
- 

SAND.'79 1342 C 
1 I ! r 

i 
! I ! 1 

I '  

OFh@=@_ Y+@~.$%FE!t&t2&4J cpet&3!P44k -F 

tpp>y !+ed@yh therms 

c$ng f o p p i o n t  and would eliminate the errosio 
oblems of air  dr i l l ing.  Successful use of aque 

foaming surfactant which oam wi l l  require 
1. Be chemic 

jnd chemical envir , and 2. iorm stable  f 
high temperatures.(tnd qFsures.  This pape 

esents the procedures developed t o  generate 
e t  aqueous foamsptrd,,&ke XfHtpp of a 260.C 
rature cycle on aqueous surfactant solutions 
re than f i f t y  s e + y t z d , s  
t h  representatives from 
t ionic ,  and nonigaicylasses included. Most 

pactants were severely degraded by this temperaturb 
le; however, some showed excellent retention of 

e i r  properties. The most p r a i s i n g  surfactant 6 
pes were the alkyl  and alkyl a r y l  sulfonates and 
e ethoxylated nonionics. 

MTRODUCTIOI 

erpressured hard t ions frequently i 
ound in geothermal reservoirs. Its primary advan-' 
ages are: 1. It should not harm producing forma- 1 
ions, 2. It allows high d r i l l i n g  rates, and 3. Low, 

/annular veloci t ies  w i l l  eliminate the  errosion prob- 
P a s  of air dr i l l ing.  
lfoam fo r  geothermal d r i l l i n g  w i l l  require a surfac-, 

ant  system which w i l l  have suff ic ient  chemical 
t a b i l i t y  t o  withstand the harsh thermal and chem- 

hcal enviromnent found i n  geothermal wells. In 
(addition t o  chemical s t ab i l i t y .  i t  must a l so  be 

I 
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Successful use of aqueous 

The f i r s t  s t ep  i n  developing foam d r i l l i ng  
f lu ids  fo r  geothermal use is  t o  find chemically 
table  foaming agents o r  surfactants t o  make the 

Foam. This paper w i l l  present the r e su l t s  of a 
tudy t o  determine the thermal s t a b i l i t y  of a wide 
a r i e ty  of commercially available surfactants i n  

bqueous solution. Tests were run on the solution 
pnd foams made d th - the - so lu t ion  before and a f t e r  

, ' 

xposure t o  260.C f o r  two hours. These t e s t e  have 
that several types of commercially available 

isurfactants may be sui table  foaming agents for'geo- 
[thermal, dri l l ing.  

EXPERIMENTAL 

1 Aqueous solutions of the surfactants were ex- 
/posed t o  the following temperature cycle: 
{ambient t o  26O0C-2.O hours, b. 260%-2.0 hours, C. 
1260°C-ambient-3.0 hours. 
/tained i n  heavy w a l l  stainless steel tubing with 
hwagelok" end caps. 
jby mixing f i f t y  percent by weight of the surfac- 1 
tant  as received in deionized water. A few sur- , 
factants were aged as e i the r  1.0 o r  0.2 weight 
jpercent solutions i n  a Baroid 500 cc high temper  
mature aging cell due t o  limited solubility. This 
lis noted where applicable i n  the data. 

a. 

The solutions were con- 

The solutions were prepared 

apable of forming s table  f o  
nd pressures. Some work ha 
oam i n  high temperature env 

geothe-1 d r i l l i ng  and 
evron USA A recently comple 

ngineering f o r  the Department o 
he problems and promise of aque 

require a high pre 
ead sui table  fo r  geothermal 
l l o w  balanced d r i l l i ng  thus A wide var ie ty  of high foaming surfactants t 

selected f o r  evaluation on the basis of t h e i r '  
equire the use of nitrogen cal s t ructure  andfor supplier 's  recommenda- j 
he foam. IftLcorrosion inh i  . Amphoteric, anioidc, cationic,  and nonionic 
hat w i l l  work in the high t with varying chemical structure . evalu- 1 

nviromnent, t h i s  may not be necessafjwxt must not extend&!d$: tW!ibaoks by Schwartz and Perrye'and i 

water and steam. 

1 Aqueous foams fo r  evaluation were made by 1 

tering nitrogen gas and the surfactant solution 
t o  a s t a t i c  mixer. This system provided uniform 

Den- 
t y  and drainage time t o  f i f t y  percent by volume 
re measured on foams made with surfactants that 1 
d and had not been exposed to  the high temper- j ure cycle. The solution pR was also measured j . 
fore and a f t e r  exposure. The foams were a l s o  
aluated qual i ta t ively by observing t h e i r  cell 1 
ructure. 
signed on the basis of the nonuniformity of 
eir  cell  structure. The densit  of a l l  foams 
6 controlled t o  45.0 2 5.0 Kg/m except as 

11 celled foams with controlled density. 

