r o c e d u r e  used i n  T r i n i d a d  t o  m i n i m i z e  r e s e r -  
v o i r  damage and t h e  l o s s  o f  d r i l l i n g  f l u i d s  t o  t h e  l o w  p r e s s u r e  
f o r m a t i o n  was t o  d r i l l  t h e  w e l l s  t o  t h e  t o p  o f  t h e  pay,  r u n  and cement 
c a s i n g ,  and t h e n  d r i l l  t o  t o t a l  d e p t h  w i t h  foam f o r  an open h o l e  com- 
p l e t i o n  w i t h  p r e p e r f o r a t e d  c a s i n g  l a n d e d  o p p o s i t e  t h e  pay  zone.  

T h e  d e n s i t y  o f  l i q u i d  foam-mix commingled w i t h  a i r  u t i l i z e d  i n  
T r i n i d a d  was as  l o w  as  0.27 l b / g a l  c o n t i n u o u s  c i r c u l a t i o n  i s  a l m o s t  
i m p e r a t i v e  i n  foam d r i l l i n g  and i t  a v o i d s  t h e  p r o b l e m  o f  d r i l l  p i p e  
s t i c k i n g .  

COST CONSIDERATIONS 

T h e  c o s t  o f  a foam r i g  i s  h i g h e r  t h a n  a c o n v e n t i o n a l  mud r i g  on  a 
d a i l y  b a s i s  b u t  o n  a j o b  b a s i s  i t  m i g h t  be cheaper  t o  d r i l l  a g i v e n  
w e l l  w i t h  foam t h a n  w i t h  mud. D r i l l i n g  c o s t s  f r o m  t o p  o f  pay t o  com- 
p l e t i o n  of w e l l  were  15% t o  20% l o w e r  f o r  w e l l s  d r i l l e d  w i t h  t h e  foam 
s y s t e m  as compared t o  t h e  c o n v e n t i o n a l  mud sys tem.  

c 
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Hutchinson, S. 0. a n d  Anderson, G. W . :  "What to Consider When Select- 
ing D r i l l i n g  Fluids," World Oil, October 19711. 

Selecting proper d r i l l i n g  f l u i d s  is very important for the economic 
d r i l l i n g  of wells. Major points to consider when choosing a c i r c u l a ~  
in g  medium include formation geology, formation pressure, geothermal 
temperature, makeup water a v a i l a b i l i t y  a n d  q u a l i t y ,  penetration rates, 
formation evaluation, completion procedures, and ecological considera 
tions. 

The following information pertains to stable foams: 

1 )  Classification and Characteristics 

Density pH Temperature 
Range Range Limit O F  

0.56 - 7.0 - 250  
0.8 p p g  8.0 

AEC Stiff Foam Gel M u d  
a n d  Foaming Surfactant 

Density p H  Temperature 
Range Range L i m i t  O F  

0.4 - 4.0 - 
0.8 p p g  10.0 400 

Prefored Stable Foam 

2) Hole Cleaning Capabilities 
Viscosity Hole Site A n n u l a r  
Funnel Inches Vel .fpm 

Thick 9-718 75 

17-1/2 40 
Stable 

Stable Foam. 

cost 
Per Bbl Uses E Limitations 
$2.50 - Good penetration rates, ex- 
$3.50 cellent large hole cleaning 

can handle large vol. water, 
will not tolerate salt water 
o r  oil. 

cost 
Per Bbl Uses & Limitations 
$0.25 - Excellent penetration rates 
$ 3 . 0 0  a n d  large hole cleaning, can 

handle large volume of wate 
excellent insulation to hea 
o r  cold, can tolerate conta- 
minants--oil, salt, calcium 
solids, acids, etc. 

Vo 1 ume 

300 cfm Excellent cleaning regard- 
(gpm) Problem 

20 g p m  less of hole size. 
300 cfm Adequate hole cleaning. In- 
20 g p m  creasing annular velocity 

annular velocity improves 
l i f t i n g  ability and reduces 
return time. 
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Anderson,  G. W.: "Foam D i s p o s a l  - O f f s h o r e  and Urban O p e r a t i o n s , "  d Chevron Research  Company Foam C l e a n o u t  T e c h n i c a l  No tes ,  A p r i l  1977. 

i FOAM DISPOSAL 

F o l l o w i n g  a r e  t h e  f o u r  b a s i c  p r i n c i p l e s  f o r  s a t i s f a c t o r y  foam 
d i sposa 1 : 

1 .  Conta inmen t  

T o . a b s o r b  t h e  v i o l e n t  s u r g e  o f  e n e r g y  g e n e r a t e d  by t h e  foam 
r e t u r n i n g  a t  s u r f a c e  a t  reduced  p r e s s u r e ,  a v e s s e l  o r  
s e p a r a t o r  must  be p r o v i d e d .  

2. Foam S u p p r e s s i o n  

a .  Foam c o l l a p s e  b y  e x p a n s i o n  i n  a l ow  p r e s s u r e  chamber. 

b. B l e n d i n g  w i t h  a l a r g e  vo lume o f  c r u d e  o i l  o r  p roduced  
w a t e r  f r o m  o t h e r  w e l l s .  

c .  Chemica l  foam b r e a k e r s  such a s  a l u m i n i u m  s t e a r a t e  i n  
d i e s e l  o i l  o r  w a t e r  d i s p e r s a b l e  de foamers  i n  w a t e r  
c a n  be s p r a y e d  o n  t h e  foam s u r f a c e  t o  b r e a k  t h e  foam 
so t h a t  t h e  l i q u i d s  can be pumped o r  d r a i n e d  o f f .  

3 .  A f t e r  t h e  foam has been s e p a r a t e d  i n t o  gas and l i q u i d s ,  i t  must 
be s u b j e c t e d  t o  v i o l e n t  a g i t a t i o n  o r  t h e  foam w i l l  t e n d  t o  r e f o r m .  

4. I f  n a t u r a l  gas i s  b e i n g  used as t h e  gaseous phase,  means must  
be p r o v i d e d  t o  r e c o v e r  o r  f l a r e  t h e  gas.  
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Essary, R. L., a n d  Rogers, E. E.: "Techniques and Results of Foam 
Redrilling Operations - San Joaquin Valley, California," A l M E  For- 
mation Damage Control Symposium, SPE Paper 5715, pp. 237-244, 1976. 

. 
GENERAL - 

D u r i n g  the past three years, Standard Oil Company of California 
has had a very active foam redrill program in several oil fields 
in the Southern San Joaquin Valley. Approximately 150 shallow 
zone wells have been rechnditioned by replacing liners using 
foam redrilling techniques so t h a t  the wells could be utilized 
for steam stimulation and steam flood operations. 

ADVANTAGES O F  F O A M  R E D R I L L I N G  

1. The use of low density stable foam provides a practical, 
economic method for redrilling old low-pressure, high-permeability 
wells without creating significant formation damage. 
2. Redrilling old wells with stable foam provides a substantial 
savings compared to the d r i l l i n g  of new wells. 

LIMITATIONS 

1. Open hole logs cannot be run. 
2. Drilled in liners cannot be gravel packed. 
3. Intermediate water zones cannot be excluded effectively. 
4. Existing small diameter casing would preclude installing 
satisfactory size liner. 
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Bobo, Roy A.: "New A i r / M u d  System C a n  Boost B i t  Performance," Oil & bd' Gas Journal, May 1968. 

Magcobar, Dresser: "Air D r i l l i n g  Handbook," August 1975. 
i ,: "Modified Stable Foam C a n  Give Lower D r i l l i n g  

Cost," Petroleum International, Vol. 15, No. 2, February 1975. 
. 

G E N E R A L  

It is a confirmed fact t h a t  the lower the borehole d r i l l i n g  
pressure, the greater is the d r i l l i n g  rate. This eff.ect is more 
pronounced at higher b i t  loads. Also, the lower the difference be- 
tween bottom hole mud pressures a n d  formation f l u i d  pressures, the 
greater would be the d r i l l i n g  rate (at higher b i t  loads). 

REDUCTION IN BOTTOM HOLE PRESSURES C A N  B E  A C H I E V E D  BY: 

1. Aerated Mud: (Air mixed with m u d )  
a. No lost circulation material cost. 
b. Maintain (in some cases increase) d r i l l i n g  rate. 
c. Less f l u i d  cost. 
d. Less danger of differential sticking of pipe. 

2. Dust Drilling: ( A i r - D r i l l i n g )  
When properly used can b r i n g  faster penetration rates, longer b i t  
life resulting in fewer round trips, better control of lost cir- 
culation, cleaner cores, cleaner formations, etc. can be used only 
when the formation is completely d r y  or the water influx i s  slight 
enough to be absorbed by  the air stream. As the well deepens, 
more air is necessary to maintain the velocity needed to b r i n g  
cuttings to the surface. 
3. Mist Drilling: (Air plus Foaming Agent) 
Mist d r i l l i n g  is used when fluids are encountered, It removes 
larger cuttiogs and most of the advantages achieved by straight 
a i r  d r i l l i n g  are approached. About 30% to 40% more air i s  requir- 
ed for mist d r i l l i n g  (Foam) than for Air-Drilling. Hole sloughing 

the hole enlarges, annular velocity drops a n d  the air foam ceases 
to l i f t  cuttings efficiently. 
There is only one d r i l l i n g  situation t h a t  precludes the usage of 
foam d r i l l i n g  and that is where hydrostatic pressure is deemed 

* 

. and caving cause most unsuccessful mist d r i l l i n g  jobs because as 

W necessary. (Foam densities varies from 0.4 to 0.8 lb/gal.) 
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H u t c h i n s o n ,  S .  0 . :  "What Foam I s  and How I t ' s  Used," W o r l d  O i l ,  
November 1969.  

C E  N E R A L  
* 

S t a b l e  p r e f o r m e d  foam i s  easy  t o  c i r c u l a t e  and r e l a t i v e l y  i n e x -  
p e n s i v e  t o  p r o d u c e .  I t  r e p l a c e s  mud, o i l ,  w a t e r ,  a i r ,  e t c .  as a 
c i r c u l a t i n g  medium i n  w e l l  c o m p l e t i o n  and r e m e d i a l  o p e r a t i o n s .  

- 

ADVANTAGES OF STABLE FOAM 

1 .  Low H y d r o s t a t i c  Head: 15 p s i  @ 1,000 f t  --- A c t u a l  

P rob lems  l i k e  f o r m a t i o n  damage, l o s t  c u r c u l a t i o n  a r e  
e l i m i n a t e d .  

i n  l i n e r s .  

50 p s i  @ 2,900 f t  --- Measurements 

2. No h o l e  washout  i n  u n c o n s o l i d a t e d  f o r m a t i o n s  w h i l e  d r i l l i n g  

3 .  E x c e l l e n t  c a r r y i n g  c a p a c i t y  f o r  c u t t i n g s .  

4.  Low c o m p r e s s i o n  r e q u i r e m e n t s .  

5. Low c i r c u l a t i n g  p r e s s u r e s .  

6. S t a b l e  a t  h i g h  t e m p e r a t u r e s  and b o t t o m  h o l e  p r e s s u r e s .  

COMPOSITION OF FOAM 

S t a b l e  foam c o n s i s t s  o f  a d e t e r g e n t ,  f r e s h  w a t e r ,  and compressed 
gas.  I t  must  be p r e f o r m e d ,  i . e . ,  i t  must  be g e n e r a t e d  o u t  o f  con-  
t a c t  w i t h  t h e  s o l i d  and l i q u i d  c o n t a m i n a n t s  n a t u r a l l y  e n c o u n t e r e d  
i n  a w e l l .  Foam s h o u l d  have a gas t o  l i q u i d  vo lume r a t i o  f r o m  
3 - 50 c u .  f t / g a l  d e p e n d i n g  o n  downho le  r e q u i r e m e n t s .  V a r i o u s  
gaseous s o u r c e s  used t o  p r o d u c e  foam i n c l u d e  n i t r o g e n ,  c a r b o n  d i o x i d e ,  
n a t u r a l  gas ,  i n e r t  gas a i r ,  e t c .  

PERFORMANCE OF FOAM 

Use o f  a 2 l b / c u - f t  p r e f o r m e d  foam c i r c u l a t i n g  medium has speeded 
w e l l  c l e a n o u t ,  reduced  s a n d i n g  p r o b l e m s .  Foam has  been used success -  
f u l l y  o n  w e l l s  deeper  t h a n  9,500 f t  w i t h  t u b i n g  p r e s s u r e d  t o  1,850psi. 

130 



M a g c o b a r ,  D r e s s e r :  "Stiff Foam," T e c h n i c a l  M e m o r a n d u m ,  F e b r u a r y  1970. 
W H A T  IS F O A M ?  

S t i f f  f o a m  is a very s t a b l e  air-in-mud e m u l u s i o n  f o r m u l a t e d  w i t h  
s t a b i l i z i n g  m u d  a d d i t i v e s  and f o a m i n g  agents. The s y s t e m  has special 
a p p l i c a t i o n  w h e r e  n e i t h e r  s t r a i g h t  a i r  o r  mist d r i l l i n g  t e c h n i q u e s  
n o r  a e r a t e d  m u d s  will s u f f i c e  b e c a u s e  o f  e c o n o m i c  m e c h a n i c a l  o r  o t h e r  
reasons. 
W H Y  U S E  F O A M ?  

1. To drill l a r g e  d i a m e t e r  h o l e s  (straight a i r  d r i l l i n g  n e e d s  
l a r g e  a i r  volumes). 
2. To drill u n c o n s o l i d a t e d  f o r m a t i o n s .  (Stiff f o a m  s t a b i l i z e s  
t h i s  t y p e  o f  formation.) 
3. To drill in low p r e s s u r e  or u n c o n s o l i d a t e d  p r o d u c i n g  zones. 
( E x e r t s  m i n i m u m  h y d r o s t a t i c  pressure). 
4. To drill w a t e r  s e n s i t i v e  s h a l e s  w h i c h  tena to s l o u g h - b a d l y  
w h e n  m i s t  drilled. 
5 .  To drill s e v e r e  lost c i r c u l a t i o n  zones. 

C O M P O S I T I O N  OF F O A M  
S t i f f  f o a m  c o n s i s t s  o f  a thin m e d i u m  s l u r r y  (4-14 gpm) injected 

w i t h  e n o u g h  a i r  to g i v e  a 100 to 200 f p m  a n n u l a r  v e l o c i t y  n e a r  t h e  
surface. A i r  m u d  r a t i o s  r a n g e  f r o m  1OO:l to 300:l. In o r d e r  to ob- 
tain s t a b l e  foam, t h e  mud s l u r r y  s h o u l d  c o n s i s t  of  12 #/bbl maglogel, 
1 #/bbl s o d a  a s h ,  1/2 #/bbl Hi Vis C M S ,  1/2 to 1 %  by v o l u m e  m a g c o  
f o a m e r  66, 1/2 #/bbl Drispac, and 1 #/bbl cypan. 

P E R F O R M A N C E  O F  F O A M  

by visual o b s e r v a t i o n  at t h e  s u r f a c e  o f  large c u t t i n g s .  P e n e t r a t i o n  
r a t e s  a p p r o a c h i n g  t h o s e  o b t a i n e d  w i t h  a i r  c a n  b e  o b t a i n e d .  

T h e  s y s t e m  is s a f e ,  and g e o l o g i c a l  i n t e r p r e t a t i o n  i s  f a c i l i t a t e d  

L I M I TAT I ON S 
1. H i g h  v o l u m e s  o f  w a t e r  o r  o i l  limit t h e  t r u e  s t i f f  f o a m  ap- 
proach. E v e n  small a m o u n t s  o f  g a s  c a n  c a u s e  troubles. 
2. F o a m  c a n n o t  b e  r e c i r c u l a t e d .  
3. E c o n o m i c a l  f o r  a d e p t h  over  5,000 - 6,000 ft. 
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P e t r o l e u m  Engineerinp: Instable F o a m  C u t s  C o s t s ,  I n c r e a s e s  P r o -  
duction," V o l .  41, No. 13, pp. 61-63, D e c e m b e r  1969. 

G E N E R A L  
W h e n  used as a c i r c u l a t i n g  m e d i u m ,  s t a b l e  f o a m  w i t h  low d e n s i t y  . 

a n d  h i g h  s o l i d s  c a r r y i n g  c a p a c i t y  c a n  r e d u c e  w o r k o v e r  c o s t s  a n d  a1 
i n c r e a s e s  p r o d u c t i o n .  

C O S T  O F  F O A M  D R I L L I N G  

c o s t  in t h e  r a n g e  of $35,000 t o  $50,000. To t a l  c o s t  o f  e q u i p m e n t  
r e n t a l s ,  c h e m i c a l  u s a g e  a n d  r o y a l t y  p a y m e n t s  will r a n g e  f r o m  $200 
to $500 p e r  day. 

H e a v i e r  u n i t s  n e e d e d  f o r  m i x i n g  a n d  c i r c u l a t i n g  t h e  f o a m  will 

P E R F O R M A N C E  O F  F O A M  

w i t h  u n c o n s o l i d a t e d  s a n d  f o r m a t l o n s  w h e r e  s e v e r e  s a n d u p  p r o b l e m s  
h a v e  o c c u r r e d .  Also, f o a m  h a s  p r o v e n  a d v a n t a g e o u s  o v e r  o t h e r  
c l e a n o u t  m e t h o d s  by s t a b i l i z i n g  t h e  sand. In a s u r v e y  by S t a n d a r d  
Oil C o m p a n y ,  t w e l v e  w e l l s  s a v e d  a n  a v e r a g e  o f  48% in s a n d  removal 
c o s t ,  71% in f u t u r e  s a n d  e n t r y  a n d  23% in c o n t r o l l a b l e  c o s t s  w h i l e  
c u m u l a t i v e  p r o d u c t i o n  i n c r e a s e d  31%. 

G r e a t e s t  u s e  o f  t h e  s t a b l e  f o a m  h a s  b e e n  in c l e a n i n g  o u t  wells 

S t a b l e  f o a m  h a s  b e e n  e f f e c t i v e  in r e d u c i n g  t h e  c o s t  o f  c e r t a i n  
f i s h i n g  o p e r a t i o n s .  O t h e r  r e m e d i a l  a p p l i c a t i o n s  h a v e  i n c l u d e d  
c i r c u l a t i n g  In o f  i n n e r  liners, p l u g - b a c k  c e m e n t i n g ,  r e c o m p l e t i o n s  
a n d  p l u g g i n g  of o l d  wells. In all c e m e n t i n g  o p e r a t i o n s  s t a b l e  
f o a m  h a s  t h e  a d v a n t a g e  o f  m i n i m i z i n g  o r  e l i m i n a t i n g  lost c i r c u l a t i o  
b e c a u s e  of t h e  low o v e r a l l  h y d r o s t a t i c  head. 

132 

. 



C O M P U T E R  B I B L I O G R A P H Y  

A P P E N D I X  D .  

* 
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ACCESSION NUhtBER 232983 
T I T L E  OPERATOR TALK...GLYCOL DEHYDRATION 
AUTHORS BALLARD 0 
SOURCE HYDRCCARBON PROCESS V 56. NO 4. PP 111-118. 

ENTRY YEAR 1977 
INOEX TERMS ABSORBER: ABSORPTION; AeSORPTION PROCESS: 

A P R I L  1977 

A C I D I T Y / B A S I C I T V :  A C T I V I T Y ;  CHART: CLEANING; 
COLUh!N: CONSTRUCTION; CONTAMINATION; CONTROL: 
CORROSION: *CORROSION CONTROL; CORROSIVITY: 
CCST: *DRYING; ECONOMIC FACTOR: ENGLISH: 
F I L T R A T I O N :  FLOW CHART: FO&MING: FREEZING: 
*GAS DEHYDRATION: *GAS PROCESSING; GllS 
PRODUCING; *GLYCOL DEHYDRATION: *HYDROGEN 

PH; PHASE BEHAVIOR: PHASE CHANGE: PHYSICAL 
PROPERTY; PHYSICAL SEPARATION: P I P E L I N E  
CORROSION: PREVENTION: PROCESS CONTROL: 
PRODUCING: PURIFYING:  REGENERATION; 
SEPARATION EOUIPKIENT: S O L I D I F I C A T I O N :  
SORPTION; SORPTION PROCESS; STARTUP: TESTING 

SULFIDE REMOVAL; INSPECTING: OPERATING COST: 

ACCESSION NUMBER 
T I T L E  

AUTHOR S 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

23491 7 
A I R .  l I S T  AND FOAM D R I L L I N G :  A LOOK AT 
LATEST TECHNIOUES 
COOPER L W; HOOK R A: PAYNE B R 

106. A P R I L  1977 
1977 
* A I R  D R I L L I N G :  AMOCO PRODUCTION CO: B I T  
PERFORMANCE; B I T  (ROCK): CHART; CIRCULATING 
RATE: COMPRESSOR: CUTTINGS REUOVAL: DATA.; 
O R I L L i N G  DATA: ' D R I L L I N G  EQUIPMENT; D R I L L I N G  
F L U I D ;  D R I L L I N G  PROBLEM; D R I L L I N G  RATE:' 
* D R I L L I N G  (WELL);  ENGLISH: FLOW RATE: *FOAM 
D R I L L I N G :  GRAPH: LOST CIRCULATION; * M I S T  
D R I L L I N G :  RATE; REMOVAL: *ROTARY D R I L L I N G ;  
TECHNOLOGY 

WORLD OIL v 184. NO s. PP 95-96, 100. 102. 

ACC€SSION NUMBER 
T I T L E  

fOURCE 
ENTRY YEAR 
INOEX TERMS 

234545 
METHOD OF OPENING CARBON-BEARING BEDS WITH 
PRODUCTION WELLS FOR URDERGROUND G A S I F I C A T I O N  
LOKSHIN E L: STARINSKY A A:  VOLK A F 

1977 
BITUMINOUS DEPOSIT: BITUMINOUS SANDSTONE: 
*CASING SETTZNG: CASING (WELL):  CEMENTING: 
CHART: COAL BED: COAL G A S I F I C A T I O N :  
CONVERSION PROCESS; DEPOSIT (GEOLOGY) ; 
DIAGRAM; D R I L L I N G  EOC)I?#ENT: * D R I L L I N G  FLUID:  

DEVELOPMENT CORP: *THIXOTROPY: TRISACCHAR1DE: 
*WATER BASE MUD; ( P )  GREAT B R I T A I N  

u s 4.003.441. c i/ia/77, F 4/22/75 



ACCESSION NUMBER 
T I T L E  

AUTHORS 
S O U R E  
ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
TITLE: 
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

233976 
THEY S A I D  I T  COULDN'T BE DONE. DRILCO SOLVES 
THE KELLY hWD-LOSS PROBLEM WITH THE MUD-CHEK 
KELLY VALVE 
D R I L L I N G  V 38. NO 6. PP 28. 60. A P R I L  1977 
1977 
APPLICATION;  CHECK VALVE; CONTROL: COST: 
DESIGN; DESIGN C R I T E R I A ;  D R I L L  STEM: D R I L L I N G  
COST: * D R I L L I N G  EOUIPMENT: D R I L L I N G  FLUID;  
D R I L L I N G  F L U I D  COST: = D R I L L I N G  PROBLEM; 
- O R 1  L L I N G  (WELL) ; ECONOMIC FACTOR; 
ENGINEERING; ENGLISH: KELLY; *KELLY J O I N T  
VALVE: .IUD SAVER; O I L  BASE MUD; P I P E  
HANDLING: P I P E  T R I P ;  POLLUTION CONTROL: 
*ROTARY D R I L L I N G :  SAFETY: S P E C I F I C A T I O N ;  
*VALVE 

. -... . - .-...-... ... m u w n r ~  AWIV vr nc .aw 
GAS FROM A FEED GAS 
GUFFY d C: PAULSON M H: YINKLER R _ A  
U S 4.002.721. C 1/11/17. F 9/26/74; CHEVRON 
RESEARCH CO 
1977 
*ABSORBENT: CIBSORBER: ABSORPTION: ABSORPTION 
PROCESS: ADDIT IVE:  ALCOHOL; BUTYL ALCOHOL; 
CARBON DIOXIDE;  CARBON OIOXIDE REMOVAL: 
CHART; CHEVRON RESEARCH CO; CIRCULATING 

DATA; DESIGN: OESIGN C R I T E R I A :  DIAGRAM; 
*ELUTION: ENGINEERING; ENGLISH: ETHER; FLOW 
CHART : FOAM: FOAMING 1 GAS ABSORPTION ; -CAS 
PROCESSING: *HYDROCARBON SOLVENT: HYDROGEN 
SULFIDE:  HYDROGEN S U L F I D E  REhfOVAL; INORGANIC: 
KETONE: MIXTURE; NATURAL GAS: ORGANIC; PATENT 
( A ) :  PETROLEUM: *PHYSICAL SEPARATION; 
PREVENTION: PROCESS DESIGN; PRODUCING O I L  + 
GAS; PURIFYING:  SEPARATION EQUIPMENT; 
SOLVENT: *SORBENT: SORPTION: SORPTION 
PROCESS: SOUR GAS: S P E C I F I C A T I O N ;  SULFIDE;  
SURFACE ACTIVE AGENT: SYSTEM (ASSEMBLAGE); 
TABLE (DATA) :  ( P )  USA 

SYSTEM: COMPOS1 T I  ON ; COMPOUND ; CONTAM I N A T  ION : 

2321 63 
WELL CIRCULATION F L U I D  FOR USE I N  PERMAFROST 
ANDERSON G W; HUTCHISON S 0 
CAN 1.003.200. C 1/11/77. F 3/26/73; CHEVRON 
RESEARCH CO 
1977. 
ACDIT IVE:  *ARCTIC D R I L L I N G ;  A R T I F I C I A L  L I F T ;  
BOREHOLE: CHEVRON RESEARCH CO; CUTTINGS 
(ROCK): * D R I L L I N G  F L U I D :  * D R I L L I N G  (WELL) ;  
D R I L L I N G  ( Y E L L )  ( C ) ;  ENGLISH: FOAM; *FOAM 
D R I L L I N G :  FOAM L I F T I N G :  FOAMING: FOAMING 
AGENT: FREEzING; * I N S U L A T I N G  MATERIAL: 
MIXTURE; PATENT ( A ) :  *PERMAFROST: *PERMAFROST 
ZONE; PHASE BEHAVIOR: PHASE CHANGE: ROCK 
SAMPLE; SAMPLE: S O L I D I F I C A T I O N ;  SUPPLEMENTAL 
TECHNOLOGY; *THERMAL INSULATION:  WALL; .ZWE 
(GEOLOGY); ( P )  CANADA 
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ACCESSION NUMBER 232033 
T I T L E  METHOD FOR COMPLETING A WELL I N  A PERMAFROST 

AUTHORS NG F W: PERKINS T K 
SOURCE U S 3.995.695. C 12/7/76. F 8/15/75: ATLANTIC 

ENTRY YEAR 1977 
INDEX TERMS ANNULUS: ARCTIC D R I L L I N G :  ATLANTIC R I C H F I E L D  

ZONE 

R I C H F I E L O  CO 

CO; CHART: *CLEANING: COMPOSITION: DENSITY: 

D R I L L I N G  (WELL):  ENGLISH: FLOW PROPERTY: 
*FLUSHING: FREEZING: L I O U I D  VISCOSITY:  PATENT 
( A ) :  PERMAFROST: *PERMAFROST ZONE: PHASE 
BEHAVIOR; PHASE CHANGE: PHYSICAL PROPERTY: 
PREVENTION: PROCEDURE: S O I L . ( E A R T H ) ;  
S O L I D I F I C A T I O N ;  V ISCOSITY:  *WASTE MATERIAL: 
*WASTE WATER; WATER BASE MUD; WATER CONTENT: 
*WELL CLEANWT:  WELL C O W L  S E W  + WORKOVER; 
* Y E L L  COMPLETION: WELL UORKOVER: *ZONE 
(GEOLOGY); ( P )  USA 

DIAGRAM; OISPLACEOENT: D R I L L I N G  F L U I D :  

liCCESSIOEl NUMBER 
T I T L E  

AUTHORS 
SOURCE 
ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 

ENTRY YEAR 
KNDEX TERMS 

232031 
FOAMED CEMENTITIOUS COMPOSITIONS AND METHOD 
OF PRODUCING SAME 
CORNWELL C E; PLUNGUIAN H 
U S 3.989.534. C 11/2/76. F 8/29/74 
1977 
*ADDIT IVE:  AERATION: ALUMINATE: ALUMINOUS 
CEMENT: ANION: BENTONITE: CALCIUM ALUMINATE: 
CARBOHYDRATE: CASING SETTING: *CEMENT: CEMENT 
COMPOSITION; CEMENT SLURRY: 'CEMENTING: CLAY; 
COMPOSITION: COMPOUND; CONCRETE; CONTROL; 
DATA; *DENSlTY:  DEPOSIT (GEOLOGY): ENGLISH; 
FILLER: *FOLU: FOAMING: *FOAMING AGENT; GUAR 
GUM; GYPSUM: INORGANIC; ION: *LIGHTWEIGHT 
CEMERT; MIRERAL: *MIXTURE; NATURAL RESIN: 
NONIONIC;  ORGANIC: PATENT (A ) ;  *PHYSICAL 
PROPERTY; POLYSACCHARIDE: PORTLAND CEMENT: 
STARCH; SULFATE MINERAL: SURFACE ACTIVE 
AGENT: TABLE (DATA):  WEIGHT; WEIGHT CONTROL: 
Y E L L  COMPL SERV + WORKOVER: YELL  CORlPLETION: 
( P )  USA 

23201 2 
METHOD OF FOAM D R I L L I N G  USING A 
D ~ - S U B S T I T U T E D  TAURATE FOAMING AGENT 
FISCHER P W: PYE 0 S 
U S 3.995.705. C 12/7/76. F 10/24/75: UNION 
O I L  CO CAL lFORNIA  
1977 
ACID:  * A D D I T I V E :  A L K A L I  METAL: ALKANE: ALKYL: 
AMINO ACID:  AMMONIUM: COMPOSITION; COMPOUND; 
CONCENTRATION: CUTTINGS REMOVAL; DATA: 
* D R I L L I N G  F L U I D ;  * D R I L L I N G  ( Y E L L ) :  D R I L L I N G  
(WELL) ( C ) ;  ENGLISH; ESTER; FOAM: *FOAM 
D R I L L I N G ;  FOAMING: *FOAMING AGENT: *GAS 
D R I L L I N G ;  H I G H  TEMPERATURE: HYDROCARBON 
CONIPOUND: MIXTURE: MOLECULAR STRUCTURE: 
MOLECULAR WEIGHT: ORGANIC ACID:  PATENT ( A ) :  
PHYSICAL PROPERTY; REMOVAL: SALT; SATURATED 
HYDROCARBON: STRUCTURE: SULFONATE: SULFONIC 
ACID;  'SURFACE ACTIVE AGENT: TABLE (DATA);  
TAURINE: TEM?ERATURE: UNION O I L  CO 
CALIFORNIA :  ( P I  USA 
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ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHORS 
S W R C E  

ENTRY YEAR 
XNDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

232009 
CLAY-FREE THIXOTROPIC WELLBORE F L U I D  
H A R T F I E L  A H 
U S 3.988.246. C 10/26/76. F 5/24/74: 
CHEMICAL A D D I T I V E S  CO 
1977 
* A D D I T I V E ;  BACTERIA: BRINE:  BUSINESS 
OPERATION; CARBOHYDRATE: CHEMICAL A D D I T I V E S  
CO; COMPOSITION; COMPOUND; DATA; D E R I V A T I V E  
(CHEMICAL) :  * D R I L L I N G  FLUID:  D R I L L I N G  (WELL) 
( C ) :  ELEMENT (CHEMICAL) ;  ENGLISH: *FLOW 
PROPERTY; F L U I D :  F L U I D  PROPERTY: INORGANIC; 
LIGNOSULFONATE: LOW SOLIDS MUD; MAGNESIUM: 
MAGNESIUM OXIDE;  MANUFACTURING: *MUD 
ADOIT I V E  : MUD COhlPOSI T I O N  : NONNEWTONI AN 
F L U I D ;  ORGANIC MUD A D D I T I V E ;  OXIDE; PATENT 
( A ) ;  *PHYSICAL PROPERTY; POLYSACCHARIDE; 
RHEOLOGY; SALT CONTENT; STARCH: *STARCH MUD: 
*ORGANOCLAY COMPLEX: PATENT ( A )  ; PHYSICAL 
PROPERTY; *OUATERNARY AMMONIUM COMPND; 
RHEOLOGY: SALT; * S I L I C A T E  MINERAL: SLURRY; 
STEARATE: STEARIC ACID.  HYDROXY-: STRUCTURE: 
SURFACE PROPERTY: SUSPENSION; TABLE (GATA) :  
V I S C O S I T Y ;  .WAX; WETTABIL ITY;  ( P )  USA 

230621 
APPARATUS FOR SPRAYING AN I N S U L A T I N G  FOAM ON 
AN I N S I D E  WALL OF A TANK 
ESTEEANEZ J;  L I N F I E L D  P M 
U S 3.989.006. C 11/2/76. F 6/16/75. PR GR 
B R I T  6/21/74; SHELL O I L  CO 
1977 
ADJUSTABIL ITY;  APPLYING; CHART: COATING 
MATERIAL:  *COATING PROCESS: COLUMN: C R Y S E N I C  
TEMPERATURE: DESIGN: DESIGN C R I T E R I A :  
ENGIKEERING; ENGINEERING DRAWING: ENGLISH: 
FOAM; *FOAMED PLASTIC :  FOAMING: *INSULAT!NG 
MATERIAL:  INTERNAL COATING: LOW TEMPERATURE; 
*MARINE TRANSPORTATION: MIXTURE: MOUNTING; 

P I P E L I N I N G .  S H I P  + STORAGE: PLASTIC:  P L A S T I C  
COATING: *POLYMER: SHELL O I L  CO: * S H I P :  
S P E C I F I C A T I O N :  *SPRAYING: STORAGE F A C I L I T Y :  
TANK; *TANKER: TEMPERATURE; *THERMAL 
INSULATION:  *TRANSPORTATION: WALL; ( P )  USA 

NONMETALLIC COATING; NOZZLE: PATENT ( A ) ;  

23031 1 
' S T I F F  FOAM' D R I L L I N G  
MCCALLUM R 

1 1 .  JULY 1975 ( A 0 1  
1977 
A I R :  * A I R  D R I L L I N G :  * A I R  HAMMER D R I L L I N G :  
ANNULAR FLOW: BOREHOLE; * D R I L L I N G  FLUID;  
D R I L L I N G  PROBLEM; * D R I L L I N G  (WELL) :  DRXLLINC 
(WELL)  ( C ) :  ECONOUIC FACTOR: ENGLISH; 
EROSION: FLUID ;  FLUX0 FLOW: F L U I D  VELOCITY; 
*FOAM: *FOAM D R I L L I N G :  FOAMING: CAS; 
INJECTION PRESSURE: LOST CIGCULATION; 
*MIXTURE; 'PERCUSSION D R I L L I N G :  PRESSURE: 
ROTARY D R I L L I N G ;  SLURRY: S P E C I F I C A T I O N ;  
SUSPENSION: VELOCITY: WATER YELL: YEAR; WELL 

J GROUNDWATER ASS s a sw AFR v 1 ,  NO 2. PP 4. 

t 
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bd ACCESSION NUMSER 228704 
I T L E  LIGHTWEIGHT CELLULAR CEMENT CQ*lPOSITIONS AND 

h:ETHOOS OF CAPSTIlriG THE SAME 
AUTHORS SUTTON 0 L 
SOURCE U S 3.979.217. C 9/7/76. F 5/5/75. PR US 

ENTRY YEAR 1977 
INDEX TERMS * A D D I T I V E :  CASING SETTING:  *CEMENT: 'CEMENT 

6/1/73: HALLIBURTON CO 

COMPOSITION: CEMENT HANDLING: CEMENT WATER 
RATIO;  'CEMENTING: *COMPOSITION: CONCRETE; 
CONSTRUCTION; CCNSTRUCTION MATERIAL:  CONTROL: 

FOAMING: FORMING: HALLIBURTON CO: 
*LIGHTWEIGHT CEMENT: MIXTURE: MOLDING; PATENT 
( A ) :  *PHYSICAL PROPERTY: PROCEDURE: 
S T A B I L I Z E R  ( A D D I T I V E ) :  *SURFACE ACTIVE AGENT: 
WEIGHT: WEIGHT CONTROL: WELL COMPL SERV + 
WORKOVER: WELL COhlPLETION: ( P I  USA 

DEFORUATION: * D E h S I T Y ;  ENGLISH: F O A I ;  

ACCESSION NUM~ER 
T I T L E  

AUTHORS 
SOURCE 
ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 

bi 

ENTRY YEAR 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 
ENTRY YEAR 
I No€ x -TERMS - 

228593 
GEOTHERMAL WELL D R I L L I N G  F L U I D  TECHNOLOGY--A 
LITERATURE SURVEY 
GOODE A H; L I L E S  K J: SADLER L Y I 1 1  
U S EUR MIh'ES INFORM C I R C  NO 8724. 28 PP. 1976 
1977 
ACRYLIC A C I D  HOMOPOLYMER: * A D D I T I V E :  A S I A :  
ATLANTIC OCEAN; CALIFORNIA;  CHROMATE; 
COUPOS1TION; CONTROL: DATA: * D R I L L I N G  FLUID:  
D R I L L I N G  F L U I D  CONTROL: D R I L L I N G  PROBLEM: 
* D R I L L I N G  (WELL) ;  D R I L L I N G  (WELL)  ( C ) :  
ENGLISH; EUROPE: *EXPLORATION: gEXPLORAfORY 
D R I L L I N G :  F I E L O  DATA: F L U I D  PROPERTY: 
'GEOPHYSICAL EXPLOaATION: *GEOTHERMAL 
EXPLORATION: H A W A I I :  H I G H  TEMPERATURE: 
ICELAND: I T A L Y :  JAPAN: LIGNOSULFONATE; *MUD 
A D D I T I V E :  MUD PROPERTY: MUD WEIGHT: NEVADA: 
NEW ZEALANO: NORTH AMERICA: OCEANIA: PHYSICAL 
PROPERTY: POLYMER; SEAS AND OCEANS: TABLE 
(DATA):  TEMPERATURE: TURKEY: U N I T E D  STATES: 
'WATER BASE MUD: WELL TEMPERATURE: YESTERN 
US: WORLD WIDE 

228022 
CHEMICAL TREATMENT PROGRAMMES FOR I N J E C T I O N  
WATER:-- AN INSTRUMENTATION PACKAGE FOR NORTH 
SEA F I E L D S  
BAKER C: WITHERS A 
PETROL TZMES V 80. NO 2036. PP 23. 25. 27. 
10/1/76 
1976 
*TRANSITION TEMPERATURE: WATER; *WATER BASE 
MUD; WATER CONTENT: WELL C W P L  SERV + 
WORKOVER: *WELL COMPLETION: *ZONE (GEOLOGY): 
- I P )  USA 

2271 20 
THE POTENTIAL OF STABLE FOAM 
MITCHELL T 
OILWEEK V 2 7 .  NO 35. P 11. 10/11/76 
1976 

- -DRILLING: ALBERTA: CANADA: CASE WST0ft.r: 
COMPARISON: CONTAMINATION; CONTROL: DATA: 
* O R I L L I N G  F L U I D :  D R I L L I N G  PROBLEM: * D R I L L I N G  
( W E L L ) ;  D R I L L I N G  (WELL)  ( C ) :  ENGLISH; *FOAM: 
*FOAM D R I L L I N G ;  FOOTHILLS STRUCTURE: 



ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHOR S 
SOURC€ 

ENTRY YEAR 
INDEX TERMS 

FREEZING; GENERATOR: I N S U L A T I N G  MATERIAL; 
L I M I T :  *LOST CIRCULATION: MINIMUM: *MIXTURE: 
MOUNTAIN; NEWS; NORTH AMERICA; PHASE 
BEHAVIOR: PHASE CHANGE: *PHYSICAL PROPERTY: 
SAFETY: SHELL CANADA LTD; SOAP: 
S O L I D  1 F I C A 1  I C N  : STAB1 L I T Y  : THERMAL I N S U L A 1  I O N  

226995 
TAR SANDS TREATMENT 
SMITH R H 
CAN 993.392. C 7/20/76. F 10/3/73. PR US 
7/9/73; ATLANTIC R I C H F I E L D  CO 
1976 
ALT FUELS + ENERGY SOURCES: ATLANTIC 
RICHF. IELD CO: *BITUMINOUS SANDSTONE; 
CENTRIFUGE; CENTRIFUGING; *CRUDE O I L ;  DESIGN: 
DESIGN CRITERIA ;  D I L U T I N G :  DISPOSAL: DRYING: 
ENGINEERING; ENGLISH; FOAM: FOAMING: 
GRAVITATIONAL SEPARATION: *h.OT WATER; 
*MANUFACTURED CRUDE O I L ;  MECHANICAL 
DEHYDRATION: MIXTURE; ' O I L  AN0 GAS RECOVERY; 
* O I L  RECOVERY: PARTICLE;  PATENT ( A ) :  
*PETROLEUM: PHYSICAL SEPARATION; PROCESS 
DESIGN; *RECOVERY PROCESS; RESIDUE: *ROCK: 
*SANDSTONE; *SEDIMENTARY ROCK; SEPARATION 
EOUIPblENT; SOLID:  S P E C I F I C A T I O N ;  STEAM: 
STRIPPING:  *TAR SAND; *TAR SAND O I L :  *TAR 
SAND O I L  RECOVERY; *WATER: WATER DISPOSAL; 
WATER VAPOR: ( P I  CANADA 

223382 
AERATED FOAM D R I L L I N G  I N  T R I N I D A D  
JOKHOO K 
PETROL ENG V 48. NO 7. PP 24. 26. 28. 32. 
JUNE 1976 
1976 
CASING SETTING: CENOZOIC: CENTRAL AMERICA: 
COST; CUTTINGS REMOVAL; DATA: D R I L L I N G  COST: 
D R I L L I N G  DATA: D R I L L I N G  EOUIPMENT; * D R I L L I N G  
F L U I D :  D R I L L I N G  PROBLEM: * D R I L L I N G  PROGRAM; 
D R I L L I N G  RATE: * D R I L L I N G  (WELL) :  D R I L L I N G  
(WELL)  ( C ) ;  EARTH AGE: ECONOMIC FACTCR; 
ENGLISH; F L U I D  PROPERTY; FOAM; *FOAM 

STRUCTURE; GUAYAGUAYARE O I L  F I E L D ;  
INCOh1PETENT BED: LESSER A N T I L L E S :  LOST 
CIRCULATION: LOW PRESSURE: MIOCENE: MIXTURE; 
MUD PROPERTY; MUD WEIGHT; O I L  AND GAS FIELDS;  
O I L  F I E L D ;  O I L  RESERVOIR: PHYSICAL PROPERTY; 
P I P E  ST ICKING:  PRESSURE: REMOVAL; RESERVOIR: 
SANDSTONE RESERVOIR: TERTICIRY PERIOD; 
*TRIN IDAD;  T R I N I D A D  AND TOBAGO; 
UNCONSOLIDATED FORMATION; 'UNUSUAL D R I L L I N G  
CONDITION; YELL LOGGING: WEST I N D I E S  

D R I L L I N G :  FORMATION (GEOLOGY): GEOLOGIC 

222543 
THE EFFECT OF POTASSIUM-SALT LWDS ON GAMMA 
RAY, AND SPONTANEOUS POTENTIAL MEASUREMENTS 
COX J Y; RAYMER L L 
l7TH ANNU SPWLA LOGGING SYMP TRANS 20 PP. 
1976 (PAPER NO 11) 
1976 
BICARBONATE; BUSINESS OPERATION; CHEMISTRY: 
CHLORIDE; * D R I L L I N G  F L U I D ;  *ELECTRIC LOGGING: 
ELECTROCHEMISTRY; ELEMENT (CHEMICAL) : 
ENGLISH: EVALUATION: F ILTRATE:  F L U I D  

. 

138 



bd 

ACCESSION NU1CBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

PROPERTY: FORMATION DAMAGE: FORMATION 
EVALUATION: *GAMMA RAY LOGGING: 
* INTERPRETATION: INVADED ZONE: ION: ISOTOPE: 
*MINERAL: MUD PROPERTY: MUD R E S I S T I V I T Y :  
*NUCLEAR LOGGING: PHYSICAL PROPERTY: 
POTASSIUM; POTASSXUM BICARBONATE: P O T A S S I W  
CHLORIDE: -POTASSIUM MINERAL:  RADIOACTIVE 
ISOTOPE: RADIOACTIVE MINERAL:  RADIOACTIVITY:  
*SALT UATER MUD: *SELF POTENTIAL LOGGING: 
THERMAL PROPERTY: W A T E R  BASE MUD: WELL LOG 
INTERPRETATION; *WELL LOGGING: WELL LOGGIN6 + 
SURVEYING 
S T A E 1 L f Z A T I D N :  HYDRAULICS: MUD A D D I T I V E :  *MUD 

OKLAHOMA: S T A B I L I Z A T I O N :  TEMPERATURE: TEXAS: 
UNITED STATES; 'UNUSUAL D R I L L I N G  CONDITION: 
USA: WATER 6ASE MUD 

COMPOSITION: '!olUD PROGRbM: NORTH AMERICA: 

219176 
FORMATIDN FRACTURING W I T H  STABLE FOAM 
BLAUER R E: DUReCROW J 
U S 3.937.283. C 2/10/76. F 10/17/74: DOU 
CHEMICAL CO. MINERALS MANAGEMENT I N C  
1976 
ACID:  ADDITIVE:  A I R :  BLOCK DIAGRAM: CARBON 
DIOXIDE:  CHART: COhlPOSITION: COMPOUND: 
COMPRESSED GAS: DIAGRAM: DOW CHEMICAL CO: 
ELEhlENT (CHE!dICAL): EMULSION: ENGLISH: 
FISSURE (GEOLOGY): F L U I D :  * F o r m :  FOCMING: 
FRACTURE EXTENSION: FRACTURE (ROCK): 
*FRACTURING: *FRACTURING F L U I D :  FRACTURING 
PRESSURE: GAS: GAS I N J E C T I O N :  GEOLOGIC 
STRUCTURE: GRAPHICAL REPRESENTATION: 
*HYDRAULIC FRACTURING: INDUCED FRACTURE: 
INJECTION:  L I Q U I D :  MATHEMATICAL ANALYSIS:  
MATHEMATICS: MINERALS MANAGEMENT INC:  MIXING:  
*MIXTURE: NITROGEN: O I L :  ORGANIC: PATENT ( A ) :  
*PHYSICAL PROPERTY: PRESSURE: PROCEDURE: 
QUALITY:  * S T A B I L I T Y :  SURFACE A C T I V E  AGENT: 
TEMPERATURE: WATER: WELL COMPL SERV + 
YORKOVER: WELL COMPLETION; &ELL S~IMULATI~N: 
( P I  USA 

21 8874 
METHOD OF RECOVERING O I L  USING STEAM 
NEEOHAH R 0 
U S APPL 0 529.836. F 12/5/74: P H I L L I P S  
PETROLEUM CO 
1976 
A D D I T I V E :  CHEMICAL I N J E C T I O N :  CRUDE O I L :  
ENGINEERING: ENGLISH: *FOAM: FOAMING: FOAMING 
AGENT: *FORMATION PLUGGING: GEOLOGIC 
STRUCTURE: INJECTION:  I N J E C T f O N  WELL; 
I N J E C T I V I T Y :  * I N J E C T I V I T Y  PROFIL ING:  
*MIXTURE: O I L  AND GAS RECOVERY; O I L  
PRODUCING: O I L  RECOVERY: O I L  RESERVOIR: 
PATENT ( A ) :  PETROLEUM: PETROLEUM ENGINEERING: 
P H I L L I P S  PETROLEUM CO: PHYSICAL PROPERTY: 
*PLUGGING: *PLUGGING AGENT: PRODUCING: 
PRODUCING WELL: *PROFIL ING:  RECOVERY 
CATEGORY: *RECOVERY PROCESS; RESERVOIR; 
RESERVOIR ENG + RLC UETHOD: RESERVOfR 
ENGINEERING: SECONDARY RECOVERY; STEAM: 
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ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 

ENTRY YEAR- 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 

ENTRY YEAR 
I N D E X  TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 
ENTRY YEAR 
INDEX TERMS 

2 1 8 0 5 7  
CCMPOSITION A K 3  PROCESS FOR DEFOAMING 
D R I L L I h G  F L U I D S  
ELT1l;G K A C 
U S 3.920.559.  C 11/ '18 /75 .  F 2 / 1 9 / 7 4 :  MILCHL 
I NC 
1376 
A C I D :  'ADD1 T I V E :  ALCCHOL; ALUM1 FIUM STEARATE: 
= A N T I F O A M I ~ G  AGENT: CALCIUM S T E ~ R A T E :  
COMPOUND; *CONTROL: DATA: *DEFOAMING; 
*DEGASSING; * D R I L L I N G  F L U I D ;  * D R I L L I N G  F L U I D  
CONTROL: D R I L L I N G  (WELL)  ( C ) :  ENGLISH: ESTER; 

I-IIXTURE; OLEYL ALCOHOL: ORGANIC: ORGANIC 

*PHYSICAL SEPARAT!CN: PROPYLENE O X I D E ;  SALT: 
SOAP; STEARATE; STEARIC A C I D :  SURFACE A C T I V E  
AGENT: * S Y h E R G I S T l C  EFFECT: TABLE (DATA) :  

FCAid: I N H I E ? i T I O N :  IRON STEARATE: MILCHEM I N C :  

A C I D :  ORGAhCVETALLIC CG3PCUND: PATENT ( A )  : 

* W A T E R  BASE rwo: ZINC STEARATE: (PI  USA 

2 1 7859 
TECHNICUES AED RESULTS OF FOAM R E D R I L L I N G  
OPERATIONS--SAN JOAOUIN VALLEY. C A L I F b R N I A  
ESSARY R L; ROGERS E E 
2NO SPE OF AIWE FORMATION DAMAGE CONTR SYMP 
PREPRINT NO S P E - 5 7 1 5 .  PP 235-244. 1976 
1976 
CALIFORNIA:  CASE HISTORY; o C I R C U L A T I N G  
SYSTEhl; COST: CUTTINGS REMOVAL; DATA; 
D R I L L I N G  COST; O D R I L L I K G  F L U I D :  * D R I L L I N G  
( W E L L ) :  ECONOMIC FACTOR: ENGLISH: FOAM: *FOAM 
D R I L L I N G :  FORMATION DAMAGE: I N J E C T I O N  WELL: 
'L INER COMPLETION: LOW PRESSURE: MIXTURE: 
NORTH AhlEiZICA; PRESSURE: RECOVERY PROCESS: 
REMOVAL; SAN JOAOUIN B A S I N :  *SHALLOW WELL; 
ST'ANDARD O I L  CO C A L I F O R N I A :  STEAM I N J E C T I O N ;  
.SYSTEM (ASSEMBLAGE): THERMAL RECOVERY: 
U N I T E D  STATES; +WELL: WELL C O W L  SERV i 
WORKOVER: *WELL COMPLETION 

21 7044 
PREFORMED STABLE FOAM PERFORMANCE I N  D R I L L I N G  
EVALUATING SHALLOW GAS WELLS I N  NORTHEASTERN 
ALBERTA 
BENTSEN N W: VENY J N 
2ND SPE OF AIME FORMATION DAMIGE CONTR SYMP 
PREPRINT NO S P E - 5 7 1 2 .  PP 213-218. 1976 
1976 
* A D D I T I V E ;  *ALBERTA: CANADA; CAPACITY (ROCK); 
CIRCULATING SYSTEM: CORING; CUTTINGS REMOVAL; 

2 1 2005 
FOAM RECOVERY PROCESS 
ROOT P J 
U S 3 . 8 9 3 . 5 1 1 .  C 7/8/75. F 6/9/71; SUN O I L  CO 
1975 
A D D I T I V E ;  CAREON D I O X I D E :  *CARBON D I O X I D E  

COMPCUNT): *CONTROL: CRUDE O I L ;  C Y C L I C  
I N J E C T I O N ;  EFFICIENCY:  ENGINEERING: ENGLISH; 
FLOODING (FORMATION): *FLOW CONTROL: * F L U I D  
ENTRY PROFIL ING;  F L U I D  FLOW; *FOAM: FOAM 
FLOODING: FOChtIhC; FOCNING AGENT : FORhlATION 

GEOLOGIC STRUCTURE: HETEROGENEITY; I N  S I T U ;  

INJECTION:  CHEIJICAL: CHEhlICAL I N J E C T I O N ;  

DAMAGE: *GAS ENTRY P R O F I L I N G :  'GAS rNJECT ION: 
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*INJECTION: INJECTION WELL; I N J E C T I V I T Y :  
I N J E C T I V I T Y  PROFIL ING;  *MIXTURE; O I L  
RECOVERY; O I L  RESERVOIR: ORGANIC: PATENT ( A ) ;  
PERMEABILITY:  PERblEABILITY (ROCK): PETROLEUM; 
PETROLEUM ENGINEERING; PHYSICAL PROPERTY: 
*PROFIL ING;  -RECOVERY: RESERVOIR: RESERVOIR 
ENG + REC hlETHOD; RESERVOIR ENGINEERING: 
*SECONDARY RECOVERY: SUN O I L  CO: SURFACE 
A C T I V E  AGEEIT: SWEEP E F F I C I E N C Y :  WELL: (PI USA 

ENTRY-Y EAR 
INOEX TERMS 

I 

ACCESSION NUMBER 
T l l L C  
AUTHORS 
SOURCE 
EUTRY YEAR 
INOEX TERMS 

ACCESSION NUMBER 21 1954 
T I T L E  FOAM PRESSURE LOSS I N  VERTICAL TUBING 
AUTHORS KRUG J A 
SOURCE O I L  GAS J V 73, NO 40. PP 74-76. 7 8 .  10/6/75 

1975 
* A R T I F I C I A L  L I F T :  CALCULATING; *CHANGE: 
CHART; COEFFICIENT OF F R I C T I O N :  CONTROL: 
DATA: *DECREASE: DENSITY;  DIAMETER: G R I L L I N G  
(WELL) :  * E M P I R I C A L  ANALYSIS:  ENGLISH; 
EQUATION: EXAMPLE; FANNING F R I C T I O N  FACTOR; 
FLOW PROPERTY: F L U I D  FLOW: FOA!d: FOAM 
D R I L L I N G :  *FOAM L I F T I N G :  FOAMING: FRICTION; 
* F R I C T I O N  LOSS ( F L U I D ) :  GRAPH; *GRAPHICAL 
SOLUTION: LAMINAR FLOW: *LOSS: *MATHEMATICAL 
ANALYSIS:  MATHEMATICAL MODEL: *MATHEMATICS; 
MECHANICAL PROPERTY: MIXTURE: MOOEL; 
MULTIPHASE FLOW: PHYSICAL PROPERTY; P I P E  
DIAMETER: PRESSURE; *PRESSURE DECLINE;  
QUALITY:  QUALITY CONTROL: REYNOLDS NUMBER: 
*TRANSMISSION LOSS: TUBE; TUEING (WELL): 
TUBULAR GO.ODS; TURBULENT FLOW: VERTICAL; 
V ISCOSITY:  WELL COMPL SERV + WORKOVER: Y I E L D  
POINT 

205 152 
APPARATUS FOR GEkERATING AND PUMPING FOAM 
ERON R E 
GR B R I T  1.387.975. C 3/19/75. F 2/26/73 
1975 
* A D D I T I V E ;  APJITATING; AGITATOR: A I R  D R I L L I N G :  
* A R T I F I C I A L  L I F T :  CLEAKiNG:  * D R I L L f K G  (WELL): 
D R I L L I N G  (WELL) ( C l ;  ENGLISH: * F I R E  FIGHTING: 
-FLOODING ( FORMATION): FOAM: *POAM DRILLING:  
*FOAM FLOODING: *FOAM L I F T I N G :  *FOAhlING 
AGENT: GAS D R I L L I N G ;  GENERATOR: MEASURING: 
METERING; MIXTURE; NOZZLE: PATENT ( A ) ;  
PHYSICAL PROPERTY: PUMPING: *RECOVERY: SOAP: 
S T A B I L I T Y :  S T A B I L I Z E R  ( A D D I T I V E ) :  SURFACE 
A C T I V E  AGENT: TESTING; WELL CLEANOUT: ( P I  
GREAT B R I T A I N  

ACCESSION NUMBER 204966 
T I T L E  FOAMED CONCRETE STRUCTURES 
AUTHORS ERGENE M T 
SOURCE U S 3.867.159. C 2/18/15, F 9/10/73. PR US 

ENTRY YEAR 1975 
INDEX TERMS * A O D I T I V E :  ADHESIVE: CASING SETTING: CAVITY:  

10/22/70: STANLEY WORKS 

*CEMENT: -CEMENT ACCELERATOR : CEMENT 
A D D I T I V E :  *CEMENT COMPOSITION: CEMENTING: 
CHEMICAL: CHLORIDE: *COMPOSITION: COtRPOUND: 
-TUN: DENSITY:  EPCLISH: FIBER: 
*FOA:rf; FOAXING: *FOAMING AGENT: FORM1 NG: 
INORGANIC; *LIGHTWEIGHT CEh!ENT: *MIXTURE; 
WOLOIEIG: PATENT ( A ) :  PHYSICAL PROPERTY: 
POLYMER: PORE: PORE S I Z E :  POROSITY; PRESSURE: 
PROCEDURE; REINFORCING AGENT: STANLEY WORKS: 
SYNTHETIC RESIN:  YELL COMPL SERV + WORKOVER: 
Y E L L  COMPLETION: ( P )  USA 
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204908 
h:ODIFIED STASLE FOAM CAN G I V E  LOWER D R I L L I N G  
COSTS 
H I G G I N S  8 
PETROLEUM I N i  V 15. NO 2 .  PP 12-14, 16. FEE 
1975 
1975 
A R T I F I C I A L  L:FT; CARRYING CAPACITY: 'COST: 
CUTTIhGS REMOVAL: * D R I L L I N G  COST: * D R I L L I N G  
F L U I D ;  ' D R I L L I N G  F L U I D  COST: D R I L L I N G  F L U I D  
HYDRAULICS: * D R I L L I N G  ( W E L L ) ;  D R I L L I N G  (WELL) 
( C ) :  'ECON3MIC FACTOR: ENGLISH: FLOW 

L I F T I N G ;  HYDRAULICS; 'MIXTURE: PHYSICAL 
PROPERTY: -FOAM; *FOAM DRILLXNG: FOAM 

200402 
CLOSED C I R C U I T  METHOD OF CLRCULATXNG A 
SUaSTANTIALLY S O L I D  FREE D R I L L I N G  FLUID 
JACKSON J f2 
U S 3.844.361. C 10/29/74. F 4/19/73. PR US 
12/23/70 
1975 
A D D I T I V E ;  CALCIUM CHLORIDE; CATION: CHANGE: 
CHEUICAL : CHLSR ID€ : - C f  RCULAT ING: 
'C IRCULATIhG S f S T E M :  CLAY SWELLING: 'CLOSED 
SYSTE:;; 'CC!.(FOSI 1 ION;  CCKPOUND: 
CONT AKINAT !Si : CCNTROL : CUT1 INGS REUOVAL: 
CUTTINGS ( R O C K ) :  * D R I L L I N G  F L U I D :  D R I L L I N G  
F L U I D  CONTFOL: D R I L L I N G  F L U I D  HYDRAULICS: 
* D R I L L I N G  F L U 1 3  SYSTEM: D R I L L I N G  ( W E L L ) :  
ELECTROLYTE; E h G L I S H :  EXPANSION; FLGW 
FROPEATY; PYDRAULICS; HYDROXYETHYL CELLULOSE: 

.MUD COUPOS I I O N  : UUD SEPARATOR : MUD 
VISCOSITY;  OqGONIC; PATENT ( A t ;  PHYSICAL 
PROPERTY: FREVENTION: REMOVAL: ROCK SAMPLE: 
ROTARY D R i L L I r J G :  SALT:  SAMPLE: SCREEN; 
SEPARATION EOUIPMEkT: SHALE SHAKER: SODIUM 
CHLORiDE; SURFACE A C T I V E  AGENT: *SYSTEM 
(ASSEtSLAGE) :  V I S C O S I T Y :  WATER: WATER BASE 
I U D :  I P )  USA 

INHIB::OR; INOZGJNIC: lor;: *LOW SOLIDS MUD: 

2002 17 
S I L I C A T E  FOAM STRUCTURES AND METHOD OF 
PREPARATIOX 
HOREI J C; SHEELER C W JR 
U s 3.844.804. C 10/29/74. F 1/3/72: GAF COUP 
1975 
ACID:  A L K A L I  VETAL: .CEMENT: CHEMICAL: 
CHEMICAL REaCTION: COMPOSITION: COMPOUND: 
CONCENTRATION: *CONSTRUCTION MATERIAL:  
*DENSITY;  ENGLISH: *FOAM; FOAMING; FORMING; 
GAF CORP: HEATIRG: IN S l T U ;  INORGANIC; 
*LIGHTWEIGHT CEUENT ; *MECHANICAL PROPERTY: 
*MECHANICAL ST REKGTH : *MIXTURE : MOLD1 NG : 
PATENT ( A ) :  PHOSPHORIC ACID:  *PHYSICAL 
PROPERTY; POTASSIUM S I L I C A T E :  S I L I C A T E :  
SODIUM S I L I C A T E :  S O L U B I L I T Y :  TEMPERATURE: 
WATER S O L U B I L I T Y :  ( P )  USA 
SURFACE TENSION: TABLE ( D A T A ) :  TESTING: T H I N  
F I L M :  *VELOCiTY:  V I S C O S I T Y :  WATER: *WAVE 
VE LOC i TY 
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197598 
EXTINGUISHING L I O U I D  HIDROCARBON F I R E S  
AUSTRAL 453.734. C 10/10/74. F 4/29/69. PR Us 
4/30/68: UKION CARBIDE CORP 
1974 
A D D I T I V E :  CHAIIGE: -CHEMICAL: COMBUSTION: 
'COMPOUND: DECRELSE; ELGLISH:  ' F I L M :  F I R E :  
' F I R E  F I G H T l k G :  F L A K V A O I L I T Y :  F L U I D :  *FOAM: 
*FOAKING; F0IL:JING AGENT : *HYOROCARBON 
CGtAPOUND; L I O U I O ;  *MIXTURE; PATENT ( A ) :  
PHYSICAL PROPERTY: SAFETY: S I L I C O N E :  

A C T I V E  AGENT: SURFACE PROPERTY; SURFACE 
TENSION; * T H I N  FIL!h; U N I O N  CARBIDE CORP; 
WETTAEIL ITY:  ( P )  AUSTRALIA 

S O L U B I L I T Y :  SUPPLEr+lENTAL TECHNOLOGY: SURFACE 

197440 

BASE PACKER F L U I D  
MCNDSHINE T C 
U S 3.831.678. C 8/27/74. F 5/2/73: N L 
INDUSTRIES INC 
1974 
* A D D I T I V E :  ASBESTOS: CLAY: COhWOSITION; 
CONCENTRATION: *CCNTROL: DATA: DEPOSIT 
(GEOLOGY); *DISPERSANT: DISPERSING:  D R I L L I N G  
F L U I D ;  ENGLISH: FERRCMAGNESIAH htIl l iERA1: GEL: 
CELATION:  * G E L L l h G  EGEhT; HEAT: HEATING; IN 
S I T U ;  MINERAL: ?&lX:uRE: N L INDUSTRIES INC;  
O I L  EASE MUD: 'PACKER F L U I D :  PATENT ( A ) :  
PHASE BEHAVIOR: PHASE CHANGE: PROCEDURE: 
S I L I C A T E  MINERAL: TABLE (DATA) :  TEMPERATURE: 
*TEMPERATURE CONTROL: VISCOUS O I L ;  WELL C W P L  
SERV + WORKOVER: WELL COMPLETION; *WELL 
SERVICING;  WELL WORKOVER: ( P I  USA 

h!ETHOD OF PRODUCIhG AND U S I N G  I GELLED O I L  

197130 
D R I L L I N G  PROGRESS. PT. 1.  EACH D R I L L I N G  
F L U I D  HAS A S P E C I F I C  A P P L I C A T I O N  
ANDERSON G Y; HUTCHISON S 0 
WORLD O I L  V 179. NO 5 .  PP 04-86, OCT 1974 
i 974 
ACTDTTYfBASICITY: A D D I T I V E :  A I R :  A P P L I C A T I O N :  
CHART: * C L A S S I F I C A T I O N :  COMPOSITION; 
*CONTROL; COST: DATA; DENSITY: DIAGRAM: 

19S118 
A I R  C R I L L I h G  VAY PLAY ROLE I N  GROWING DEEP 
PPPALCCHIAh PLAY 
O I L  CAS J V 72. hO 38. PP 136-138. 9/23/74 
1974 
A D D I T I V E ;  * A I R  D R I L L I N G ;  APPALACHIAN BASIN: 
ART1FIC:AL L I F T :  CARRYING CAPACITY: CASING 
S E T T I h G ;  C A S I W  S l R I N G  DESIGN: CEMENTING: 
CHART: C0LUU:iAR SECTION: COST: CUTTlNGS 
REUOVIL: *DEEP G R I L L I N G :  DESIGV: D R I L L I N G  
COST: G R I L L I N G  PRGaLEM: D R I L L I N G  PROGRAM; 
D R I L L I N G  RIG: * D R I L L I N G  (WELL) :  D R I L L I N G  

ENGLISH: *EXPLORATORY D R I L L I N G ;  FLOW 
PROPERTY; FOAM: FOAU O R I L L I N G :  FOArJ L I F T I N G :  
FOAVIKG AGENT: FOEMATION DAMAGE: *GAS 
D R I L L I N S :  *GAS RESERVE: HOLE CAVING: HOLE 
DEVIATION:  HOLE S T A 3 1 L I Z A T I O N ;  LAND AND 
LEASING: MIXTURE: PUD PRGGRAM: NEWS; NORTH 
AYERICA: PHYSICAL PROPERTY: P I P E  S T I C K I N G ;  

SHORTAGE; SLOUGHIhG SHALE; S T A B I L I Z A T I O N :  
WATER ENTRY: WEST V I R G I N I A  

(WELL)  ( C ) :  'ECC1.CMlC FACTOR: ENGINEERING; 

PRDGRPM; REMOVAL: *RESERVE: SALT BED: 
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i 9 4 9 4 a  
MATERIALS FOR LEAK-PROOFING NAVY O I L  TANKERS 
(SUPPLEMENT 1 
MATHEWS C W :  V I N D  H P 
U S hAVAL C I V I L  ENG LAB REP NO 
N C E L - T R - 1 2 5 2 - S .  11 FP.  JULY 1973; A D - 7 6 5 . 5 6 8 / 1  
1974 
A D D I T I V E :  *CRUDE O I L :  ENGLISH: * F L U I D  LOSS: 
FOAM; *FOAfiE3 PLASTIC;  FOAMING; FOAMING 
AGENT: 'LEAK; hlAINTEI4ANCE: MARINE 
TRANSPORTATION; UIXTURE:  *PETROLEUM; 
P I P E L I N I N G .  S H I P  + STORAGE; *PLASTIC:  

*SEALING; * S H I P ;  STORAGE F A C I L I T Y ;  TANK: TANK 
BOTTOM; *TANKER; TRANSPORTATION; Us NAVAL 
C I V I L  ENG LC9; * V E H I C L E  

*POLYhIER; PWJPING; REMOVAL: REPAIR:  SEAL: 

1 9 4 4 7 6  
WATERFLOODING PROCESS 
JONES L W 
U S 3.617.331. C 6 / 1 8 / 7 4 .  F 12/22/72; AMOCO 
PRODUCTION CO 
1974 
* A D D I T I V E :  ALCCHOL: A L I P H A T I C ;  AMOCO 
PRODUCTION CO; CHEMICAL: COMPOSITION; 
COMPOUND: CRUDE O I L ;  DATA: *EFFICIENCY:  

MATERlAL:  * C C A l I h G  PROCESS: *CONSTRUCTION; 
CONTROL; CORROSION CONTROL: CRUDE O I L ;  DEPTH; 
DIAGPCM; EhGLISH:  *EXTERNAL COATING; FOAM: 

1NDOt;ESIAN SEAS : I N S U L A T I N G  MATERIAL : JAVA: 
J A V A  SEA; L I N E  P I P E :  MAtJUFACTURING: 

EOUIFhlENJt: O I L  E W  GAS F I E L O S :  OIL F I E L D :  
PETROLEUM: P I P E ;  P I P E L A Y I N G  BARGE: ' P I P E L I N E ;  
* P I P E L I N E  CONSTRUCTION; P I P E L I N I N G .  S H I P  + 

POLYURETHlhE; PREFABRICATION; PROCEDURE; SEAS 
ALND OCEANS: SHIP; SOLID HYDROCARBON; 
SOUTHEAST A S I A ;  SYSTEM IASSEMBLAGE);  TAR: 
*THERMAL INSULATION: TUBULAR GOODS: 
*UNDERWATER P I P E L I N E :  VEHICLE:  WATER DEPTH; 
WELDED P I P E :  WELDING 

CEh?ENT COATED P I P E :  CHART; COAL TAR: 'COATING 

FOAMED P L A S T I C :  F0A:rlING: INCONESIA:  

t*?ECHPNICAL JACK; MIXTURE: OFFSHORE; OFFSHORE 

STORAGE; P I P I N G  SYSTElrl; P L A S T I C ;  POLYMER: 

187338 
CHEMICAL FOAMING AND S E N S I T I Z I N G  OF 
WATER-BEARING EXPLOSIVES WITH HYDROGEN 
PEROX #DE 
TOMIC E A 
U S 3.790.415. C 2/5/74. F 8/18/90: DU PONT 
DE NEhX)URS 6 CO 
1 9 7 4  
ACRYLAMIDE: ACRYLANliDE COPOLYhlER; ACRYLARlIOE 
HGUGPOLYMER: ' A D D I T I V E :  AUhlONIUM NITRATE:  
BLASTING: CHErvlICPL: *COLLOIDAL DISPERSION: 
COMPOSITION; COMPOUND: CONCENTRATION: DATA; 
DU PONT DE NEMOURS 6 CO: ENGLISH; 'EXPLOSIVE: 
*FOAX: FOAMING: 'FOAMlhC AGENT: FUEL: FUEL 
O I L ;  GEL: GELLING AGENT; HEATING FUEL; 
HYDROGEN PEROXIDE: IKCRGANIC:  ' L I O U I D  
EXPLOSIVE;  *fRIXTURE: N I T R A T E :  ORGANIC; 
O X I D I Z I N G  AGENT: PATENT ( A ) :  PEROXIDE; 
POLYt4ER; PROCEDURE; S E N S I T I V I T Y :  * S E N S I T I Z E R :  
TABLE (DATA) ;  1E:dPERATURE: THICKENER; WATER; 
WELL C O l P L  SERV + WORKOVER; ( P )  USA 
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1 6 7 3 1 7  
LOST CIRCULLiTION CONTROL 
GESSEFJGER d U 
U S 3 , 7 8 8 , 4 0 6 .  C 1/29/74. F 12/27/71; MOBIL 
O I L  CORP 
1974 
* A D D I T I V E :  *ASPHALT: BRIDGE PLUGGING: 
*BRIDGING MATERIAL; CHEbtICAL; *COAL: 
COMPOSITION: COFGPCUND; CONCENTRATION: DATA; 
DISPERSANT; DISPERSING; D R I L L I N G  F L U I D :  

1 8 5 0 5 2  
CEYE!;T S?ACER F L U I D  
CARNEY L L 
SPE OF AIME FCRh!ATION OAKAGE MTG PREPRINT NO 
S P E - 4 7 8 4 .  PP 1 5 1 - 1 6 4 .  1974 
1 9 7 4  
CEVENT; CEKENT SLURRY: *CEMENTING; 
CIRCULATING: CCKPAT I B I  L I T Y ;  'D!SPLACEh:ENT : 
D R I L L I N G  F L U I C :  EMJLSION: EMULSION MUD: 
ElliGLISH; F I E L D  TESTING; *FLUSHING: FORMATION 
DAMAGE: HALLIEURTCN SERVICES: MIXTURE; O I L  
BASE KUD: TESTING; WELL COMPL SERV + 
WORKOVER; WELL COMPLETION: OWELL COMPLETION 
F L U I D  

165006 
O R I L L I N G  F L U I D  F I L T R A T I O N  UNDER SIMULATED 
DOYNHOLE CONDITIONS 
SIhlPSON J P 
SPE OF ASME FOREATION OAMAGE MTG PREPRINT NO 
S P E - 4 7 7 9 .  FP 1 0 3 - 1 1 6 ,  1974 
1974 
CHANGE; CLAY SXELLING; COMPOSITION: DATA: 
*OR1 L L I N G  FLU! D : 'DRI  L L  ING FLU1 0 TEST I NG; 
D R I L L l N G  (WELL] :  D R I L L I N G  ( Y E L L )  ( C ) ;  
ENGLISH: EXPANSION: EXPERIMENTAL DATA: 
F ILTRATE:  * F I L T R A T I O N :  F L U I D  LOSS; F L U I D  
PfiOPERTY: *FCRVATION DAMAGE: H I G H  PRESSURE: 
HIGH TE%lPERATURE. * INVADED ZONE: 'LABORATORY 
ECUIPb?ENT: LABORATORY TESTING:  MUD 

MUD PROPERTY: O I L  BASE MUD: PHYSICAL 
PROPERTY; 'PHYSICAL SEPARATION: PRESSURE: 
PRODUCTIVITY; ROTARY D R I L L I N G ;  TEMPERATURE: 
*TESTING: WATER BASE MUD 

CGIPOSITION:  *MUD F I L T E R  PRESS: MUD FILTRATE:  

1 8 4 5 5 9  
METHOD OF REMOVING L I O U I D S  AND SMALL SOLIDS 
FROM WELL BORES 
GROVES W L J R  
U S 3.773.110. C 11/20/73. f 0/14/72: 
CONTINENTAL O I L  CO 
1 9 7 4  
ACDITSVE; * A I R  D R I L L I N G :  A L K A L I  METAL: ANION: 
* A R T I F I C I A L  L I F T :  CHEMICAL: CHEMICAL 
INJECTION:  CLEANING: CONTINENTAL O I L  CO: 
CONTROL; CUTTINGS REMOVAL: D R I L L I N G  F L U I D ;  
* D R I L L I N G  ( Y E L L ) :  D R I L L I N G  (WELL) I C ) :  
DRYIkG;  ELEMENT (CHEMICAL) :  ENGLISH; *FOAM 
D R I L L I N G ;  *FOAM L I F T I N G ;  FOAMING; FOAMING 
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*DETERIORATION; ' D R I L L I N G  F L U I D :  D R I L L I N G  
F L U I D  SYSTE?.!: D R I L L I W  ( W E L L ) :  ENGLISH; FLOY 
PRCPERTY; GELATION; * H I G H  TEMPERATURE; 
MxLcnErd INC; VIXTURE; MUD ADDITIVE; h i m  
C 0 3 P G S I T I O h ;  f i U D  SYSTEM: ORGANIC ACID:  
PATENT; PHASE BEHAVIOR; PHASE CHANGE: 
PHYSICAL PROPERTY; POLYMER; REMOVAL: ROTARY 
D R I L L I N G ;  SALT; S T A B I L I T Y :  SYSTEM 
(ASSEUBLAGE); TEMPERATURE: THERMAL S T A B I L I T Y :  
*THIXOTROPY: VISCOSITY;  WATER BASE MUD: ( P )  
USA 

1 8 2 2 5 8  
FOAM FOR SECONDARY AND TERTIARY RECOVERY 
GOGARTY W B 
U S 3.759.325. C 9/18/73. F 6 / 2 4 / 7 1 :  MIRATHON 
O I L  co 
1973 
A D D I T I V E ;  CHEWICAL INJECTION; CONTROL: 
EFFICIENCY:  -EMULSION FLOODING; ENGLISH: 
FLOODlNG (FORMATION); FOAM; *FOAM FLOODING: 
FOAMING: FOAMING AGENT: I N  S I T U :  INJECTION;  
MARATHON O I L  CO; MICELLE:  M I S C I B L E  
DISPLACEMENT; MIXTURE; M O B I L I T Y ;  M O B I L I T Y  
RATIO;  O I L  RECOVERY: PARTICLE:  PATENT; 
RECOVERY: RECOVERY MECHANISM; RESERVOIR ENG + 
REC hvETHOD: *SECONDARY RECOVERY : SOLUBLE O I L ;  
SURFACE ACTIVE AGENT: SWEEP E F F I C I E N C Y :  
*TERTIARY RECOVERY: *WATER D R I V E  ( M I S C I B L E ) :  
WATERFLOOD CONTROL: ( P I  USA 

182197 
HERE'S HOW O I L  MUDS PERFORM AT H I G H  
TEMPERATURES 
BAUMANN R: METHVEN N E 
PETROL PETROCHEM I N 1  V 13. NO 9. PP 54-56. 
61. SEPT 1973 
1973 

CONTROL; CORROSION: COGROSION CONTROL; *DEEP 
D R I L L I N G :  DENSITY: D R I L L  P I P E  CORROSION; 
D R I L L I N G  F L U I D :  * D R I L L I N G  F L U 1 0  HYDRAULICS; 
D R I L L I N G  F L U I D  SYSTEM: O R I L L I N G  (WELL) ;  
ENGLISH; FLOW PROPERTY: F L U I D  PROPERTY; 
FORCE; H I G H  TEh!PERATURE: HYDRAULICS: 
MECHANICAL PROPERTY: *MU0 PROPERTY: MUD 
SYSTEM; MUD VISCOSITY;  KUO WEIGHT; ' O I L  BASE 
MUD: FHYSICAL PROPERTY; RHEOLOGY: SHEAR: 
S T A B I L I T Y :  STRESS: SYSTEM (ASSEMBLAGE); 
TEMPERATURE: THERMAL S T A B I L I T Y :  V ISCOSITY:  
Y I E L O  POINT 

CIRCULATING SYSTEM: CIRCULATING TEMPERATURE; 

1973 
A D D I T I V E ;  A R T I F I C I A L  L I F T :  CLEANING; OEEP 
PRODUCING: D R I L L I S G  (WELL) ;  ECONOMIC FACTOR: 
ENGLISH; *FOAM G R I L L I N G ;  *FOAM L I F T I N G :  
FOAMING; FOLMING AGENT: *FORMATION DAMAGE: 
GAS WELL; HOT WATER; LOSS; LOST CIRCULATION; 
*LOW PRESSURE: NEYS; PARAFFIN REWOVAL: 
PRESSURE; PilODUCING; REMOVAL: SAND REMOVAL: 
STAB!L IZATICN:  SUCCESS RATIO;  WELL: WELL 
CLEANOUT : WELL COhlPL SERV + WORKOVER: *YELL 
WORKOVER 
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171660 
O I L  PHASE D R I L L I N G  F L U I D  ADDIT IVE,  
CC?dPOSITION AND PROCESS 
BROWNING W C; CHESSER B G; WOOD J L 
U S 3.709.819. C 1/9/73. F 5/14/71; MILCHEM 
I NC 
1973 
ABSORBENT; ACRYLIC A C I D  COPOLYMER: ADDIT IVE:  
ASPHALT: CIRCULATING SYSTEM: COtdPOSIfION: 
CONTROL: DEEP D R I L L I N G ;  DEPOSIT FORhlATION; 
* D R I L L I N G  F L U I D :  D 2 X L L I N G  F L U I D  SYSTEM: 
D R I L L I N G  (WELL) :  E W L S I O N :  EMULSION MUD: 
ENGLISH: F I L T E R  CAKe: F I L T R A T I O N :  * F L U I D  LOSS 
ADOIT IVE;  GEOLOGY: H I G H  PRESSURE: H I G H  
TEMPERATURE: .INVERTED EMULSION MUD; MILCHEM 
I N C :  MIXTURE; *MUD A D D I T I V E :  *PUD 

167870 
AOUEOUS FOB%?:EO WELL CIRCULATlON FLUIDS 
CONTAlNING L ELSE CClAPONENT AND THEIR USE I N  
THE TREATMENT OF WELLS 
ANCERSON G W; W'JTCHISON S 0: MCKINNELL J c 
CAN 913.891. C 11/7/72. F 5/26/70. PR U s  
7/7/69: CHEVRCN RESEARCH CO 
1972 
ACID:  * A C I O I Z I N G :  A D D I T I V E :  BASE (CHEMICAL):  
CHEMICAL; CHEVRON RESEARCH CO: * C I R C U L A T I *  
SYSTEhl; CLEANING; COMPOUND; ENGLISH: FOAM: 

*NEUTRALIZER; PATENT: SYSTEM (ASSEMBLAGE): 
*WELL CLEASOUT - *ELI. C O W L  SERV + WORKOVER: 
WELL COMPLETION: WELL COMPLETION FLUID:  *WELL 
ST IMULAT ION : ( P ) CANADA 

FOb!elING; FOAMING AGENT: MIXTURE: 

167838 

SYSTER5 AND I T S  METHOD OF USE 
LIESERMAN M 
U S 3.697.442. C 10/10/72. f 8/13/70: BET2 
LABORATORIES I N C  
1972 
ADDIT IVE:  A L K A L I h E  EARTH METAL: ALUh?INUM 
OXIDE:  *ENTIFOAl l l ING AGENT; BET2 LAEORATORIES 
INC;  CARRIER; CHEhllCAL: D R I L L I N G  FLUID:  
D R I L L I N G  (WELL) ;  EMULSZON; EkGLISM; FATTY 
ACID ; HYDROXIDE : L I  POPHI L I C :  MIXTURE; 
*MULTICOMPONENT hlIXTURE: ORGANIC; PARTICLE: 
PATENT; PHYSICAL PROPERTY; ROTARY DRILL ING:  
S I L I C A ;  *SURFACE ACTIVE AGENT: SURFACE 
PROPERTY; 'WATER BASE MUD; WETTABIL ITY:  ( P I  

C O 2 P O S I T I O ~ ~ S  FOR CONTROLLING FOAM I N  AQUEOUS 

171712 
CHEWICAL FOtKSNG OF WATER-BEARING EXPLOSIVES 
TOhlIC E A 
U S 3.711.345. C 1/16/73. F 8/18/70: OU POUT 
DE NEhaURS 6 CO 
1973 

GLENDING: BOqCHYDRIDE: COLLOIDAL DISPERSIOH: 
CCIMPGSITrON; DU FONT DE NEMOL'RS 8 CO: 
EhlULSICN: ENGLISH: -EXPLOSIVE: *FOAMING: 

GENERATOR; GEL; GEOLOGY: GUAR GUM; HEATING 
FUEL; M I X I N G ;  MIXTURE: NATURAL RESIN;  
NITRATE;  PATENT: * S E N S I T I Z E R ;  SLURRY: SODlUM 
BOROHYDRIDE: SUSPENSION; *THICKENER: WATER 
THICHENING: WATER TREATING; WELL COhlPL SERV + 
WORKOVER; ( P I  USA 

A DO 1 T I V E : AK*:ON I U hl N I T R A T  E ; E LAS T I NG : 

*FOAMING AGEXT; FUEL; FUEL O I L :  GAS 

USA 
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167847 
DEFOAKER CCMPOSITIONS CONTAINING ORGANIC 
PARTICLES 
LICHTMPN I A; UOODWARD F E 
u s 3.697.440. C 10/10/72. F 6/27/69; DIAhIDND 
SHALROCK cow 
1972 
A D D I T I V E ;  A!dIDE; 'ANTIFOAMING AGENT; 
CHEMICAL: CCMPOUND: *DEFOAMING; DEGASSING: 
DIAMOND SHbW?OCK CORP; D R I L L I N G  F L U I D ;  
C R I L L I N G  (WELL) :  ENGLISH; FOAM: HYDROCARBON 
COMPOUND; MIXTURE: MULTICOMPONENT MIXTURE; 
O I L  S O L U B I L I T Y ;  ORGANIC; *PARTICLE:  PATENT: 
PHYSICAL PROPERTY; PHYSICAL SEPARATION: 
*PDLYt.IER: ROTARY D R I L L I N G ;  S I L I C O N E :  *SOLID:  

USA 

166240 
REMOVING O I L  FROC WATER 
GR E R I T  1.291.649. C 10/4/72. F 2/20/70. PR 
US 3/6/69; TEXACO DEVELOPMENT CORP 
1972 
ADSORBENT; ADSORPTION; CLEANING: -COALESCING; 

ENGLISH; FLOATING: FOAM; *FOAMED PLASTIC;  
FOAMING; MIXTURE; * O I L  WASTE; PATENT: 
PETROLEUM; PHYSICAL SEPARATION; P L A S T I C :  
POLYPER: *REXOVAL: SORBENT; SORPTION; ' S P I L L :  
STYfiENE: SUPPLEMENTAL TECHNOLOGY: TEXACO 
DEVELOPhtENT CORP; YATER POLLUTION: ( P )  GREAT 
B R I T A I N  

COh?BUSTION; CONTLt4INATION: CRUDE 01,L; 

166023 
MICROSCOPIC BEHAVIOR OF FOAM I N  POROUS MEDIA 
hlAST R F 
47TH ANNU SPE OF AIME F A L L  MTG PREPRINT NO 
SPE-3997. 12 PP. 1972 
1972 
A D D I T I V E :  ANALYTICAL METHOD: BUBBLE; CHANGE; 
COMPOSITION: CONCENTRATION; DATA: DETERGENT; 
Df iAINAGE ; ENCL 1 SH ; EXPERIMENT : FLOODING 
(FORMATION):  F L U I D  FLOW: FOAM: *FOAM 

PLUGGING; *GAS FLOW: INCREASE: INSTRUhlENT: 
INTERFACE; * J A V I K  EFFECT; LABORATORY DATA; 
MICROSCOPE; MICROSCOPY: MIXTURE; MODEL: 
MULTIFHASE FLOW: OPTICAL INSTRUMENT; PHASE 
BEHAVIOR; PHYSICAL PROPERTY; PLUGGING; POROUS 
MEDIA;  RECOVERY; RESERVOIR ENG + REC METHOD; 
*RESERVOIR F L U I D  FLOW: S T A B I L I T Y :  SURFACE 
ACTIVE AGEKT: TESTING; WELL PLUGGING 

FLOODING; FOAMING; FOAMING AGENT: *FORtdATION 

165985 
FACTORS AFFECTING FOAM CIRCULATION I N  O I L  
WELLS 
BEYER A H; HASKIN c A ;  hlILLHONE R s 
47TH ANNU SPE OF A I U E  F A L L  MTG PREPRINT NO 
SPE-4,OOl. 12 PP. 1972 
1972 
A D D I T I V E ;  A R T I F I C I A L  L I F T ;  CARRYING CAPACITY; 
CIRCULATING: CIRCULATING SYSTEM: CLEANING; 

REMOVAL ; DESIGN C R I T E R I A  : D I G 1  TA L COMPUTER: 
D R I L L I N G  (WELL) :  ENGLISH: FLOW PROPERTY: 

COMPUTER: CC&lPUTER PROGRAMING: *CUTTINGS 
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F L U I D  FLCW: FO&:.l: *FOAM D R I L L I N G :  *FOAM 
L I F T I N G ;  F C A I I N G ;  FOAMING AGENT: I N J E C T I b N  
PRESSURE: PATHEMATICAL ANALYSIS:  
*MATHEMATICAL MODEL; MATHEMATICS; MIXTURE: 
h!ODEL: PARAMETER: PHYSICAL PROPERTY; 

SURFACE PCTIVE AGENT: SYSTEM (ASSEMBLAGE); 
*WELL CLEAhOUT; WELL COMPL SERV + WORKOVER: 
WELL COMPLETION: WELL PRESSURE: WELL YORKOVER 

PRESSURE : PkCGRPL!ING: REMOVAL : SPEC I FICATION:  

ACCESSXON NUMBER 1 6 5 9 8 4  
T I T L E  FLOk BEHAVIOk OF FOAM AS A WELL CIRCULATING 

AUTHORS BEYER A H: FCOTE R W :  MILLHONE R S 
SWRCE 4 7 T H  ANNU SPE OF AIhtE F A L L  MTG PREPRINT NO 

ENTRY YEAR 1 9 7 2  - 
INDEX TERMS A D D I T I V E ;  A R T I F I C I A L  L I F T ;  CIRCULATING: 

*CIRCULATING SYSTEM: CLEANING: D R I L L I N G  
(WELL) ;  ENGLISH: EOUATION: * F I E L D  TESTING: 
FLOODING (FO%lATICN):  F L U I D  FLOW: ‘ F L U I D  FLOW 

*FOAh; L I F T I K G ;  FOAMING: FOAMING AGENT: 
LABORATORY SCALE : MATHEMAT I CA L MODEL : 
MATHEhlATICS : MIXTURE : YODEL: h W L T I  PHASE FLOU; 

*STEADY STATE FLOW; SURFACE ACTIVE AGENT: 
SYSTEhl ( ASSEYaLACE) : TESTING; VERTICAL PLOY: 
Y E L L  CLELNOUT; WELL COlEPL SERV + WORKOVER: 
WELL WORKOVE? 

F L U I D  

S P E - 3 9 8 6 .  1 2  PP. 1972 

EQUATION: FOAM: FOAY D R I L L I N G :  FOAM FLOODING: 

RECOVERY: RE!ilOVAL: RHEOLOGY: SAND REMOVAL; 
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165983 
APPARATUS FOR FORMING FOAM FOR USE I N  WELLS 
CAMPBELL A E 

RESEARCH CO 
1972 
A D D I T I V E ;  A R T I F I C I A L  L I F T :  CHEMICAL 
INJECTION;  CHEVRON RESEARCH CO: CIRCULATING; 
*CIRCULAT I N G  SYSTEM: COhlPOSITION: D R I L L I N G  
(WELL);  ENGLISH: FLOODING (FORMATION); F L U I D  
FLOW; *FOAhl; fOPM D R I L L I N G :  FOAM FLOODING; 
FOAM L I F T I N G :  ‘FOAMING: .FOAMING AGENT: 
GENERATOR; INJECTION:  MIXER; I I X I N G :  MIXTURE: 
PATENT: PHYSICAL PROPERTY: RECOVERY; 
SOLUTION; S T A B l L I T Y :  SYSTEM (ASSEMBLAGE): 
*TURBULENT FLOW: WELL COMPL SERV + WORKOVER: 
WELL STIMULATION; ( P I  USA 

u s 3 . 6 8 5 . e o 7 .  c 8/22/72, F 12/3/69: CHEVRON 

ACCESSION NUMBER 161366 
T I T L E  EXPLOSIVE-PROOF METHOD AND INCINERATOR FOR 

BURNING O R I L L  CUTTINGS 
AUTHORS G R I F F I N  P 11:: P H I L L I P S  w c 
SOURCE U S 3.658.015. C 4/25/72. F 4/15/70: DRESSER 

INDUSTRIES INC 
ENTRY YEAR 1 9 7 2  
INDEX TERMS CHEMICAL; CC%:OUST 1’od: kOf4POCND; 

CONTAWINATION; CRUDE O I L :  *CUTTINGS (ROCK); 
OISPOSAL: DRESSER INDUSTRIES INC:  D R I L L I N G  
F L U I D :  D R I L L I N G  ( W E L L ) :  EMULSION MUD: 
ENGLISH: EXPLOSION:. *FIRE HAZARD: HAZARD; 

\‘ HVDRCCAR60K CCKPOUND: OFFSHORE D R I L L I N G :  ‘ O I L  
EASE AiUD: PATENT: PETROLEUM: PREVENTION: 
REhlOVAL: ROCK SAKPLE: ROTARY D R I L L I N G ;  SAFETY 
EOUIPYENT: SA’dPLE; SUBSURFACE: UNDERWATER: 
*WASTE DISPOSAL;  .WATER POLLUTION; ( P I  USA 
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161201 
DENSITY OF ADSORBED WATER AT P L A S T I C  L I M I T  
DOHENY E J: FUtdGAROLI L A 
J S O I L  MECH FOUND D I V  AhlER SOC C I V I L  ENG PROC 
V 98. NO SK5. PP 523-529. MAY 1972 
1972 
ACCURACY; *ADSORPTION: BLOCK D I A G R A I ;  
C A P I L L A R I T Y ;  CAPILLARY PHENOMEhON; CHART; 
CLAY K I N E R I L :  COKPARI S O N :  COMPOS1 TION: DATA: 
*DENSITY:  DElERL!INING; DIAGRAM, D R I L L I N G  
F L U I D ;  D R I L L I N G  ( W E L L )  : ENGLISH: EOUATION; 
EXPERIMENTAL DATA: ' F L U I D  PROPERTY: GRAPH; 
LABORATORY TESTIkG;  MATHEMATICS; MECHANICAL 
PROPERTY: MINERAL;  MOISTURE; 
*MONThlORILLONITE: MUD PROPERTY: PHYSICAL 
PROPERTY; P L A S T I C I T Y ;  PRESSURE; S I L I C A T E  
MINERAL; S O I L  (EARTH);  SORPTION; SURFACE 
PROPERTY; TEMPERATURE; TESTING; WATER; UATER 
BASE W D :  *WATER CONTENT 

160833 
STABLE FOAM USED AS A CIRCULATING MEDIA I N  
WELLNORK PROCESSES 
POOL F M 
1 9 T H  ANNU SW PETROL SHORT COURSE ASS MTG PROC 
PP 25-30. 1972 
1972 
ADDITIVE:  A R T I F I C I A L  L I F T :  *CIRCULATING;  
CLEANING; CONTROL: CORING; COST; D R I L L I N G  
(WELL) :  ECONOMIC FACTOR: ENGLISH; F I S H I N G  
(WELL) ;  FOAM: FOAM D R I L L I N G :  *FOAM L I F T I N G ;  

GEOLOGIC STfiUCTURE: HIGH PRESSURE; MIXTURE: 
OFFSHORE k E L L :  PERFORUANCE; PHYSICAL 
PROPERTY: PCPOSITY; PORCSITY (ROCK): 
PRESSURE: Pi?OGUCTIVITY INDEX: REhlOVAL; 
RESERVOIR: SAFETY; SAND CONTROL: .SAND 

T H I E F  FORh7ATION: YELL;  'VELL CLEANOUT; WELL 
CCMPL SERV + WORKOVER; WELL COMPLETION: WELL 
PERFORMANCE; WELL SERVICING;  WELL WORKOVER: 
*WORKOVER F L U I D  

FOAMING; FOALlING AGENT; FORMATION DAMAGE: 

REirlOVAL; S T A J I L I T Y ;  S T A B I L I Z E R  ( A D D I T I V E ) ;  

160795 
PRE-FGRUED STABLE FOAM: THE NEW APPROACH TO 
B I G  HOLE D R I L L I N G  AND SLIM-HOLE HIGH-PRESSURE 
CLEANOUTS 
ANDERSON G W ;  HUTCHISON s 0 
19TH ANNU SW PETROL SHORT COURSE ASS MTG PROC 
PP 9-18.  1972 
1972 
A D D I T I V E ;  A R T I F I C I A L  L I F T ;  BLOWOUT (WELL) :  
CHART: CLEANISG; CLIMATE; CONTAMINATION: 
COST: DATA: * D R I L L I N G  COST; * D R I L L I N G  FLUID;  
D R I L L I N G  RATE; D R I L L I N G  (WELL) :  ECONOMIC 
FACTOR: ENGLISH; *FOAM: *FOAM D R I L L I N G ;  FOAM 

(GEOLOGY); GRAPH: LARGE HOLE D R I L L I N G :  LOW 
PRESSURE; LUBRICATOR ( W E L L ) :  METEOROLOGICAL 
PHENG::ENON; MIXTURE; PERFORMANCE; PERMAFROST; 
PHYSICAL PROPERTY: PRESSURE; PRODUCTIVITY 
INDEX; RATE; SAFETY; SEAL; S T A B I L I T Y ;  
S T A B I L I Z E R  ( A D D I T I V E ) :  STANDARD O I L  CO 
CALIFORNIA:  TABLE (DATA) ;  WATER POLLUTION; 
WELL CLEAKOUT: WELL COMPLETION; +WELL 
COMPLETION F L U I D ;  WELL PERFORMANCE: WELL 
SERVICING; WELL WORKOVER; WORKOVER F L U I D  

L I F T I N G :  FOR%lATION DAMAGE; FORMATION 
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160625 
PROCESS FOR M A I N T A I N I N G  THER#AL CONDUCTIVITY 
OF INSULATICK I N  PERhlAFROST COMPLETION 
BLOUriT E M 
u s 3.642.065. C 2/15/72. F 7/23/70: M O B I L  
O I L  CORP 
1972 
A D D I T I V E :  *ANNULUS; ARCTIC AREA: CASING 
SETTIKG;  CLIMATE:  ENGLISH: FOAM; F O A I I N G :  

I N S U L A T I N G  h:dTERIAL: METEOROLOGICAL 
PHEN0h:ENON; h l l  XTURE : MOB1 L 01 L CORP ; PATENT: 
*PER%?AFROST: PHYSICAL PROPERTY: SEAL: 

INSULATION;  THERXAL PROPERTY: THERMODYNAMIC 
S I T U :  *INCGEFETEET BED; INJECTION:  LOSS: 

P L A S T I C ;  PLUGGING: POLYh'ER: POLYWERIZATION: 
RESERVOIR: SASD CCNSOLIGATION; SAND CONTROL; 
SETT1t.G TI%!€: SLOUGHING SMALE: * T H I E F  

FOAUIKG AGENT ; 'GAS I N J E C T I O N :  INJECTION;  

SEALING: *THERMAL CONDUCTIVITY; 'THERMAL 

* LOST C I RCU LA T I C h  : fd I X I NG : h1 I XTURE : PATENT : 

FOR!JbTION; TI:JE: K E L L  PLUGGING: ( P )  USA 

158896 
S T A B I L I Z A T I O N  OF HARD SHALY FORMATIONS WITH 
A L K A L I  %?€TAL S I L I C A T E  
DARLEY )I C H 
U S 3.610.343. C 2/8/72. F 5/20/70: SHELL O I L  
CC 
1972 
A D D i T l V E :  ACHESIVE; A L K A L I  METAL; BOND 
STRE?iGTH; CONTRCL; D R I L L I N G  F L U I D ;  D R I L L I N G  
P R 0 B L E M ; ~ O R I L L I N G  (WELL) :  ENGLISH; HOLE 
CAVIfJG: *HOLE S T P D I L I Z A T I O N ;  INCOMPETENT BED: 
MECHANICAL PRDPERTY: MECHANICAL STRENGTH: 
PATENT: PHYSICAL PROPERTY; ROTARY DRILLING; 
*SHALE CONTROL: S H E L L - O I L  CO; S I L I C A T E :  
*SLOUCHING SHALE: S T A 3 I L I T Y :  S T A B I L I Z A T I O N ;  
* S T A B I L I Z E R  ( A D D l T I V E ) ;  *WATER BASE IUD; ( P )  
USA 

158573 
L I F T I % S  FOEhfISG CRUDE BY A VARIABLE RPM 

DRAKE E L; VINCENT R P 
CAN 893.526. C 2/22/72. f 2/27/70. PR U S  
4/17/69; AMOCO CANADA PETROLEUM CO SEE R E L  
PAT A B S T R l l 4 4 . 6 5 2  
1972 
AhtOCO CANADA PETROLEUM CO; BORG WARNER CORP; 
ENGLISH; PATENT: ( P )  CANADA 

SUBPERS I BLE PUMP 

150510 
THE EFFECT OF M I h E R A L  O I L  ON THE SURFACE 
PROPERTIES OF BINARY SURFACTANT SYSTEMS 
CODOARO E D: P R I h C E N  H M 
J C O L L O I D  INTERFACE S C I  V 38. NO 2. PP 
523.534, F E B  1972 
1972 
A D D I T I V E :  ALCOHOL: CHEMICAL: COMPOUND: CRUDE 
OIL,: W D E C Y L  ALCOHOL; ELUTION; ENGLISH; 
EXTRACT; F I L M ;  FOAM: FOAMING: *FOAMING AGENT; 
MIXTURE; PETROLEUhl: PHYSICAL PROPERTY: 
PHYSICAL SEFARATION: RESERVOIR ENG + REC 
METHOD; SODIUM DODECYL SULFATE: S T A B I L I T Y :  
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156949 
WELL-CE!<EST!t;G KETHCC USIlr iG A SPACER 
COCFCSIT 13:. 
PARKER F N 
U s 3 . 6 2 5 . 2 8 6 .  C 12/7/71, F 6/1/70: ATLANTIC 
R I C H F I E L D  CO 
1 9 7 2  
ACID:  ATLA!.TIC R I C H F I E L D  CO; BORATE: CASING 
SETT I h G ;  Ct... iNT : *CEMENT SLURRY ; *CEh?ENTING: 
C E U E h i I N G  EGUIFIt!ENT; CHEIJICAL: COMPOUND; 
D R I L L I N G  F L U I D :  E?.!ULSION; ENGLISH; HALIDE:  
HYCRCXIDE; M1XTURE; * O I L  BASE MUD; CRGANXC 
ACID:  PLTEXT; -SEPARATOR ( P L U G ) :  SULFATE; 
'WATER I N  O I L  Ef4ULSION: WELL COMPL SERV + 
WORKOVER; WELL COMPLETION F L U I D ;  ( P J  USA 

1 5 6 9 2 9  
CHiiRTS HELP F i N D  VOLUME. PRESSURE NEEDED FOR 
FOOfrl DR!LLING 
KRUG J A ;  MITCHELL 8 J 
O I L  GAS J V 70. NO 6. PP 61-64. 2 / 7 / 7 2  
1 9 7 2  
ACDIT.VE;  L C ' T I F I C I A L  L I F T ;  CHART: -CUTTINGS 
REI.:OV.iL: CI(FERE:.TIAL EOUATION: DR1 L L I N G  
F L U 1 3  DR:LLISG PfiOBLEIC: D R I L L I N G  RATE; 
DRILL,NG ( N L L L ) :  ENGLISH: EQUATION: F L U I D ;  

CAVING; I?.CO:;iPETENT BED: MATHEhlATICAL 
A N A L Y S I S ;  FATt IEhILTICAL CODEL: MATHEMATICS: 
hl1 XTUGE : MSOE L : PiEWTONI AN F L U  I D ;  NONNEWTONI AN 
FLUIT); NUf.!ERICI\L ANALYSIS;  PHYSICAL PROPERTY: 
PRESSURE; K A T E :  REMOVAL; *SLOUGHING SHALE; 
S T A B I L I T Y ;  SL'GSURFACE PRESSURE; K E L L  
PRESSURE; %ELL SERVICING; WELL WORKOVER; 
WORKOVER F L U I D  

F L U I D  FLOW: FOAf.1: 'FOALI: D R I L L I N G :  *FOAM 
L I F T I P i G ;  FCA1ING; FOAMING AGENT: GRAPH; HOLE 

15679 1 
WATER C L A R I F I E R  A K D  SEPARATOR 
k'ITERk!AN L C 
U S 3.623.608. C 11/30/71. F 2/20/70. PR US 
10/3 1 /68 
1972 
*CRUCE DESALTING: DRYING: ENGLISH; FLOATING: 

EOUIPMENT; 'hECHINICAL DEHYDRATION: O I L  
PRODUCING; O I L  TREATING ( F I E L D ) :  ' O I L  WATER 
SEPARATION: ' O I L  WATER SEPARATOR: PATENT: 
PHYSICAL SEPARATION; PRODUCING; PRODUCING O I L  
+ GAS; SEPARATION EQUIPMENT; WASTE MATERIAL: 
METHOD; ROCK; SdkDSTONE: SEDIUENTARY ROCK: 
*SEPARATION EOUIPPENT: *TAR SAND: *TAR SAhD 
O I L ;  'TAR SAND O I L  RECOVERY: VISCOUS O I L  
RECOVERY; WATER; ( P I  CANADA 

FOAUING: GAS I N J E C T I C N ;  I N J E C T I O N ;  LEASE 

1 5 6 4 7 7  
METHCD OF GAS C R I L L I N G  
UUCKLEROY J A 
CAN 8 9 0 , 8 2 2 .  C 1 / 1 8 / 7 2 ,  f 8/1/58, PR U s  
5/8/58; AMOCO CAtiADA PETROLEUM CO 
1972 
A D D I T I V E :  AhtC'CO CANdDA PEfROLEUhl CO: 

CIRCULATING; 'CUTTINGS REMOVAL: D R I L L I N G  
RATE: ORXLLINC ( W E L L ) :  ENGLISH; *FOAM 

A R T I F I C I 4 L L I F T ; CH E L1 I C A L I NJ EC T I ON ; 

LJ 

152 

http://Ct...iNT


G' 

c 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 
ENTRY YEAR 
INDEX TERMS 

3 

DR I LL ING ; F O l M  L I FT ING : FOAUING : FOAM1 NG 
AGENT: GAS D R I L L I N G :  IUPROVEMENT: INJECTION;  
M1XIhG;  PATENT: RATE: REMOVAL: *WATER ENTRY: 
( P )  CANADA 

156365 
RECOVERY OF BITUMEN FROM TAR SAND 
CLARK L 
CAN 889.284. C 12/28/71, F 1/22/68: C I T I E S  
SERV ATHASASCA I k C .  A T L A N T I C  R I C H F I E L D  CO. 

1972 
AERATION; ATLANTIC R I C H F I E L D  CO: +BITUMINOUS 
DEPOSIT: BITUMINOUS SANDSTONE: C I T I E S  SERV 
ATHABASCA I N C ;  CRUDE O I L ;  DEASPHALTING: 
DEPOSIT (GEOLOGY): ENGLISH: FOAM: FOAMING; 
I M P E R I A L  O I L  LTD;  M I X I N G :  MIXTURE: O I L  
RECOVERY; PATENT: PETROLEUM;-PHYSICAL 
SEPARATION: RECOVERY: REMOVAL: RESERVOIR ENG 
+ REC METHOD: ROCK: ROYALITE O I L  CO LTD: 

SAND: *TAR SAND O I L :  +TAR SAhD O I L  RECOVERY: 
( P )  CANADA 

I M P E R I A L  O I L  

SANDSTONE: SEDItdENTARY ROCK: SOLID; *TAR 

155731 
METHOD FOR W I L L I N G  I N  PERMAFROST 
SONE L; ELLARD J D 
U S 3.618.680. C 11/9/71, F 5/15/70: ATLANTIC 
R I C H F I E L D  CO > 972 
A D D I T I V E ;  *ARCTIC D R I L L I N G :  ASBESTOS; 
A T L A N T I C  R I C H F I E L D  CO: CLIMAfE;,CONTROL: 
* D R I L L I N G  F L U I D :  D R I L L I N G  (WELL) : *EMULSION 
MUD: ENGLISH: FERROMAGNESIAN MINERAL: 
ENGLISH: EXPANSION: F I L T R A T E :  F L U I D  FLOW: 
F L U I D  LOSS: F L U I D  PROPERTY: FOkhlATION DAMAGE: 
G t S  FLOW: GAS RESERVOIR: GAS WELL; 'GAS WELL 
CAPXLE:TY: GEOLOC!C STRUCTURE: - INVADED ZONE: 
INVERTED Ek!:ULSIO:.; MUD: MUD F I L T R A T E ;  MUD 
PRCSkCIA: MUD PROPERTY: PERFCRWNCE: 
PERhlEABI L I  TY; PERhlEA8I L I  TY I ROCK ) : PHASE 
BEHAVIOR; PHASE DIAGRAM: PHYSICAL PROPERTY: 
PROOUCING CAPACITY: PRODUCTIVITY:  PROGRAM: 
R E L A T I V E  PERKEABIL ITY;  RESERVOIR; RESERVOIR 
F L U I D  FLOW: fiOCK PROPERTY: WATER BASE MUD: 
*WATER BLOCK: WELL: *WELL PERFORMANCE 

152479 

CHRISTENSEN R. J: CONNON R K; MILLHONE R S 
OILWEEK V 22. NO 31. PP 30. 32-35. 67. 9/20/71 
1971 
A D D I T I V E ;  A R T I F I C I A L  L I F T :  CANADA; CHEVRON 
STANDARD LTD; CLIMATE: DENSITY;  DISPOSAL: 
* D R I L L I N G  F L U I D ;  D R I L L I N G  PROBLEM: D R I L L I N G  
(WELL) :  ENGLISH; F L U I D  FLOW: FLUID PROPERTY: 
F L U I D  VELOCITY; FOAM: 'FOAM G R I L L I N G ;  *FOAM 

DAMAGE; HOLE CAVING; HUSKY Cm. t'&Ubd?& t fD:  
*LOW PRESSURE; hlETEOROLOGICAL PHENOhlENON; 
MIXTURE: HEWS: PERFOfiUANCE; PERMAFROST: 
PHYSICAL PROPERTY: PCESSURE: RESERVOIR 
PRESSURE; S T A B I L I T Y :  SURFACE A C T I V E  AGENT; 
VELOCITY; WASTE DISPOSAL: U E L L  WORKOVER 

A P P L I C A T I O h S  OF STABLE FOAhl I N  CANADA 

L I F T I N G ;  FOAMING; FOAMING AGENT: *FORMATION 
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152373 

K I R K  W L 
4 6 T H  ANNU SPE OF AIME F A L L  MTG PREPRINT NO 
SPE-3510.  12 PP. 1971 
1971 
A N T I C L I N E :  B A S I N :  B I T  PERFORMANCE: B I T  TYPE; 

DE E P L I  1 S S I SS 1 F P I DR I L L I NG PR AC T I C ES 

B I T  ( F O C K ) ;  BLOWOUT PREVENTER; CASING 
SETTIhG;  *CASISG STRING DESIGN: CENENT: 
'CEhlENTING; CONTROL EOUIPMENT: CORROSION: 
*DEEP D R I L L I N G :  DEEP WELL; DESIGN; DIAkiOND 

D R I L L I N G  F L U I D :  G R I L L I N G  PROGRAM: D R I L L I N G  
(WELL) :  EARTH AGE: ENGINEERING: ENGLISH; FOLD 
(GEOLCGY 1:  GAS KELL:  GEOLOGIC STRUCTURE; 
GEOLOGY: HIGH PRESSURE: HYDROGEN SULFIDE 

U I S S I S S I P P I  SALT BASIN:  *MUD PROGRAM: NATURAL 
GAS; O I L  BASE MUD: PERFORMANCE: PETROLEUM: 
PRESSURE: PRESSURE CONTROLLER; PROGRAM: 

BIT; DOME; DRILL STEM: D R I L L I N G  EOUIPMENT: 

CORROSION: JURASSIC:  MESOZOIC: M I S S I S S I P P I :  

151335 
ST&BLE FOA!.! C IRCULATICK CUTS SURFACE HOLE 
COSTS 
ANDERSON G W 
UORLD O I L  V 173. NO 4. PP 39-42.  SEPT 1971 
1971 

CANLCL; CASE HISTORY: CASING ( W E L L ) ;  
CAVITATION:  CHLRT: CLI!*lATE: COST; DATA: 
wDRILLIP:G CSST: DRILLI?.;'i F L U I D ;  ' D R I L L I N G  
RATE; D R I L L I N G  ( W E L L ) :  EAGLE P L A I N  AREA; 

D R I L L I N G :  F L U I D  FLOW: FOAM: *FOAM D R I L L I N G :  
'FOAL! L I F T I G ;  FOAMING AGENT; GRAPH: 
t4ETECKOLOGICAL PHESOMEhCN; MIXTURE: NEWS: 
PER::AFROST; R I T E :  SHALLOW WELL: STANDARD O I L  
CO C A L I F O 2 h I A :  SURFACE CASING: TAaLE (DATA);  
TUGULAR GOODS; K E L L :  YUKON 

ADDITIVE; -ARCTIC DRILLING: ARTIFICIAL LIFT: 

ECOhO!4IC FACTOR; ENGLISH: EXPLORATORY 

151376 
NEAR-GAUGE EOLES THRCUGH PERMAFROST 
ANDERSON C U 
O I L  GAS J V 63.  hO 38. FP 128. 130. 132. 134. 
136. 139. 141-142. 9/20/71 
1971 
'ARCTIC D R I L L I N G ;  B I T  DIAMETER: B I T  TYPE: 
* B I T  YEAR; B I T  (ROCK): CANADA: CASING 
SETTIhG;  CASING ( W E L L ) :  COMPARISON: COST; 
DIAI.:ETER: ' C R I  L L I K G  COST: D R I L L I N G  EOUIPMENT: 
D R I L L I N G  F L U I 3 :  * D R I L L I N G  RATE: D R I L L I N G  
( h E L L ) :  ECOXCLiIC FACTOR; ENGLISH: FOAM; .FOAM 
D R I L L I N G ;  HOLE DIAXETER (WELL) ;  MIXTURE: 
NEWS: PHYSICAL PROPERTY; RATE: S T A B I L I T Y :  
S T A B I L I Z A T I O N ;  STANDARD O I L  CO CALIFORNIA;  
SURFACE CASING; TUBULAR GOODS: WATER BASE 
MUD: WEAR: YUKON 

151210 
APPARATUS FOR MAKING PREFORMEO FOAM FOR USE 
I N  WELLS 
HUTCHISON S 0 
U S 3.593.800. C 7/20/71. F 8/25/69: CHEVRON 

1971 
A D D I T I V E :  A R T I F I C I A L  L I F T ;  CHEVRON RESEARCH 
CO: CIRCULATING: CLEANING; ENGLISH: FOAM: 

RESEARCH -CO 

f 
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FOAM L I F T I K G :  FOAMING; *FOAMING AGENT; 
GENERATOR: MIXTURE; PATENT; *WELL CLEANOUT: 
WELL COMPL SERV + WORKOVER: WELL COUPLETION; 
WELL COMPLETION F L U I D :  WELL WORKOVER; 
*WORKOVER F L U I D ;  ( P )  USA 

151 168 
WELL D R I L L I N S  METHOD U S I N G  DECANOL I N  PLACE 
CF O I L  I N  AGUEOUS D R I L L I N G  F L U I D S  
ESTES J C: PARK A 
U S 3 . 5 9 4 . 3 1 7 .  C 7/20/71. F 11/12/69: PAN 
AhlERICAN PETR CORP 
1 9 7 1  
A D D I T I V E ;  ALCOYOL: CHEMICAL; CLAY KUD: 
CO$!POSITION; COMPOUND:- DECYL ALCOHOL: 

FLOM PROPERTY: F L U I D  PFOPERTY: FRICTION: 'MU0 
A D C I T I V E ;  'fJJ3 COGPOSITION; hlUD PROPERTY; MUD 
VISCOSITY;  O I L  BASE MUC; PAN AItERICAN PETR 
CCRP: PATEIUT; PHYSICAL PROPERTY; P I P E  
S T I C K I N G ;  ROTARY D R I L L I N G ;  S K I N  FRICTION;  
V ISCOSITY;  *WATER BASE hWD: ( P )  USA 

D R I L L I N G  F L U I D :  DR1LLIP.G ( H E L L ) :  ENGLISH: 

1 5 0 9 5 0  

GR B R I T  1 . 2 4 8 . 3 5 8 .  C 9 / 2 9 / 7 1 .  F 4 / 7 / 7 0 .  PR US 
4/7/69; CHEVRON RESEARCH CO SEE REL PAT A S T R  
# 144.600 
1 9 7 1  
CHEVRCN RESEPRCH CO; Et iGLISH:  PATENT; ( P )  
GREPT E R I T A I N  

FOAUIKG AGENT CO!iCENTRATE 

1 5 0 6 4 8  
TEST DATA F I L L  THEORY GAP ON USING FOAM AS A 
D R I L L I N G  F L U I D  
MITCHELL E J 
O I L  GAS J V 69. hi0 36. PP 66-100. 9 / 6 / 7 1  
1971 

FLOW: CHART: C U T 1  INSS REMOVAL: DATA: 
* D R I L L I N G  F L U I D ;  D R I L L I N G  (WELL) ;  ECONOMIC 
FACTOR; EhGLISH:  EXPERIRENTAL DATA: F I L M ;  

GRILL!NG; F G X  L I F T I N G :  F O I X I N G  AGENT; GRAPH: 
*HYORCCYNA%IC fHEC2Y; IYTERFACE; LCEINAR 
F LCh : MATH E h!A T 1 C C L A N I  L Y S I S : :;A? HE%S T 1 CS ; 

OUALITY:  REhaVCL: RHEOLOGY; S T A T I S T I C A L  
ANALYSIS:  'SUCCESS RATIO:  SURFACE ACTIVE 
AGENT: TABLE ( G A T E ) :  THEORY; T H I N  F I L M ;  
V ISCOSITY 
BEH4V10R: PHYSICAL PROPERTY: *POROUS MEDIA: 
PRESEGRE GRPDIENT; RECOVERY: *RELATIVE 
PER*<E:BILITY; RESERVO!R ENG + REC METHOD; 
*RESERVOIR F L U I D  FLOW; S T A e I L I Z A T I O N ;  
S T A S I i r Z E R  ( A D D I T I V E ) :  STEADY STATE FLOW; 
SURFACE; *SURFPCE A C T I V E  AGENT: SURFACE 
PROPERTY: SURFACE TENSION; THESIS:  UNSTEADY 
STATE FLOW 

ADDITIVE; ARTIFICIAL LIFT; BueeLE;  euBBLE 

FLOd PROPERTY; F L U I D  FLCU; -FOAM; 'FOAM 

!Z.IXTSRE: PER'CA1ANCE: PHYSICAL PROPERTY: 

155 



ACCESSION NUMBER 
T I T L E  

AUThORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

SOURCE 

ENTRY YEAR 
INDEX TERMS 

AUTHORS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

150002 

ARE& 
G I I R A V l N l  0: R A D E h T I  G; SALA A 
O I L  GAS J V 6 9 ,  NO 33. P P  82-84.  89-90. 
8/16/71 
1 9 7 1  
A D D I T I V E ;  CCCPARISON; COMPOSITION; CORROSION; 
COST; D R I L L  P I P E  CORROSION; D R I L L I k G  F L U I D ;  
D R I L L I N G  FRCOLEM: ' D R I L L I N G  RATE: D R i L L I h G  

FCA3 A:DS 0R:LLIt.G I N  I R A N ' S  ZAGROS MOUNTAIN 

( W E L L ) ;  ECG%OMIC FACTOR; ENGLISH: FOAM: 'FOAM 
D R I L L I N G ;  FOA!blING: FOAXING AGENT; HAZARD; 
*HOLE CAVIhG;  'HOLE S l A 8 1  L I Z A T I O N ;  HVDRDGEN 
SULFIDE;  IRAN;  LOSS: *LOST CIRCULATION;  
MIXTURE; NE'dS; PERSONNEL: RATE: 
S T A B I L I Z A T I C N :  SULFIDE:  ZAGROS I T  

149795 
G A S - L I Q U I D  SCRUBBING TOWER 
HARDISON L C 
U S 3.585.786. C 6/22/71. F 8/12/68: 
UNIVEGSAL O I L  PRODUCTS CO 
1971 
&BSORCER:'AESO8PT!ON: ABSORPTION PROCESS; 
CLEA:iING: COLUKN: ENGLISH; F L U I D :  FOAMING; 
'GAS DEHYDRATION; *GAS PROCESSING: 
I N H I B I T I O N :  LIOUID: *MASS TRANSFER: PATENT; 
PHYSICAL SEPARATION; *PRODUCING EQUIPMENT: 
PRODUCING O I L  + GAS; *PURIFYING:  REhlOVAL: 
SEPARATION EOUIPMENT: SOLID:  SORPTION; 
SORPTION PROCESS; UNIVERSAL O I L  PRODUCTS CO; 
( P )  USA 

FCACTURED RESERVOIR; GEOLOGIC STRUCTURE: 
INTERPRETATION; * I N V A D E D  ZONE: MUD A D D I T I V E ;  
MUD F I L T R A T E ;  NEUTRON CAPTURE: *NEUTRON 
LOGG!hG: NUCLEAR LOGGIkG: NUCLEAR REACTION; 
P E R E E A B I L I T Y ;  *PERh!EASILfTY (ROCK); PHYSICAL 
PROPERTY: POi?OSITY; POROSITY (ROCK); 
PRODUCING CAPACITY:  RESERVOIR; RESERVOIR 
CHARACTERISTIC: RESERVOIR F L U I D ;  ROCK 
PROPERTY; SALT CONTENT; SALT WATER RWD: 
SATURATICN; SONIC LOGGING; VUGGY POROSITY: 
UfiTER BASE XUD; hATER SATURATION: *WELL LOG 
INTERPRETATICN: WELL LOGGING; WELL LOGGING + 
SURVEY1 h G  

FORhlATION DAMAGE: *FORMATION EVALUATION; 

1 4 5 9 1 9  
THE RHEOLOGY OF FOAM 
MARSDEN S S J R  
14TH ANNU ACS PETROL RES FUND REP RES P 92. 
1070 
1971 
ADD1 T I V E :  BUeBLE : COMPRESS181 L I T Y ;  ENGLISH: 
FLOOOING (FC2hlATICN);  FLOW PROPERTY; F L U I D :  
F L U I D  FLOW; ' F L U I D  PROPERTY; *FOAM; F O I Y  
FLOODING: FOAXING; F O A Z I h G  AGENT; GEL 
STRENGTH : hIATHEI.lAT I C A L  I N A L Y S  IS ; MITHEWAT I C s :  

FLOW; KONNEWTONICN F L U I D :  F A R T I C L E  S I Z E ;  
PHYSICAL PROPERTY: POROUS MEDIA;  RECOVERY: 
RESERVOIR ENG + REC METHOD; RESERVOIR FLUID 
FLOW; 'RHEOLOGY: S L I P  VELOCITY;  TUBE; TUBULAR 
GOODS: VELOCITY; V I S C O S I T Y  

MECHINICAL PROFERTY: MIXTURE; CULTIPHASE 

L 
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T I T L E  

1 4 5 9 1 0  
THE Pb;EOLOGY OF FOAM 
MPRSDEN S S J R  
1 3 T H  &NNU ACS PETROL RES FUND REP RES P 92. 
1969 
1 9 7 1  
BUBBLE: BUSItdESS OFERATION; COMPRESSIBILITY:  
D I  SIR I OUT I CN : EML'LSION : EfAULS I O N  FLOOD1 NG ; 
ENGLISH: EX?ERIEENT; FLOODING (FORMATION):  
FLOW FTi3PERTY: F L U I D :  F L U I D  FLOW: * F L U I D  
PROPERTY: 'FOAM; FOAM FLOODING: FOAMING: GEL 
STRENGTH: MATHEMATICAL ANALYSIS:  MATHEhlATiCS: 
hlECHANICAL PROPERTY: MIXTURE; NONNEWTONIAN 
F L U I D :  PARTICLE S I Z E :  PHYSICAL PROPERTY: 
POROUS !dEDIA: RECOVERY: RESEARCH: RESERVOSR 
ENG + REC METHOD: RESERVOIR F L U I D  FLOW; 
+F;hEOLOGY; S L I P  VELOCITY; S T A B I L I T Y :  TESTING: 
TUBE; TUBULAR GOODS: VELOCITY:  V ISCOSITY 

1 4 5 6 5 5  
USES OF A I R  6 GAS I N  RCfTARY D R I L L I N G  
PUGH J B 
CAN PETROL V 12. NO 4. PP 22-23. A P R I L  1971 
1 9 7 1  

A R T I F ! C I A L  L I F T :  B I T  L I F E :  BUSINESS 
OPERATION: CANADA: CPSING SETTING: CASING 
STR1t.t  DESIGN: CEIENTING:  CONTROL: CORROSION 
CONTROL: COGROSION I N H I E I T O R :  COST; DESIGN: 
*DR1 i L I N S  COST : D R I L L I k G  F L U I D :  D R I L L I N G  
PRCSLEM: C k I L L I N G  RCTE: D R I L L I N G  (WELL) :  
ECO?rCL?IC FLCTOR : EKGI KEER ING: ENGLISH : 
EVALUATION; ' F O A Y  L I F T I N G ;  FOAMING AGENT: 
FORDATION DAMAGE: F0fi:dATION EVALUATION: *GAS 
D R I L L I N G ;  I N H I B I T C R :  L I F E  SPAN: *MIST 
D R I L L I N G :  RATE; ROTARY D R I L L I N G :  USA: WELL 
COMPLETION COST 

ADD!TiVE: AERATED MUD: - A I 2  D R I L L I N G ;  

1 4 5 5 2 4  
ATTAPULGITE CLAYS FOR FUTURE INDUSTRIAL 

HAAS C Y 
CENfEPJ ANNU SVE OF A I X  MTG PREPRINT NO 
7 1 - H - 5 4 ,  14 PP.  1 9 7 1  
1971 
A D D I T I V E :  AREA: 'ATTAPULGITE; CLAY MINERAL: 

. MINERAL h:ARKETS 

*CLAY MUD: *COLLOIDAL DISPERSION;  
COMPOS1 T ION : CRY STALL I ZAT I O N  : D R I L L  1NG FLUID;  
D R I L L I N G  (WELL) :  ENGLISH: FLOW PROPERTY; 

SdLI!;ITY: MUD VISCOSITY:  PHASE BEHAVIOR; 
PHASE CHANGE; PHYSICAL PROPERTY: ROTARY 
D R I L L I N G :  SALT CONTENT: *SALT WATER MUD: 
S I L I C A T E  MINERAL: S O L I D I F I C A T I O N :  S T A B I L I T Y :  
SURFACE AREA; THICKENER: THIXOTROPY: 
V I S C O S I T Y :  WATER BASE UUD: WELL WORKOVER: 
*WORKOVER F L U I D  

G E L L I K G  AGENT: MINERAL:  MIXTURE: MUD 

1 4 4 3 4 0  
O I L  WELL D R I L L I N G  AND TREATING F L U I D S  
BETTY R J :  MARSH 8 E:  hlARSH F S 
CAN 868.817. C 4 / 2 0 / 7 1 .  F 6 / 2 0 / 6 8 .  PR US 
6/30/67: ARMOUR I N D U S T R I A L  CHEM CO 
1971 
A D D I T I V E :  &MINE; ARKOUR INDUSTRIAL CHEM CO: 
CHEMICAL: CHEMICAL REACTION; COhlPOUND: 
* D R I L L I N G  F L U I D :  D R I L L I N G  (WELL);  ENGLISH: 
*FRACTURING F L U I D :  G E L L I N G  AGENT: 
*HYDROCARBON COMPOUND: ISOCYANATE RESIN:  'O IL  
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ACCESSION NUMeER 
T I T L E  

AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

PCCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

144099 
EFFECT CF ORGANIC A D D I T I V E S  ON IMPREGNATED 
GI C:,:OriD OR I L L  I NG 
SCHULTZ C W: SELIh l  A A: STREBIG K C 
U S BUR MINES REP INVEST NO 7494. 35 PP. 
KARCH 1971 
1971 
A D D I T I V E :  B I T  COST; B I T  L I F E ;  ' B I T  
PERFOEMLNCE: B I T  NEAR: B I T  WEIGHT: B I T  
(ROCK]:  BUSINESS C?ERAT;ON; CHEMICAL; 

*DIAEOND B I T :  *DIAMOND D R I L L I N G :  D R I L L  STEM 
TOROUE; D R I L L I N G  COST; D R I L L I N G  F L U I D ;  
DRILL:NG RATE: * D R I L L I N G  RESEARCH: D R I L L I N G  
 ELL); ECONOMIC FACTCR: ENGLISH: ETHYLENE 
GLYCOL; EXPERIfJEhTAL CATA; FORCE; FRICTION:  
GLYCEROL; GLYCOL: I t iSTRUUENTAf ION: LABORATORY 
ECUIPMENT; LABORATORY SCALE; L I F E  SPAN; 
WETHEUA T I C A L ANA L Y S 1 S ; 
*MUD ADD1 T I V E  ; MUD C O W O S I  T ION:  ORGANIC: 

RESEARCH: ROTARY D R I L L I N G ;  ROTARY SPEED; 
STATLSTICAL ANALYSIS:  STRESS; SURFACE A C T I V E  
AGENT: TESTXkC; TOROUE: WATER; WATER BASE 
MLiD: WEAR; WEIGHT 

CCfJPAi?ISON TEST; CCXPOSITIGN; COST: D A T A :  

MA THEM AT I CS : h! I NE R A L  : 

OXIDE MINERAL;  PERFOR!JANCE: QUARTZ: RATE: 

144092 
USES OF A I R  8 GAS I N  ROTARY DR!LLING 
PUGH J E 
9TH ANNU OSTARIO PETRaL I N S T  I N C  CONF PROC 
PAPER N 3  10. 6 PP. I970 
1971 

B I T  L I F E ;  CLIh lATE:  CORROSION; COST: D R I L L  
P I P E  CORROSION: DRILLIkG COST; D R I L L I N G  
F L U I D :  D R I L L I N G  I N :  D R I L L I K G  PROGRAM: 
DRILL!NG RATE; D R I L L I B G  ( W E L L ) :  ECONOMIC 
FACTOR: ENGLISH; *FOP'.! D R I L L I N G :  FORMATION 
DA2AGE: *GAS D a I L L I N G ;  HYDROSTATIC PRESSURE; 
L I F E  SPAN: LOSS; LOST CIRCULATION;  
METEOROLOGICAL PHENOMENON: * M I S T  D R I L L I N G ;  
PERMAFROST; PERhlAFROST ZONE: PLUGGING: 
PRESSURE: PROGRAM: RATE; *ROTARY D R I L L I N G :  
WATER ENTRY: WATER SHUTOFF: WELL COMPLETION 
COST; WELL PLUGGING 

AEQATED MUO; - a I E  DRILLING; ARCTIC DRILLING: 

141975 
D R I L L I N G  F L U I D  A C D I T I V E S  
STRATTON c & 
u s 2.558.487.  C 1/26/71. F 12/31/63; 
P H I L L ! P S  PETfiOLEUh! CO 
1971 
A D D I T I V E ;  CO(2POSITION: D R I L L I N G  F L U I D :  
D R I L L I N G  ( W E L L ) :  ENGLISH; FLOW PROPERTY; 
F L U I D  PRCPERTY; hlUD A D D I T I V E :  hlUD 
CC!:PCSITIOh: YUD PROPERTY; MUD PUMPABIL ITY;  
*%'Uc THINNER: *KUD VXSCOSITY; NAPHTHOL; 
PCTEhT; PHENQL: P H I L L I P S  PETROLEUM co: 
PHYSICAL PROPERTY; PUMPABIL ITY:  OUIkONE; 
RHEOLOGY: SULFONATE: VJSCOSITY; *WATER BASE 
MUD: [ P )  UNITED STATES 

c 
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ACCESSION NUMBER 1 4 1 3 6 3  
T l T L E  VISCOSITY OF FOAM 
AUTHORS MITCHELL 8 J 
SOURCE OKLAHCh!A UR1V PHD THESIS.  155 PP. 1970 
ENTRY YEAR 1971 
INDEX TERMS A R T I F I C I A L  L I F T :  CHART; *CUTTINGS REIIIOVAL: 

D R I L L I N G  ( * E L L ) :  ENGLISH: FLOW PROPERTY: 
FOAV: *FOAL! D R I L L I N G ;  *FOAM L I F T I N G :  FOAhliNG: 
FORCE; hfIXTURE: PHYSICAL PROPERTY: REMOVAL: 
SHEER: STRESS: 'SURFACE A C T I V I T Y :  SURFACE 
PROPERTY: THESIS:  *V ISCOSITY 

ACCESSION NUMBER 1410S7 
T I T L E  RECOVERY O F  HEAVY METALS FROM BITUhl lNOUS SANDS 
AUTHORS BOU:.?AN C W 
SOURCE CAN 861.580. C 1/19/71. F 10/7/68. PR US 

12/27/67: C I T I E S  SERV ATHABASCA I N C .  I M P E R I A L  
O I L  LTD. 

ENTRY YEAR 1971 
INDEX TERMS ATLAKTIC R I C H F I E L D  CO: *BITUhl INOUS CEPOSIT: 

8 ITUUINOUS SANDSTONE; C I T I E S  SERV ATHABASCA 
I N C ;  DEPOSIT (GEOLOGY): ENGLISH: 'FLOTATICN: 
FOAM: FOAMING: GRAVITAT IONEL SEPARATION: 
'HEAVY MINERAL;  I M P E R I A L  O I L  LTD: h1ETAL; 
MINERAL: MIXTURE: PATEhT: PHYSICAL 

+ REC METHOD: ROCK: ROYALITE O I L  CO LTD: 

CANADA 

, SEPARATION: *RECOVERY: REMOVAL; RESERVOIR ENG 

SANDSTONE: SEDIfdENTARY ROCK: TAR SAND: ( P I  

ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 
ENTRY YEAR 
INDEX TERMS 

1 4 0 7 0 2  
SUFIFACE MUD SYSTEfS.  PT.  2.. UNWEIGHTED W D S  

B O B 0  R 
O I L  GLS J V 69. h O  5 .  PP 78-01.  84-87. 2/1/71 
1971 
A O G I  T 1VE : BENTON1 TE : CARBOXYPETHY L CELLULOSE: 
CENTRIFUGE; * C I R C U L A T I h G  EOU1P;:ENT: 
CIRCULATXNG SYSTEM: CLAY; COAL: COLLOIDAL 

DENSITY:  DEPOSIT (GEOLOGY): C R i L L I K G  F L U I D :  
D R I L L l N G  F L U I D  SYSTEM; D R I L L I N G  RATE: 
D R I L l f N G  ( Y E L L ) :  ENGLISH: F I L T E R  CAKE: FLCY 
PROPCKTY;  F L U I D  LOSS A D C I T I V E :  F L U I D  
PROFERTY; GAS SEPARATOR; GEL STRENGTH: 
L I G N I N :  L I G N I T E :  L:GNOSULFONATE; MIXTURE: 
*MUD A D 3 f T I V E :  EUC CENTRIFUGE: MUD 
COMPOSITION: MUD CYCLCNE: MUD DEGASSER: MUD 
DESAhCER: h!UD DESANDING: MUD P I T :  MUD 
PROPERTY: NUD SEPARATOR; *MUD SYSTEhl: *MUD 
TREATING: MUD VISCOSITY:  MUD WEIGHT: NATURAL 
GESIN:  PHOSPHATE; PHYSICAL PROPERTY: PHYSICAL 
SEPARATION: QUEBRACHO: RATE; ROTARY D R I L L I N G :  
SEPARATION EOU1PL;ENT: SHALE SHAKER: STARCH: 
STORAGE F A C I L I T Y :  STORAGE P I T :  SYSTEM 
(ASSEKBLAGE): V ISCOSITY:  *WATER BASE MUD: 
YATER CONTENT: WEIGHTING MATERI&L 

ADD!TIONS AND REMOVALS 

DISPERSION;  CCMPOSITION: CYCLCNE SEPARATOR: 

. 
ACCESSION NUMBER 140045 
T I T L E  FREFOFMED S T A S I L I Z E D  FOAM 
AUTHORS P I L L M A N  M 
SOURCE D R I L L  B I T  V 17. hi0 10. PP 12-13. 16-17.  JAN 

1971 
ENTRY YEAR 1971 
INDEX TERMS A D D I T I V E :  APFLICATION:  A R T I F I C I A L  L I F T ;  

CARRY!NG CAPACITY:  -CIRCULATING: CLEANING: 
c+s) 
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ACCESSION NUMBER 
T I T L E  
AUThORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTWORS 
SOURCE 

€MIRY YEAR 
INDEX TERMS 

C O 1 P A T I B I L I T Y ;  COST: DENSITY:  D R I L L I N G  FLUID: 
D R I L L i N G  ( C E L L ) ;  ECONO';!C FACTOR: ENGLISH; 
FLOW PROPERTY: F L U I D  LOSS: FLUID PROPERTY; 
*FOA:,!; FOAM D R I L L I N G ;  FCAM L I F T I N G :  FOAMING 

MIXTURE; PHYSICAL PROPERTY: S T A B I L I T Y :  
V ISCOSITY:  WELL CLEANCUT: WELL COMPL SERV + 
WORKOVER: WELL C O W L E T I O N  F L U I D :  *WELL 
WORKOVER: *WORKOVER F L U I D  

hlAThE%ATICS: METER; * I U D  V I S C O S I T Y :  01 L BASE 
MUC: PHYSICAL PROPERTY: PROCEDURE; -REFERENCE 
DATC!.': RHEOLOGY; iE1.'PE2ATURE: TEMPERATURE 
COVPrXSATION: V1SCC;;ETER; V I S C O S I T Y :  WATER 

AGENT ; FORMATION DAMAGE; LOW FLUID Loss: 

I N 1 E R PO L AT I Oh( : MATH E MA 1 1 C A L ANA L Y 5 I S : 

BASE ?.'LID 

1 3 6 2 t 0  
INCREASIKG FoAfd S T P 3 I L I T Y  IN EARTH FORhlATIONS 
DPLSEF; D L: RAZA S H 
U S 1.530.940. C 9/29/70. F 2/5/69. PAN 
AS'ERICIN PETR CORF 
1 S70 

AGENT; MIXTURE; PAN AhERXCAN PETR CORP: 
PATENT: PHYSICAL PROPERTY; PLUGGING; 
'PLUGGlNG AGENT; POLYMER: S T A B I L I T Y :  
* S T A S I L I Z E R  ( A D D I T I V E ) :  *TEMPORARY PLUGGING: 
V I N Y L  ALCOHOL HOKOPOLY!t!ER; WELL COhlPL SERV + 
WORKCVER: YELL CGKPLETICN; WELL PLUGGIHG: 
W€LL WORKOVER: ( P I  U N I T E 0  STATES: 

ADC I T I V E  : ENGLISH : FOA!J : FOAM 1NG : * FOAMING 

2 - PY RRO L I D  I NONE 

1 3 6 1 6 5  
D R I L L I N G  F L U I D  
K O L A I A N  J H 
U S 3.531.408. C 9/29/70. F 4/25/67. TEXACO 
I NC 
1970 
A D D I T I V E :  CARBOXYNAPHTHALENE. DIHYDR; 
CHEMICAL: CCUPOUXD; D E ~ I V A T I V E  (CHEhl ICAL) :  
*OISFERSANT: DISPERSING;  DISULFONAPHTHALENE. 
NITROS;  D R I L L I N G  F L U I D :  D R I L L I N G  ( W E L L ) :  
ENGLISH: FLOW PROPERTY; F L U I D  PiZOPERTY: GEL: 
G E L  STRENGTH; MIXTURE; *MUD A D D I T I V E :  *MUD 
PROPERTY; k1UO V I S C O S I T Y  NAPHTHALENE; PATENT: 
PHYSICAL PROPERTY: RHEOLOGY: ROTARY D R I L L I N G :  
SALT;  TEXACO I N C :  THIXOTROPY: V I S C O S I T Y :  
*WATLR BASE W D ;  ( P )  U N I T E D  STATES 

135709 
METHOD OF COATING TUBULAR OBJLCTS W I T H  
POLYURETHANE FOAM 
STEWART S A 
GR @!?IT 1 . 2 0 7 . 1 1 0 .  C 9/30/?0. F $/10/69. 
M A R T I N  SWEETS CO I N C  
1970 
CLEANING: COATING MATER I A L  : *COATIKG PROCESS : 
ENGLISH; EXTERNAL COATING: FILM: FLUID: FOAU: 
C Z I V E :  C b S  D R I V E :  *GAS O I L  CONTACT: GAS 
RESERVOIR; CEOLCGIC STRUCTURE: I N J E C T I O N :  
INTERFACE; I :XTURE: O I L  RECOVERY: O I L  
RESERVOIR: PATENT: RECOVERY: RECOVERY 
b!ECHAti:$Lt: RESERVOIR: RESERVOIR LNG + REC 
h!ETHOO: * L t C O r Q J R Y  RECOVERY: ( P I  CANADA 
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AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 
ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

COMPOSITIO!4; D R I L L I N G  F L U I D :  ENGLISH; GLASS; 
1N:T:AL STRENGTH: h?ECHAhICAL P40PERTY; 
fJECHARICAL STI;ENCTH; ?dUD A D D I T I V E :  PATENT: 
PHYSICAL PGOPERTY: SETT!NG TIME:  * S I L I C A  
CEKEhT: TIWE: -WATER BLSE ?s?UD: WELL COMPL 
SERV 6 WORKOVER: WELL COMPLETION: (P) USA 

.ma.=: - - -  
A : - -  CE:,:::'.: %'f'-:fj ,fIi:::'.3 C F2:!dE3 
I', 2: =:h:51 t L: 2:: 
K E L L Y  J ~ i z :  SL$C;'*T E hl 
L! 3.495.665.  C 2 /17 /70 .  F 9/15/67. t i lOBIL 
O I L  CORP 
1970 
ADDIT:VE: - A i R  CR:LL!!<G: ' D R I L L I N G  F L U I D :  
0R:LLING ( W E L L ) :  ENGL:C9: *FOAM: *FOAM 
DR I L L  i N G  : FOX!ING AGEGT ; * L I P O P H I L I C  : 
hl IXT3RE:  h!fSIL OIL CORP: O I L  W E T T A B I L I T Y :  
.PATE!sT: PHYSICAL PROPERTY: SURFACE A C T I V E  
AGEKT; SURFACE PROPERTY: WETTABIL ITY;  (P) USA 
DEPTH: PLUGGING: PLUGGING AGENT: POLYUER: 
*SARD CONSOLIDATION: SCND CWTROL;  S O L I D  
H Y  OROCAReOK ; SYXTHET I C  RES I N  : TEMPORCiRY 

6 WGRKOVER: WELL PLGGSIKG: ( P I  USA 
PLUGGING: WEIGHTING KPTERIAL: WELL comL SERV . 

I ;' 

123223 
A h'EW WAY TO COL!PUTE At;%ULCR FI!ICTIO:4 LOSS 
K O T e  P K 
J PETGOL TECHNOL V 2 2 ,  p ?  8-10. JPK 1970 
1370 
*ANNULAR FLCW; C I R C U L A T I k G  SYSTEM; 
CCMPARISON: COMPUTER; DATA: D E R I V A T I V E  
(MATHEMATICS); O I G I T O L  COZPUTER: D R I L L I N G  
F L U I D :  D R I L L I N G  F L U I D  SYSTE!J: D R I L L I N G  
( W E L L ) ;  EhlULSICV C3D;  ENGLISH: EOUATION; FLOW 
PROPERTY: F L U I D :  ' F L U I D  FLOW: FRACTGRING 
F L U I G :  ' F R I C T I C N  LOSS ( F L U I D ) :  FUNCT!3N 
(MATHEhlATiCSj : GEL; INVERTED EWJLSZON KVD;  
LOSS; LCW SOLIDS XUD; "2ATHEhlA~ICAL MODEL: 
MATH EhlAT I CS : f.1 I X 7 U!? E ; W O E  L : hU0 SY ST EM ; 
*NONhEWTONIAN F L U I D :  O I L  BASE MUD: PHYSICAL 
PROPERTY; SdLT WPfER hiLD: SYSTEM 
(ASSEk'BLAGE); TABLE ( % T I ) ;  THIXOTROPY; MATER 
6ASE UUD 

123922 
Ph!hlOP.IATED FOAMEC WELL CIRCULATION F L U I D S  AND 
USES THERECF 

U S 3.4136.560. C 12,',73;69. F 4;12/68. CHEVRCN 
RESELRCH CO 
197G 
ADO;TIVE: A W C N I L .  C I R R Y I N G  CAPACITY;  CHEVRON 
RESEARCH CO: C I G C W L A T I ~ ~ G :  CLEANING; CUTTIlvCS 

ENGLISH; FLO:: PRCPESTf.  'FOCO; - F O G '  

M I X T C R E :  F A T E % T ;  F H I ' S I C A L  F23PERTY: CE:I:OVPL: 
Y E L L  CLEANOUT; ( i - 1  U S A  

HUTCH!SC% S 0. A'SDE25C'. G W :  LlCKINYELL J C 

REMOVAL: - O R I L L I : . G  F L U I D :  D R I L L I N G  ( W E L L ) :  

DR1LL:NG: F3A':!:;G AGEr.7: GAS 3 2 : L L l S C :  

I 
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ACCE s s I ON NUMBER 
T I T L E  

AUTHORS 
S W R C E  
ENTRY YEAR 
INDEX TERMS 

. .  

, 

ACCESSION NUMBER 
' TITLE 1' . . AUTHORS 

SOURCE .. . 
. E N T R k  YEAR 

INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

133988 
FOL!& WORKOVERS ARE ALSO SUCCESSFUL I N  THE 
PER?.lIAN B A S I N  AREA 
ht:CHEL C C 
WELL SERV V 10. h0 4 .  PP 17. 22. JULY-AUG 1970 
1970 
ART:F!CIAL L I F T :  CHANGE: CHEVROr4 RESEARCH CO; 
CIECULt iT ING;  C I R C U L A T I h G  PRESSURE; 
C IRCULATING RATE: CLEAXING; CONTRACT; CORING; 
CUTTINGS REMOVAL: DECREASE; D R I L L I N G  (WELL); 
ECONO!dIC FACTOR: ENGLISH; FOAM: FOAhl 
D R I  LL SNG; FOAU L I F T I N G  : FORMAT I O N  DAl*l&GE; 
LEGAL CCNSIDEI; AT I O N  : MIXTURE : NEW YEXICO: 
NEWS: ' O I L  PQCD?ICING: PATENT; 'PERIo!ICN BASIN; 
PXESSURE; PSESSURE D E C L i N E ;  PGrJDUCIE4G: RATE: 
REUOVAL; SAND RELiOVCL: -STRIPPER WELL; TEXAS: 
Y E L L ;  WELL CLEAKOUT; WELL COMPL SERV + 
WORKOVER: WELL PRESSURE: 'WELL SERVICING;  
WELL WORKOVER 

133987 
PREFORKED S T A B I L I Z E D  FOAM 
HILLIGAN M 
WELL SERV U 10. NO 4 .  PP 13. 15, 18-19. 
JULY-AUG 1970 
1970 
AD01TiVE; A S T I F I C I A L  L I F T :  CEMENTING: CHEVRON 
RESEARCH CO: C I R C U L A T I h C  PRESSURE: 
C I R C U L A T I N G  RATE: C I R C U L A T I N G  SYSTEM; 
CLEANING: CONTRACT; CO*:TROL; CORING; COST: 
CRUDE O I L ;  CUTTIhGS REMOVAL: DENSITY; 
D R I L L I K G  (WELL) ;  ECONOMIC FACTOR; 
E M U L S I F I C A T I O N ;  ENGLISH: FLOW PROPERTY; FOAM; 
FOAL1 D R I L L I N G ;  *FOAM L I F T I N G :  FORMATION 
DAXAGE; I N J E C T I O N :  LEGAL CONSIDERATION: L I N E R  
CCEPLETION: LCW: h l IX fUGE;  PATENT: 
PERFOCMANCE; PETROLEUM: PHYSICAL PROPERTY; 
P I P E  S T I C K I N G :  PRESSURE; PRESSURE CONTROL: 
PRODUCTION RATE: RATE:' REMOVAL: SAND REMOVAL: 
S T A B I L I T Y :  S T A B I L I Z A T I O N :  S T A B I L I Z E R  
( A D D I T I V E ) ;  STEAM I N J E C T I O N :  SYSTEM 
(ASSEWBLAGE): TEWPERATURE: VISCOSITY:  VISCOUS 
CRUDE O I L :  W E L L  CLEANOUT: WELL COMPL SERV + 
WORKOVER: WELL COMPLETION: WELL COMPLETION 

E X U L S I F I E R :  ENGLISH: FLOCCULANT; FLOW 
PRCFERTY: FLU!D LOSS A D C I T I V E ;  FOAMING AGENT: 
GAS 5RILLIP.G; I N H i S i T O R ;  I O N  EXCHANGE; LOST 
CIRCULATIC?J A D D I T I V E :  'LOW S O L I D S  MUD; 
L U B R I C A T I C ? ~  : MIST OR: L L I N G ;  .M'JD A D D I T I V E  ; 

D R I L L I N G  F L U I D  SYSTEM; D R I L L I N G  (WELL) :  

*h!UG CO%lPOSSTION: 'MUD SYSTEM; MUD VISCOSITY;  
' O I L  8ASE tJUC; P E S T I C I D E :  PH: PHYSICAL 
PROPERTY: REVIEW OR SURYEY; ROTARY D R I L t I N G :  
SHALE CONTROL; SURFACE A C T I V E  AGENT: SYSTEM 
( A S S E K ~ L X E ) :  TAELE ( D A T A ) ;  V ISCOSITY;  *WATER 
BASE W D ;  WEIGHTING MATERIAL  

127194 
METHOD AND COtJPOSITION FOR CEMENTING O I L  WELL 
CAS I !Xi 
W Y L k i  R E; VAN DYKE 0 
U S 3.399.491. C 3/10/70. F 6/28/68. DRESSER 
INDUSTRIES I K C  
1570 
A C D I T I V E ;  'CASING SETTING; CEMENT: CEUENT 
COf.?,POSITION: 'CEKENT SLURRY: 'CEMENTING: 

. 

W 
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hb ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 
ENTRY YEAR 
INCEX TERMS 

123039 
STLELE F@A!J P A * f S  CL'T 
RINTCCL 9 
C A L I F  O I L  kiGRLD L 6 2 .  :.O 22. P i  1 - 4 .  11/30/69 
1970 
L D O I T I V E :  A R f I F I C i A L  L:FT; *CASE HISTORY: 
CLEANING: D A T A :  CEFLECTOR; D I A E C T I O h A L  

*FOI!.l L I F T I N G :  fC2.UI?:*G AGENT: L I N E R  
CC!dPLETION: MIXTURE: NEWS: PHYSICLL PROPERTY: 

~ C R K O V E R :  WELL COXPLET!CN: *WELL SERVICIKG: 
* W E L L  WORKCVER: L.'HIPSTOCK: WORKOVER F L U I D  

D R I L L I N G :  GRILL:'.S I X E L L ) :  E:.GLISH: FOA!A; 

STAEI LITY: 'WELL CLEL::OUT: WELL c o r m  SERV 6 

ACCESSION NUMBER 123057 
T I T L E  O I L - F I E L D  A P P L I C A T I O N  O F  DETERGENTS 
AUTHORS HALLCRCN T 
SOURCE KENTUCKY GEOL SUPV SPEC P U B L I C A T I O N  NO 15. 

ENTRY YEAR 1970 
INDEX TERMS A D C I T I V E ;  A I R  D R I L L I N S :  APPLICATIGN:  

SER 10. P P  103-104. 1968 

A R T I F I C I A L  L I F T :  CLEA:JING: D R I L L I N G  F L U I D :  
D f i I L L l N G  (WELL) :  DRYfttG: ENGLISH: F L U I D ;  
'FOA!d D R I L L I N G :  FOAM L I F T I N G ;  *FOAMING AGENT; 
GAS K E L L  DEUATERIKG: L I O U I D ;  PETROLEUM 

'SURFACE A C T I V E  AGENT; WKTER S O L U B I L I T Y ;  
*WELL CLEANOUT; UELL CCUPL SERV 6 WORKOVER 

INDL'STRY: PHYSICAL PROPERTY: s o L u a I L x T y :  

ACCESSION NUMBER 12275 1 
T I T L E  STABLE FOAM CUTS COSTS. INCREASES PROGUCTION 
SOURCE PETROL ENG V 41. NO 13. PP 61-63. DEC 1 9 6 9  
ENTRY YEAR 1970 
INDEX TERMS AC:O; A D D I T I V E :  A I R :  AL:*NULAR FLOW: A R T I F I C I A L  

, L I F T :  BASE ( C H E K I C A L ) :  BRINE;  CARBON DIOX!DE; 
CLARY ING CAPACITY: CEhlENf : CHEMICAL: CHEVRON 

O I L :  CENSITY: ECCNC!JZC FACTOR: ELEhtENT 
( C H E V I C A L ) ;  ENGLISH: EXHAUST GAS: FLOW 
PROPERTY: F L U I D  FLOW; 'FOAM; *FOAM L I F T I N G ;  
*FOAhiiNG AGENT: I tdPURITY:  INERT GAS; IRON 

RESEA2CH CO: CLECUING: CO?.!POUND: COST: CRUDE 

OXIDE:  I R O N  SULFIDE.  PES: M I X I N G :  MIXTURE: 
NEWS: NITROGEN: PETROLEUM: PHYSICAL PROPERTY: 
SODICh: HYCROXIDE: S T A B I L ~ Z J T I O N :  S T A B I L I Z E R  
( A D C I T I V E ) :  STANDIRD O I L  CO CALIFORNIA;  
SURFACE A C T I V E  AGENT; VELOCITY; V I S C O S I T Y :  
VISCOUS CRilOE O I L :  WASTE MATERIAL; WATER: 
'WELL CLEANCUT: k E l L  COhlPL SERV a WORKOVER: 
Y E L L  SERVICING; WELL S E R V I C I N G  COST: *WELL 
YORKOVER; WORKOVER F L U I D  

ACCESSION NUMBER 120C59 
T I T L E  FOE:.! WORKOVERS CUT COSTS 50 PERCENT 

SOURCE WORLD O I L  V 169. hO 6, PP 73-74. NOV 1969 
ENTRY YEAR 
INDEX TERMS 

4 AUTHORS HUTCHISON s 0 

a 

1969 
AOOITIVE;  A R T I F I C I A L  L I F T :  CIRCULATING: 
CLEL%iNG;  COST: D C T t ;  DEEP WELL; G R I L L I N G  
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ACCESSION NUMBER 
T I T L E  
SOURCE 
ENTRY YEAR 
INDEX TERMS 

ACCESSiON NUIBER 
T I T L E  
SOURCE 
ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
SOURCE 
ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

SOURCE 
ENTRV YEAR 
INDEX TERMS 

CGST; D R I L L I N G  ( C E L L ) :  ECONOblIC FACTOR: 
ENGLISH; FOAM: *FOAX D R I L L I N G :  FOAM L I F T I N G ;  
FOAMING: FOAM.1NG AGENT; MAINTENANCE; 
MAINTENANCE COST: ?JIXTURE; NEWS; PERFORMANCE; 
PHYSICAL PROPERTY; PRODUCTION S T A T I S T I C S :  
ST:.BILITY: S T A G I L I Z P T I C N ;  S T A 9 I L I Z E R  
( r D D I T I V E ) :  STANSARD O I L  CO CALIFORNIA:  
S T A T I S T I C S  ( D L T A ) :  TASLE ( D A T A ) :  WELL; WELL 
CLEAh3UT: WELL C O W L  SERV + WORKOVER: *WELL 
COYPLETION; Y E L L  COVPLETION COST: WELL 
PERFORMANCE: 'WELL SERVICING:  WELL S E R V I C I N G  
COST; WELL SERVICXNG R I G :  *WELL WORKOVER: 
*WORKOVER F L U I D  

120c51 
WYAT t OAM I: AND HOW I T ' S  USED 
W:C.O O I L  \r 169. NO 6.  P p  75-78. NOV 1969 
. : e .  - 
. ..- .. , : V E :  CIGCULATICG;  C I R C U L A T I N G  SYSTEM: 

CL * * r l J G :  ENPJLISH; F0A:vl: FOAMING: FOAMING 
AGENT: M I X I t G :  f d I X T U R E ;  NEWS: S T A B I L I Z A T I O N ;  
S T I 3 I L I Z E R  ( A D D I T I V E ) :  SYSTEM (ASSEh3LAGE): 
*kELL CLEAkOUT: WELL COr.!PL SERV + WORKOVER: 
*WELL WORKOVER: 'WORKOVER F L U I D  

123355 
HOW FOAM A I D S  O I L  RECOVERY 
WORLD O I L  V 169. NO 6. PP 90-91. 94.  NOV 1969 
1069 
A D D l T I V E :  A R T I F I C I A L  L I F T ;  BASE (CHEMICAL):  

CLELhr ING; CWFOUhD;  ECONOMIC FACTOR; ENGLISH; 
CHEMICAL ; CHEMICAL I N J E C T  I O N  : CIRCULATING : 

F I S H I N G  (WELL) :  FOAL!: 'FOAM L I F T I N G :  FOAMING: 
FOAMING AGENT: HYDI;OGEh' SULFIDE;  MIXTURE: 
N E U T R I L I Z E R :  NE'2rS: P H Y S I C A L  PROPERTY: 
PGOGGCTIVITY; P H O F I T A S I L I T Y :  REMOVAL: SAND 
REMCVAL; S T A S I L I Z A T I O N ;  S T A B I L I Z E R  
( A D O I T I V E 1 :  SULFIDE;  *WELL CLEANOUT: WELL 
COhIPL SERV + WORKOVER; *WELL SERVICING: *WELL 
STIMULATION; 'WELL WORKOVER 

120952 
STABLE FOAY SPEEDS WELL CLEANOUT 
NORLO OIL V 169. NO 6. PP 78-82. NOV 1969 
1969 
A C C I T I V E ;  i r R : I F I C I A L  L I F T ;  S A I L E R :  CASE 
HISTCRY; CIRCULAT!NS: C IRCULATING SYSTEM: 
CLE&!,ING; CC:.'>ARISGN: DATA: D R I L L I N G  (WELL):  

fOr.! .r l~G: MIXTURE: NE'HS: REMOVAL: *SAND 
REMOVAL: S f L 6 1 L I Z E R  ( . 3 D 9 I T I V E ) :  SYSTEM 
(ASSE!.lBLAGE): TABLE ( D A T A ) ;  'WELL CLEANOUT: 
WELL CCCPL SERV + WORKGVER: *WELL SERVICING:  
WELL SERVICING R I G :  *k;ELL WORKOVER 

ENGLISH; FGCo: FOAM D R I L L I N G :  'FOAM L I F T I N G :  

120946 

RETR I E V I L  
YORLC O I L  V 1C9. ti0 6. P P  83-87. NOV 1969 
1969 
A D D I T I V E :  SUS!hESS OFERATION; CLEANING: 
COXPARISON: COST: DATA: D R I L L I N G  CGST: 
D R I L L I N G  ECUIP!.!ENT: G R I L L I N G  (>JELL) :  E C O N m I C  

STEA% AND FOLM S I U P L I F Y  L I N E R  RUNNING AND 

FACTCR dGL1 SH: FOAM : FOAM OR1 L L I NG: 
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. 

GRAPHICAL REPRESENTATICN: I N J E C T I O h ;  LINER; 
.LI'JE;R COMPLETICh: L I N E R  (WELL) ; MATHEMATICAL 
ANALYSIS:  E2THEYATICS.  VIXTURE: NEWS; 
FEi?FOS!.!ANCE; F H Y S I C I L  FGOPERTY: PROCUCTIVITY; 
SALVAGING: S i  AI21 L1;ITICN: STAB1 L I Z E R  
(AD2ITIVE): 'STELM I N d E C T I O N :  TABLE I D A T A ) :  
'XELL CLEAKOUT: k E L L  CSVPL SERV + WORKOVER; 
WELL COhlPLETION: WELL CCMPLETION COST; WELL 
PERFORhlANCE: 'UELL SERVICING:  *WELL SERVICING 
COST: 'WELL WORKOVER 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUhlBER 
T I T L E  

AUTHORS 
SOURCE 
ENTRY YEAR 
INDEX TERMS 

12G448 
D R I L L I N G  F L U I D  
SAUBER C A :  SHANNON J L 
U S 3.471.402. C 10/7/69. F 7 / 2 5 / 6 6 P R  US 
4/26/63. P H I L L I P S  PETROLEUM CO 
19E9 
A D D I T I V E :  ASBESTOS; CARBOXYMETHYL CELLULOSE: 
CO!;POSITION: CONTRACT: CONTROL: D R I L L I N G  
FLUID;  ' D R I L L I N G  F L U I D  CONTROL; D R I L L I N G  
(WELL 1 ; ECONOMIC FACTOR: EblULSION hWD: 
ENGLISH; FER70h!PGNESIAN MINERAL: FLOW 
PROPERTY: F L U I D  LOSS: F L U I D  LOSS A D D I T I V E :  
F L U I D  PROPERTY: FRESH WATER MUD: LEGAL 
CONSIDERATION: LOW F L U I D  LOSS: MINERAL: **hlUD 
A D D I T I V E ;  MUD COXPOSITIGN: MUD PROPERTY; *MUD 
TREATZNG: * I U D  VISCOSITY:  PATENT; P H I L L I P S  
* F L U I D  LOSS A D D I T I V E :  F L U I D  PROPERTY: LEGAL 
CONSIDERATION: LOW F L U I D  LOSS: *MUD ADDITIVE;  
HUD FROPEKTY; O I L  EASE MUD: PATENT: P H I L L I P S  

POLYOXYETHY LENE: RHEOLCGY : WATER EASE h?UD; 
( 2 )  ;LSA 

PETRCLEUM CO: PHYSICAL PROPERTY: POLY!JER: 

1 18307 

OF CAREON D I O X I G E  FRSV A GAS BY WATER UNDER 
PRESSURE IS A PACKED TCXER. AND I N  A TOWER 
OPERATING GNDER 

COMPARISON OF THE E F F I C I E N C Y  OF THE REMOVAL 

G ~ ~ E G G R  :a: PALKA J;  S V O ~ ~ A V A  u 
INT CHEM EM v 9.  NO 3 .  PP 460-485. ~ U L Y  196s 
1969 
At.:hlONfA; EASE (CHEMICALI; *CARBON D I O X I D E  
REMOVAL: CARBON MONOXIDE; 'CASE HISTORY; 
CHEUIChL ; C O L U W :  COLU:'t4 PACK ING : COklPARI SON : 
CCUPOLJND: CZECPOSLOV&KIA: DATA; EFFICIENCY:  
ELEI:Et:T ( C H E U I C A L J :  EKGLISH; F I X E D  BED: FOAM: 

MIXTL' I  E :  CP=UfiAL GAS: ?.ITROCEN: *OXIDATION 

5 . 'IJBhER: S! PARATION EOUIPhlENT: SODIUM 
: a .@. I D E ;  -WATER SCRU881NG 

FOLIAl. 6: GL:, PROCESS I N S  : - I h C U S T R I  A L  PLANT: 

KECC7,OX; PLTROLEUM: WCDUCING O I L  + GAS: 

ACCESSION NUMBER 1 1  83C5 
T I T L E  FLCW GEGIMES OF STABLE FOAhlS 
AUTHORS HOFFEi) M 5 ;  f i U B I N  E 
SOURCE I N D  ENG C H E l  V 0 .  NO 3 .  PP 483-490.. AUG 1969 
ENTRY YEAR 1969 
INDEX TERMS A D D I T I V E :  S I R  DRIlLINt; A R T I F I C I A L  L I F T :  

'BU6JLE FLCV: C H E R T :  COLUYN: CORRELATION; 
DATA: Di(1LLINrJ ( b E L L ) :  ENGLISH; EXPERItJENTAL 
DATA: FLCX PROPERTY: FLOW RATE: FLUID FLOW: 
F L U I O  VELGCITY: FOAI:: FOAM D R I L L I N G :  *FOAh? 



aCCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  

AUTHORS 
SOURCE 

ENTRY YEAR 
INDEX TERMS 

ACCESSION NUMBER 
T I T L E  
AUTHORS 
SOURCE 

ENTRY YEAR 
fWOEX TERMS 

L I F T I N G ;  FOCX!ING: FOAhIIhG AGENT: GAS FLOW: 
*GAS O I L  SEPARATION: * G A S  O I L  SEPARATOR; GAS 
PRODUCING; GAS SEPARATOR; GRADIENT: GRAPH: 
INTERFACE : LI TERATCRE SEARCH; MASS TRANSFER; 
h::XTURE; DULTIPHASE FLCW; O I L  PRODUCING; 
PHYSICAL PROPERTY: P H Y S I C A L  SEPARATION; *PLUG 
FLOW; PRESSURE GRADIENT: PRODUCING: PRODUCING 
O I L  + GAS; PRODUCTION S T A T I S T I C S ;  RATE: 
REYNOLDS NUhl1BER: SEPARATION EOUIPMENT: 
SPRAYING: SURFACE A C T I V E  AGENT; TURBULENT 
FLOW: .VELOCITY; V E R T I C A L  

GC305 

101817 
A I R  D F i I L L I X G  TO DLTE 
G I L z E - ~ T  T J ;  TUCKER B C 
19:h t X N  PETR SOC OF Clf-1 C I hl + hl TECH MTG 
5 / 7 - 1 G / 6 B  PREPRILT NO 6835. 3 PO 
1968 
A D D I T I V E :  * A I R  D R I L L I N G :  CHLNGE: CONTROL: 
CORR9SION; CORROSION CONTROL: CORROSION COST: 
COiiPC’JION RESISTAKCE: CORROS1C:l THEORY; CGST; 
COST CONTRDL: CEVELOCDEhT: DEVELOPEENT COST: 
D R I L L  P I P E  CORROSICN; D R I L L I K G  COST; G R I L L I N G  
EGUI~f . lENT;  DSILL1::S PEOSLEM: 021 L L I N G  
PROG3AK: D R I L L I N G  RATE: D R I L L I N G  THEORY: 
D R I L L I N G  ( W E L L ) :  ECONChI!C FACTOR: ENGLISH; 
*FOLK D R I L L I N G :  FOAMING AGENT; .GAS D R I L L I N G ;  
P A S S I V I T Y ;  PLUGGING: PRCGRAM: ‘PROGRESS 
REFOKT; RATE; REPORT: THEORY; WATER SHUTOFF: 
WELL PLUGGING 

1 0 1 7 3 2  
FATTY ALCOHCLS AS PERFOG1AKE BOOSTERS AND 
FCIh! S T A B I L I Z E R S  WITH FATTY ALCOHOL SULFATE 
SALTS 
ARTHUR R P; CHOCOLA L R:  SHORE A :  SHORE S 
US 3.394.768. C 7/30/60. F 1 0 / 4 / 6 5  RICHARDSON 
co 
1968 
ADDIT!VE; ‘ A I R  D R I L L I N G :  ALCOHOL; CARBON 
CONTENT ; CHEUICAL: COhlPOSIf I C N ;  COMPOUND; 
CONTRACT; CUTTINGS REMOVAL: * D R I L L I N G  FLUID;  

*FG&M: *fOA?.l D R I  LL ING:  ‘FOAMING LGENT: LEGAL 
COtEiICERATION; MiXTURE: MUD COmPOSIf ION: 
PATEXT: REKOVAL; RICH2RCSON CO; SALT; 
S T A B I L I Z E R  ( A D D I T I V E ) :  SULFATE: ( P I  USA 

D A I L L I N G  ( W E L L ) ;  ECONOMIC FACTOR: ENGLISH: 

1 COS42 

ZIhA H T 
US 3 . 3 9 1 . 7 5 0 .  C 7/9/68. F 8/9/65 UNION 
CARBIDE CORP 
1968 
A D D I T I V E ;  ‘A IR D R I L L I N G :  A R T I F I C I A L  L I F T :  
BRINE:  CLEANING; COMFOSIT I C N ;  CONTRACT; 
DRILL!NG (WELL);  ECONOMIC FACTOR: E h G L I S H :  
FOAM D R I L L I N G :  *FOAM L I F T I N G :  FOAMING; 

S U R F E. C T AN T COW F C 5 I T I ON 

mFOAhliNG AGENT: GAS D R I L L I N G ;  GAS PRODUCING; 

5 
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W Q U E S T I O N N A I R E S  
A P P E N D I X  E 

Survey of I n d u s t r y  Authorities on'foam D r i l l i n 2  

A significant p a r t  of this s t u d y  was to interview 
i n d u s t r y  personnel on the use of foams in geothermal 
d r i l l i n g .  Initial contact was by  letter, with a written 
questionnaire. These are included in this appendix. 
Because of poor written response, each of the people 
were contacted by phone. After discussion and 
assemilation o f  results, approximately fifteen following 
contacts were made to clarify points and expand informat,on. 

A cross-section of comments by persons contacted are 
included. It seems from the interviews that the more 
knowledgeable a person in geothermal d r i l  ing, the more 
optimistic they were on potential savings from the use of 
foams. 
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LJ Attached is a b r i e f  q u e s t i o n a i r e  which I would a p p r e c i a t e  you, 
or one of your  people, g i v i n g  m e  some h e l p  on. 
w i l l  be used t o  guide m e  i n  a foam p r o j e c t  sponsored  by t h e  
Department of Energy th rough  Sandia  Labs. Hopefu l ly  your  i n p u t  
w i l l  u l t i m a t e i y  l e a d  t o  advanced technology which w i l l  undoubt- - 
e d l y  be u s e f u l  t o  your  company. 

T h i s  q u e s t i o n a i r e  

One of ou r  i n i t i a l  e f for t s  w i l l  be t o  test  t h e  t empera tu re  
s t a b i l i t y  of a l l  c c r r e n t l y  used foaming a g e n t s .  Next, we s h a l l  
c o n c e n t r a t e  on e v a l u a t i n g  lab methods used  fo r  t e s t i n g  foaming 
agen t s .  As you can  see, t h e  in fo rma t ion  you supp ly  u s  is  most 
inipor t ant . 
Being t h i s  project  i s  government sponsored ,  all data g a t h e r e d  
w i l l  be available t o  i n d u s t r y  when t h e  p r o j e c t  is f i n i s h e d .  
I f  your  "foaming agen t "  is chosen t o  be tested, I s h a l l  g l a d l y  
give you e a r l y  r e s u l t s .  

If you have any q u e s t i o n s ,  or i f  you wish  t o  p r o v i d e  t h e  i n f o r -  
n a t i o n  over t h e  phone, p l e a s e  f e e l  free t o  c a l l .  

S i n c e r e l y ,  

!!artin Chenevert  
P r e s i d e n t  

CHENEVERT 81 ASSOCIATES, INC. 2727 KIRBY DR.. SUITE 201 I HOUSTON, TEXAS 77098 I713 522-2122 I Drr//ing Specca' u s  ' Petroleum Consulting. Research. and Traitring 
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QUESTIONAIRE ON FOAM DRILLING FLUIDS 
For Study Funded By: 
Department of Energy 
D i v i s i o n  of Geothermal Energy 

LJ 
. 
* Foams have been used by o u r  company under  t h e  fo l lowing  

c o n d i t i o n s .  

1. 

2. 

3 .  

Maximum s t a t i c  t empera tu re  . 
Maximum d e p t h  . 
Problems of t e n  encountered  

4.  

5. 

Type of foaming a g e n t  used (if known) . 
S u p p l i e d  by (company) . . 
I would l i k e  t o  see t h e  fo l lowing  improvements made 

i n  foam. 

6. Comments 

7. Please p l a c e  m e  on your "foam" m a i l i n g  list. Yes 0  NO^ 
N a m e  
Company 
Street 
Cityr State 
Phone 

Note: I f  more t h a n  one d r i l l i n g  l o c a t i o n  is i nvo lved  p l e a s e  
use  a d d i t i o n a l  sheets. 



QUESTIONAIRE 

APPLICABILITY OF FOAM DRILLING FLUIDS 

1. How much of geothermal drilling could utilize foam (by area 
and by resource type; if possible)? 

2. What are the benefits of new foams over present drilling 
fluid systems (e.g. reduce drill pipe replacement, save drill- 
ing time, increase we11 productivity, etc.)? 

3 .  What special problems limit utilization of foams (e .g.  corro- 
sion, disposal, equipment cost, and availability)? 

4. What are the priorities for research on foams? 

5. What are the chances of developing better foams (5  above) 
and how long will it take? 

6 -  Are the needs for completion, fracturing, and workover foams 
significantly different from those of drilling foams? 

7. Other comments. 
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GEOTHERMAL PERSONNEL CONTACTED ON 

.bd FOAM DRILLING FLUID STUDY 

R. B. A l l r e d  
Sun O i l  Company 
503 N. C e n t r a l  Expressway 
R i c h a r d s o n ,  TX 75080 
(214)  744-4411 

G. W. Anderson  
Chevron,  U.S.A. I n c .  
P. 0.  Box 5355 
O i l d a l e ,  CA 93308 
(805)  393-1312 

C .  W. B e r g  
P h i l l i p s  P e t r o l e u m  Co. 
P .  0 .  Box 752 
D e l  Mar, C A  92014 
( 7 1 4 )  755-0131 

Gene C. Broaddus 

R. K. 
She1 1 
P. 0 .  
Hous t 
(71  3 )  

E. E. 

C l a r k  
Development  Co. 
Box 481 
n, TX 
663-2421 

C 1 e a r  
D r i l l i n g  S p e c i a l t i e s  Co. 
309 S h o r t  S t r e e t  
B a r t l e s v i l l e ,  OK 74004 
(918)  661-6404 

R. A. (Bob) Crewdson 
O c c i d e n t i a l  Geothermal ,  I n c .  
5000 S t o c k d a l e  Hwy. 
B a k e r s f i e l d ,  CA 93309 
(805)  327-7351 

B i l l  D o l a n  
D r i l l i n g  F l u i d s  S e c t i o n  AMAX E x p l o t a t i o n ,  I n c .  
H a l  1 i b u r t o n  S e r v i c e s  4704 H a r l a n  S t r e e t  
Chemica l  Research  Development  Dept .  Denver ,  C O  80212 
Duncan, OK 73533 (303)  433 -6151  
(405)  251-3427 

a- 

* 

H. E. Bush 
NL B a r o i d  
6922 T r i o l a  
Houston, TX 77074 
(71 3 )  774-5205 

LeRoy Carney  
l M C O  S e r v i c e s  
2400 W. Loop S o u t h  
P. 0. Box Box 22605 
Houston ,  TX 77027 
( 7 1 3 )  67:-4881 

Ray C h a n t l e r  
M c C u l l o u g h  Geothermal  Corp.  
10880 W i l s h i r e  B l v d .  
Los A n g e l e s ,  CA 90024 
(213)  879-5252 

D a v i d  E t t e r  
Schwebel P e t r o l e u m  Co. 
900 Sacramento S t r e e t  
P. 0. Box 512  
B a k e r s f i e l d ,  CA 93203 
(805)  324-4061 

P a u l  F i s h e r  
U n i o n  O i l  Co. o f  C a l i f o r n i a  
Research  Depar tmen t  
P.  0. Box 76 
B rea ,  CA 92621 
( 7 1 4 )  528-7201 

W i l l i a m  A .  G l a s s  
B i g  C h i e f  D r i l l i n g  Co. 
P. 0 .  Box 14837 
Oklahoma C i t y ,  OK 7 3 1 1 4  

n cs 
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Bob Greider 
Intercontinental E n e r g y  Corp. 
P. 0 .  Box 17529 
Denver, CO 80217 
(303) 772-6703 

Tony Havlich Associates 
5540 Pine Cone Road 
LaCrescenta, C A  91214 
(213) 249-0910 

Tom Hinrichs 
M a g m a  Power Company 
P. 0. Box 2082 
Escondido, C A  92025 
(714) 743-7008 

Stan Hutchinson 
Chevron U.S.A. Inc. 
P. 0. Box 5355 
Bakersfield, CA 
( 8 0 5 )  393-1312 

Robert M. Jorda 
Completion Technology Co. 
4200 Westheimer Suite 211 
Houston, TX 77027 
(713) 961-501 1 

J.ohn Kelly 
Hobi 1 Research 
P. 0. Box 900 
Dallas, TX 75221 

J i m  Kingsolver 
S m i t h  Tool Company 
17871 Von-Karman Ave. 
P .  0. BOX C-19511 
Irvine, C A  92713 
(714) 540-7010 

Steve McVeigh 
Shell Oil Co. 
1200 Milan St., Room 1828 
Houston, TX 77001 
(713) 241-1453 

Harvey Mallory 
Loffland Brothers 
Box 2847 
Tulsa, O K  74101 

Bob Mottley 
Getty Oil Co. 
P. 0. Box 1404 
Houston, TX 77001 

Robert W. Nicholson 
Republic _ _  Geothermal, Inc. 
11823 E. Slauson 
Santa Fe Springs, C A  
(213) 945-3661 

Charles Perricone 
Milchem, Inc. 
P. 0. Box 22111 
Houston, TX 77027 
(713) 965-8312 

Gene Polk 
Baroid 
6400 Uptown Blvd. 365-W 
Albuquerque, N M  87110 
( 5 0 5 )  883-51 55 

Del Pyle 
Union Oil Company 
P .  0. Box 7600 
Los Angeles, C A  90051 
(213) 486-6262 

L a r r y  Roberts 
Atlantic Richfield, Co. 
P. 0. Box 2819 
Dallas, TX 75221 
(214) 651-4594 

L! 

Jake R u d  i s i 1 1  
Thermal Power Co. 
601 California St. 
San Francisco, C A  94108 
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John J .  Schneider 
Shell O i l  Company 
Entex Building 
P. 0. Box 831 
Houston, TX 77001 

hd 

r' (713)  241-2003 

Bill Shaub 
G u l f  O i l  Company 
P. 0. Box 36505 
Houston, TX 77036 
(713)  778-5161 

- 

Frank J .  Shell 
Division Manager 
Phillips Petroleum 
309 Short Street 
Bartlesville, O K  74004 

Robert A .  Shore 
Gstty Oil Co. R&I 
P. 0. Box 197 X 
Bakersfield, C A  93306 
(805)  399-2961 

Dwight K. Smith 
Halliburton 
Technical Center 

Henry R. Straw 
Texaco, Inc. 
P. 0. Box 2100 
Denver, CO. 80201 
(303)  861 -4420 

Roy Wo 1 ke 
Dresser Industries 
P .  0. Box 6504 
Houston, TX 77005 
(713)  78"-8525 
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REPORT ON INFORMATION OBTAINED FROM 

GEOTHERlfAL PERSONNEL 

The concept suggested by Kingsolver t h a t  f u t u r e  DOE Pro jec t s  

look a t  t h e  e n t i r e  spectrum of i n e r t  gas and aireated f l u i d s  is  a good 

one. 

water. 

This  would e s s e n t i a l l y  f i l l  i n  t h e  dens i ty  range from a i r  t o  

Areas i n  which foam research should be c a r r i e d  ou t  are l i s t e d  

below. This list is obtained from f a i l u r e s  encountered with e x i s t i n g  

foams. Not i n  o rde r  of p r i o r i t y .  

1. 

2. 

S t a b i l i t y  of foams under water o r  b r i n e  in t rus ion .  

S t a b i l i t y  of foams under changing pressure  (5000 f e e t  depth 

maximum) and temperature (550  F max.) condi t ions.  0 

3. Heat t r a n s f e r / i n s u l a t i o n  p r o p e r t i e s  of foams. 

4. Heat capac i ty  of foams. 

5. Corrosion e f f e c t s  of foams, to  inc lude  performance of 
add i t ives .  

6 .  Foam generators .  

7. Foam d i sposa l  schemes. 

8 .  Flow c h a r a c t e r i s t i c s  of foams i n  porous media and eva lua t ion  

of rock a l t e r a t i o n  when i n  contac t  wi th  foams. 

9 .  Development of improved foamers, i n  p a r t i c u l a r ,  binary 

systems a la  Fowkes. 

10. L i f t i n g  capab i l i t y  of foams. 

11. S e n s i t i v i t y  of foams t o  i n e r t  o r  s t a c k  gas  wi th  hydrocarbon 

impur i t ies .  

Improved performance parameters f o r  phys ica l  and chemical 

p r o p e r t i e s  of foams. 

12. 

Most personnel  contacted considered foams t o  be  experimental  

and wanted t o  see l a b  tests and f i e l d  tests performed t o  give  them- 

s e l v e s  g r e a t e r  confidence i n  applying foams t o  t h e i r  operat ions.  

p rop r i e t a ry  R. & D. is going on b u t  a l l  would welcome DOE par t i c ipa t ion .  

Some 

No clear c u t  answer on percentage of d r i l l i n g  t o  b e  foam. This 

would b e  very  c l o s e l y  t i e d  t o  foam performance. 
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The concept of binary foams w a s  interest ing and novel to  most, 

however, the corrosion problem seemed t o  b e  of greater concern a t  the 

present t i m e .  

l a r  present concept. 

The use  of inert  gas to generate foam was the most popu- 

* 
r 
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Geothermal Survey 

e! D a t e  J U  5 .  1978 Address  Chevron U.S .A . ,  Inc. 

i 'erson Con tac t ed  s t a n  Hutchison p r C f i e l A  PA. 

Phone Number - - 7 

Objective: De te rmina t ion  of the d e g r e e  of a p p l i c a b i l i t y  of d r i l l -  
i n g  foams f o r  geothermal  w e l l s  and t h e  e n v i r o m e n t a l  c o n d i t i o n s  
of t h e  b o r e h o l e .  

P. 0. Box 5 3 5 5  \ 

T o D i c s  to  be covered:  

1, I n  t h e  f u t u r e ,  where w i l l  foam d r i l l i n g  f l u i d s  be used? 

2. How w i l l  foams cut costs? 

3 ,  What are t h e  borehole c o n d i t i o n s  for foam d r i l l i n g ?  

4.  W i l l  foam d i s p o s a l  be a problem? 

5. O t h e r  c o n s i d e r a t i o n s .  

.'-'.r. Hutchinson had t h e  f o l l o w i n g  comments: 

1 feel t h e r e  w i l l  be many uses  fo r  foams i n  t h e  f u t u r e .  They 
.,ill be needed i n  t h e  f o l l o w i n g  a r e a s .  

A) for d r i l l i n g  i n  areas which need low d e n s i t y  f l u i d s .  
p a r t i c u l a r l y  t r u e  i n  geothermal areas. 
problems w i t h  sha l e  s t a b i l i t y  when foams are used. 
look at a d d i t i v e s  for shale  s t a b i l i t y .  

T h i s  i s  

Work shou ld  
A t  p r e s e n t  w e  are having 

B) For comple t ions .  Stable foams are v e r y  u s e f u l  f o r  removing 
s a n d  and scale f r o m  w e l l s .  

C) Use as a p u s h e r  f l u i d  i n  secondary  r ecove ry  o p e r a t i o n s .  
r e c e n t  l ab  tests cores were f l o o d e d  at 3000F u s i n g  water o n l y  
and  only 30% of t h e  o i l  i n  p l a c e  w a s  recovered. The n e x t  water 
flood w a s  followed by s t i f f  foam and a t o t a l  of 43-48% o i l  w a s  
r ecove red .  

I n  

* 

D) U s e d  i n  a c i d i z i n g  o p e r a t i o n s .  A f t e r  t h e  pr imary  acid job, foam 
is pumped i n t o  t h e  holes formed. T h i s  p l u g s  such h o l e s  and 
d iver t s  t h e  n e x t  acid job i n t o  less'permeable zones.  
which go i n t o  t h e  fo rma t ion  lower t h e  m o b i l i t y  of t h e  acid. 
the foam does n o t  damage t h e  zone and p r o d u c t i o n  is e a s i l y  achieved. 

* 

The bubb les  
A l s o ,  

L.i E) Foams are used  i n  more and more h y d r o f r a c  jobs. 
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Geothermal Survey 
Loff land  Brothers 

Date June  2 5 ,  1978 Address P. 0.  Box 2847 

Tulsa ,  Oklahoma 74101 Person Contac ted  M r .  Harvey Mallory 

Phone Number 622-9330 

pbjective: De te rmina t ion  of t h e  d e g r e e  of a p p l i c a b i l i t y  of d r i l l -  
i n g  foams for geothermal  w e l l s  and t h e  env i romen ta l  c o n d i t i o n s  
of the  boreho le .  

Topics t o  be covered:  

1. I n  t h e  f u t u r e ,  where w i l l  foam d r i l l i n g  f l u i d s  be used? 

2. How w i l l  foams c u t  costs? 

3. 

4 .  W i l l  foam d i s p o s a l  be a problem? 

5 .  Other  c o n s i d e r a t i o n s .  

What are t h e  bo reho le  c o n d i t i o n s  f o r  foam d r i l l i n g ?  

1. 

2. 

3.  
4.  

Mr. Mal l e ry  had t h e  fo l lowing  comments: 
Foams are p r e s e n t l y  d i f f i c u l t  t o  u s e  as  d r i l l i n g  f l u i d s ,  
t h e y  are good mainly for  complet jons.  

The b i g g e s t  problem wi th  foam is keeping t h e  foam con- 
t i n u o u s  i n  t he  annulus.  
&nd i n j e c t i o n  problem. Often the  dr i l ler  and a i r  man 
do n o t  work t o g e t h e r  p rope r ly ;  you g e t  a s l u g  of foam 
t h e n  a s l u g  of a i r .  
better n o t  come o u t  of t h e  hole. 
The main u s e r  of foam i s  Chevron. Contac t  them. 
On one e a r l y  w e l l  nea r  F t .  S tockton  t h e  c h i p s  f e l l  back 
d u r i n g  connec t ions ,  packed o f f  t h e  ho le ,  t hen  l o s t  
c i r c u l a t i o n  when t h e  pumps were t u r n e d  on. 

T h i s  is a foam degreda t ionprob lem 

If you have t h e  foam s lugg ing  you 
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Gcothermal Survey u Address Smith Tool Co. Date June  21, 1978 

Person Contacted M r .  Jim Kinqsolver  P. 0. BOX C-19511 

I r v i n e ,  CAI 92713 Phone Number 714-540-7010 

Objective: De te rmina t ion  of t h e  d e g r e e  of a p p l i c a b i l i t y  of d r i l l -  
ing foams for geothermal  w e l l s  and t h e  e n v i r o m e n t a l  c o n d i t i o n s  
of t h e  bo reho le .  

- 

Topics t o  be covered:  

1. I n  the  f u t u r e ,  w h e r e  w i l l  foam d r i l l i n g  f l u i d s  be used? 

2. How w i l l  foams c u t  costs? 

3. What are t h e  b o r e h o l e  c o n d i t i o n s  f o r  foam d r i l l i n g ?  

4.  W i l l  foam disposal be a problem? 

5. Othe r  c o n s i d e r a t i o n s .  

Comments : 

1. 

2. 

3,  

4. 

I n  t h e  n e x t  5 y r s ,  75-8,% of a l l  geotrrermal w e l l s  d r i l l e d  
w i l l  have aerated water i n  one or more s e c t i o n s  of t h e  ho le .  

The r eason  for t h e  a e r a t e d  water system is t o  p r e v e n t  lost 
c i r c u l a t i o n  which t h e r e f o r e  p r e v e n t s  problems and i n s u r e s  
a producer .  

Foam w i l l  be used,  when p o s s i b l e ,  because of t h e  lower cost. 

Problems w i t h  todays  foams are: 

a. Low y i e l d  ( i e ,  foam does n o t  form) 
b. The pH is  wrong. You g e t  e i t h e r  3 or 13 ,  no th ing  

c. B i t  l i f e  i s  ve ry  l o w .  
i n  between. 
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Geothermal Survey 

Date June 21, 1978 Address Union Oil Co. 

Person Contacted Mr. Del Pyle 

Phone Number 2 13-486-6 26 2 

Objective: Determination of the degree of applicability of drill- 
ing foams for geothermal wells and the enviromental conditions 
of the borehole. 

Topics to be covered: 

\ 

P. 0. Box 760@ 

Los Angeles, CA. 
-- 

LJ 

. 

L 

1. 

2. How will foams cut costs? 

3. 

4. 

5. Other considerations. 

In the future, where will foam drilling fluids be used? 

What are the borehole conditions for foam drilling? 

Will foam disposal be a problem? 

Comments: The following points were made by Mr. Del Pyle and 
Mr. Bill Glass in a joint meeting. 

Mr. Bill Glass Big Chief Drilling Co. 
405-843-5721 Oklahoma City, OK. 

1. With the exception of sedimentary type geothermal areas 
(ie Imperial Valley), foam fluids will be used in about 
50% of all other geothermal wells. (See attached Table 1) 

be used where air is presently being used, 
2. Foams look very good becuase of savings over air. They will 

Other advantages of foam over air are: 

a. Fewer compressors will be needed. Can reduce number 
from three to one. This will save between $1500 to 
$2000/day. 

b. Pipe corrosion and erosion will be reduced. With air  
you need to retire one foot of drill pipe for every 
6 feet of hole drilled. With foam you retire one foot 
of drill pipe for every 250 of hole drilled. At $20,’ 
foot of drill pipe, considerable savings can be achic\o.:i 

c. Hard banding. We presently spend (in Geyser Area) 
about $lO,OOO to $15,000 per hole for hard bandinu whr7- 
air is used. Foam might cut this back to $8000 to 
$12,000 per hole. 
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Page Two 
Mr. D e l  P y l e  
Juen 21 ,  

d. 

e. 

- 
1978 

F i s h i n g  jobs w i t h  a i r  is  abou t  4 j obs /yea r / r ig .  
$ 2 5 0 , 0 0 0  p e r  j o b  t h i s  amounts t o  $l,OOO,OOO/year/rig. 
Foam might reduce  t h i s  v a l u e  by 10 t i m e s .  
c o n t r i b u t i o n  would be i n  h o l e  s t a b i l i t y .  

A t  

Its main 

Pipe i n s p e c t i o n  costs. D r i l l  col lars  would be checked 
eve ry  30 days ,  i n s t e a d  of eve ry  20 days.  It  p r e s e n t l y  
costs $ 1 2 / j o i n t  to i n s p e c t .  

t 

I .  
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LIST OF GEOTHERMAL PERSOhXEL CONTACTED BY TELEPHONE AND 

ai 

. 
SUMMARY OF CONTACT 

Hr. Frank Schuh 
A t l a n t i c  R i c h f i e l d  Co. 
Dal l a s  , Texas 
(214)651-4685 

SUrroMq: 

Company h a s  n o t  d r i l l e d  geothermal  w e l l s  t o  da t e .  
interested and have l e a s e s .  
of Hawaii r e p o r t  on d ry  steam geothermal  w e l l s  i n  Hawaii. 

They a r e  
Sugges t  w e  review the  Univers i ty  

Major concern  on the  use  of foams is a b i l i t y  of foam t o  handle  
water  zones. 

Mr. Bob Mottley 
C e t t y  Oil Co. 
Houston, Texas 
(713)658-9361 

Summary: 
No expe r i ence  and no knowledge on t h e  use of foams i n  geo- 
thermal d r i l l i n g .  

Hr. Dave Smith 
Shell O i l  Co. 
Vent  u ra ,  C a l i f o r n i a  
(805 )  648-2751 

Summary: 
All expe r i ence  a t  Geysers. Not much a p p l i c a t i o n  of foams t o  
th i s - loca t ion .  Foams are used t o  clear w a t e r  i n f l u x ,  however, 
a t  Geysers t h e  geothermally a l t e r e d  rock  a t  depth  is uns tab le  
and foams cou ld  not clear t h e  h o l e  f a s t  enough. 
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Y x .  B. Wyant 
Occ iden ta l  Geothermal, Inc .  
Bake r s f i e ld ,  C a l i f o r n i a  
(805) 327-7351 

S m a r y  : 
H e  had no d i r e c t  experience wi th  the  use  of foams. 
the  use  of foams to  b e  very experimental ,  would l i k e  t o  see R. & 
D. on foams, p a r t i c u l a r l y  i n t e r e s t e d  i n  the  s t a b i l i t y  of foams 
a t  depth. 

H e  considered 

H i s  supe rv i so r  i s  M r .  R. A. Crewdson; Crewdson w i l l  send us  t h e  
completed ques t iona i r e .  

Mr. Percy Wicklund 
MlAX’ Explorat ion,  Inc.  
Denver, Colorado 
( 30 3) 4 3 3  6 15 1 

Summary: 
ANAX has  used foams and b e l i e v e s  t h a t  they have a p lace  i n  geo- 
thermal d r i l l i n g -  Because of t h e  hazard of  b l ind  d r i l l i n g ,  no 
c i r c u l a t i o n  back t o  t h e  su r face ,  h e  f e e l s  t h a t  t he  d r i l l i n g  
manager m u s t  b e  very conserva t ive  i n  t h e  use of foams. I n  
add i t ion  a breakdown of t he  foam s t r u c t u r e  can l ead  t o  water 
surg ing  i n  t h e  borehole  under high p res su re  r e s u l t i n g  i n  
damage to  t h e  borehole . ,  Evaluat ion of t h e  s e n s i t i v i t y  of  t h e  
foam t o  geothermal b r i n e s  is a n  important  R. 6 D. parameter. 

S ince  geothermal d r i l l i n g  is i n  hard rock he  would l i k e  t o  see 
government geothermal test  w e l l s  u se  foams t o  prove t h e i r  
u t i l i t y  . 

2!r. R. M. Jorda 
Completion Technology Co. 
Houston, Texas 
(713)961-5011 

S unmary : 
This company has no t  used foams i n  t h e  geothermal environment. 
They have used foams as a completion material. 
they have b e t t e r  completions with foam pr imar i ly  because foams 
do no t  a f f e c t  t h e  r e se rvo i r .  H e  is most ly  i n t e r e s t e d  i n  s t i f f  
foams, def ined  as  one which can c a r r y  propping agents .  

I n  t h i s  usage 

b 

ki 
For f u t u r e  R. & D. he  cons iders  development of high temperature 
foamers as b l .  H e  l i k e s  the i d e a  of  b i n a r y  systems of l o w  
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t empera tu re /h igh  t empera tu re  foaming agents .  The d i s p o s a l  of 
s t i f f  foams i s  a problem and reducing  c o s t  of equipment t o  d o  
t h i s  j o b  is impor t an t .  

W 

Hr. Stan  Shry lock  
Hal l i b u r  t on 
Santa  Fe Spr ings ,  C a l i f o r n i a  
(213)864-2551 

Summary: 
A i r  d r i l l i n g  a t  t h e  Geysers i s  nost s a t i s f a c t o r y .  
I m p e r i a l  V a l l e y  f o a m  a re  O.K. 
l o s t  c i r c u l a t i o n .  

I n  t h e  
Major problem w i t h  foam is  

Suggest w e  review new p a t e n t e d  process  of  foam u t i l i z a t i o n  
by Chevron O i l ,  U.S.A. 
s en ted  at the  APL Meeting i n  C a l i f o r n i a  two w e e k s  ago. 

Details of t h i s  p r o c e s s  were pre- 

T -  u 

Mr. R. B. All red  
Sun O i l  Co. 
Richardson, Texas 
(214)  744-4411 

Summary: 
Unable t o  c o n t a c t  him. 

Hr. R. Lane 
NL Baroid 
Houston, Texas 
(713 )  527- 1302 

S w r y :  
Baroid 's  e x p e r i e n c e  w i t h  foams is mainly l a b  development work 
o r i e n t e d  toward water and gas w e l l  d r i l l i n g .  
i s  a t  low tempera tures .  
b r i n e  chemica ls  on. foaming a g e n t s .  
s u r f a c t a n t  I s  2X which i m p l i e s  a w e t  foam. 

Bas ica l ly  a i r  d r i l l i n g  is f a s t e s t ,  b u t  uses foams t o  c o n t r o l  
water encroachment and for be t t e r  l i f t i n g  c a p a b i l i t y .  
equipment c o s t  is reduced over mud d r i l l i n g ,  p rovided  o f  course  
t h a t  a i r  d r i l l i n g  equipment is i n  place.  

Most ly  t h i s  work 
They have s tud ied  t h e  e f f e c t  o f  water/ 

Thei r  u s u a l  percentage  of 

A l s o  
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They use the  API W 4 C  test  f o r  foams and would l i k e  t o  see i m -  
proved test procedures. 

Would welcome Govt. R. 6 D. i n  t h i s  area. 

Xr. David Etter 
Schwebel Petroleum Co. 
Bakers f ie ld ,  Ca l i fo rn ia  
(805) 324-4061 

Summary: 
No contact .  No one else a t  company could provide information. 

?k. W .  A. Glass 
B i g .  Chief D r i l l i n g  Co. 
Oklahoma City, Oklahoma 
( 4 0 5 )  84 3- 5 72 1 

s u m a r y :  
No new comments. 

hfr. L. Carney 
I?.!CO Services  
Houston, Texas 
(713) 671-4882 

Summary: 
I was unable t o  contac t  M r .  Carney o r  any o the r  engineer at IMCO. 
I w a s  r e f e r r e d  t o  M r .  S tewar t  of Technical Sales.  

M r .  E. E. Clear 
D r i l l i n g  S p e c i a l i t i e s  Co. 
B a r t l e s v i l l e ,  Oklahoma 
(9  18) 661-6404 

S unmary: 
Mr. Clear repor ted  no knowledge or f a m i l i a r i t y  with t h e  use of 
foams. , 
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Mr. P. Fisher  
Union O i l  Co. of Ca l i fo rn ia  
Brea, Ca l i fo rn ia  

u’ 
(7 14) 528-7201 

z 
S ummary : 

I w a s  unable t o  contac t  him. 
c 

Mr. Tony Havlich 
Havlich Associates  
LaCr es ent a, Ca l i fo rn ia  
(213)249-0910 

summary: 
M r .  Havlich s t a t e d  t h a t  most foam d r i l l i n g  a c t i v i t i e s  were a t  a 
depth of  1000 f e e t  with 5000 f e e t  be ing  t h e  maximum. 
i n t e r e s t e d  i n  the PVT p r o p e r t i e s  of foams and would l i k e  t o  know 
more about t h e  e f f e c t s  of a d d i t i v e s  such as cor ros ion  i n h i b i t o r s  
(Unisteam produced by Union O i l  Co.) and bu f fe r s .  Unisteam is a 
vapor phase ma te r i a l  which settles out  on s teel  sur faces  a t  
e leva ted  temperatures. H e  suggested Texilana and Far Best Corp. 
as s u p p l i e r s  of organic  s u l f a t e  chemicals. Considered f i l m  
s t r eng th ,  f low proper t ies  i n  porous media and thermal i n s u l a t i o n  
p r o p e r t i e s  of foams a s  important tests. 
C a l i f o r n i a  has  been t e s t i n g  foams a l s o  t h e  IMOO Carp. is involved 
i n  foam t e s t i n g .  
wi th  i n e r t  gas  and mentioned t h e  NOWSCO Co. (Nitrogen O i l  Well 
Se rv ice  Co.) of Houston, Texas. 

H e  was 

Standard O i l  of Baker f ie ld ,  

M r .  Havlich w a s  i n t e r e s t e d  i n  generat ing foams 

Of most u se  t o  indus t ry  would b e  a p r a c t i c a l  w e l l  d r i l l  test run 
by knowledgeable people. 
run at t h e  LaHabra f a c i l i t y .  

Suggests  w e  look a t  the remedial test 

M r .  S.  Hutchison 
Chevron U.S.A., Inc.  
Bakerf i e l d ,  Ca l i fo rn ia  .. (805) 393-1312 - 

Summary: 
4 No contac t .  
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u r .  E l l 1  Schaub 
G u l f  Oil co. 
houston, Texas 
(7.13)77&5163 

S umar y : 
No contac t .  

s 

Xr. K. Kingsolver 
Sni th  Tool Co. 
1 rv i n e  , Cal i f  o r n i a  
( 7 1 4 )  540- 7010 

S u m r y :  
Considers c o r r o s i o n  t h e  #l  problem wi th  foams. Suggests  using 
i n e r t  gas in p a r t i c u l a r  s t a c k  gas. The company Ken Davis Ind. 
may be doing  some work on t h i s .  

P re sen t ly  the o n l y  s t a b l e  foam is t h e  one used by Chevron f o r  
completions and it is a low t empera ture  foam. 
l a t i o n  problem with u n s t a b l e  foams is very  serious. 
well tests t o  b e  useful and  lab tests are a must. 75% of w e l l s  
w i l l  b e  completed w i t h  foams o r  m i s t  techniques and sugges t s  
t h a t  scope of f u t u r e  W E  programs b e  expanded t o  cover a l l  i n e r t  
gas and a i r e a t e d  f l u i d s .  

The los t  c i r cu -  
He b e l i e v e s  

K r .  Del Pyle  
Union Oil Co. 
Los Angeles, C a l i f o r n i a  
(213)486-6262 

SunmLary: 
No new comments. 
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Y',. R .  Wolke 
Dresser Industries 
Xouston, Texas 
(713)784-8525 

u' 
S W i I a r y :  

Likes i n e r t  gas to reduce corrosion but major problems exist with 
stack gas. 
content i s  d i f f i c u l t  and expensive. 
converters are  not  c o s t  effective. 

Keeping the stack gas clean and reducing hydrocarbon 
Presently avai lable  c a t a l y t i c  

H e  c i t e s  other problems with foams a s  los t  c i rcu la t ion ,  d i s p o s a l ,  
and design of foam generators. 
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