Ratings of good, f a i r ,  and poor ?re 

IS 
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t 



DISCLAIMER 
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owned rights.  Reference herein to any specific commercial product, 
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recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
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Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



-1 

'p h ? O c t E ~  PAPEP 776; COP', F o p  E >( j '  G , L Z E "  

e - -yPaaPdr(CIg'S LAST N k M E  [even-numberec! pages [odd-numbered pages' AUTH3F'S LAST Y4GE - 
Lposure t o  260% This is noted with a -no foam" ' 

hoteric surfactants evaluat&&A'\j tfST PAGE H E R E l " 6 y & Y ~ u m n  i n  the tables gives the change 
b e t a i n l s , ~ ~ - ~ o ~ - e ~ a ~ n e s ,  sulfo mido  betaine I 

bidazplene- .=pundB and a prppriatary f l u T  xposureto 260% Without Imowing-the degradation 
hemidal material. Most ani0 c surfactants eval- mechanisms of the surfactant evaluated, the reason ~ 

ted were sulfonic acid salt o r  sulfonates. AUTHwor a change i n  pH is / d i f f i cu l t  t o  determine. 1 For ~ 

1 this series of tests,lpH was treated as a r e l a t ive  kyl ,bl&yl  aryl, and perflwko alkyl sulfonates 
value indicative only of some change i n  the solu- , 
tion. 

% boxylic acid salt* Cationic types evaluated we1%3ri!l!ZAT!9h 

--. * 

i l a b i l i t y  respec , 
I 

in- DH of the__a_queogs--&olution befprg and aft-& 

9' 
mre included. Other anionic types tested were an 1 
+thoxylated alkyl Fa-fate and ancrmidei--& car- t 

The data presented i n  Tables I - 111 on the [ 
f ec t  of a 260.C ppe rpKyrc  w+,=k",arious s 
ctants  was selected'tr' h t a  on more than f i f  
rfactants. The es all  surfactants 
a t  showed promis 
pes tested. The pT&gtapts@Fe identified by 
emical type whenever possibie and are subdivid 
t o  amphoteric, an&ouiqr; ic, nonionic and 
opriatary classes'.' ' I -  

sentative data on 

A R E A  

spensed for  the or iginal  drainage tests. 
The density given was obtained on the foam 

A few 

5.0 Kg/m i n  our generator. This 

density of 45.0 5 5.0 Kg/m was chosen as rep 

This density is equivalent t o  a 

the poorer foaming s 

noted in the  or iginal  cell tructure column. 

t a t i v e  of the preformed s table  foams used as 

factants  would not make 
s of 45.0 "5 

9 

ae;lsrra-&s-Qm* Bsi#?eu%r&T b3 
luids. 

bidarolene canpound, cthoxyleted t e r t i a r y  
Bnd a proprietary 

presented somewhat a r b i t r a r i l y  
time a f t e r  upo-  

ponionic surfactants tested were cthoxylated f a t t y  
lcohols, a lkyl  a ry l  alcohols, and e polyoxgpro- - ~ l y o x y r ~ y ~ ~ e ? ~ c A ~ o ~ ~ ~ r  P teas e 

ure to  260% 
ant,  the true value of a surfactant f o r  geothermal 
oam dr i l l i ng  must a l so  consider the change i n  
rainage, in,foam cell structure,  i n  pH and i n  many 
ther factors yet t o  be evaluated. 

pystan does tend t o  put the best surfactants a t  the 
op of the l ist  i n  each class. E re the average of three determinations. 

I 
keric surfactants- sliows that  these materials, as a 
lass, performed poorly. 
ad good cell structure a f t e r  aging accompanied by 

A ce ty l  
etaine gave a small decrease i n  drainage time; 
owever, the poor foam cell s t ructure  a f t e r  aging 

JLndicates problems w i l l  arise a f t e r  longer exposure 
Most of the amphoteric surfactants produced 

Although drainage time is  impor- 

This ordering 

A l l  data presented 

The aging data presented i n  Table I on ampho- ' 

Only one, a coco betaine, 

28.0 percent decrease i n  drainage time. E 
R 

foam a t  a l l  a f t e r  exposure t o  260% It is 
nteresting t o  note that one of the surfactants 
iving no foam is another coco betaine, indicating 

khat  there are differences between surfactants sold 
s the same chemical type from different  manufac- 
urers. One surprise i n  these data was the f a i l u r e  

pf a fluorochemical surfactant,  normally noted f o r  
pts chemical s tabi l i ty .  

The anionic surfactants showed less degra- 
ion as a class as shown i n  Table 11. A l l  
onic surfactants evaluated made foam a f t e r  our ' 
.C cycle. The best  anionic surfactants evalu- ' 
d were a sodium alkyl aryl  polyether sulfonate i 

a sodium alkyl  amide sulfonate which both show 
11 changes in drainage time, good cell s t ructure  
er exposure, and small changes i n  pA. The f i r s t  
factant l i s ted ,  a sodium alkyl ester sulfonate, i 
wed a large increase i n  drainage t h e .  In  t h i s  

t ab i l i ze r  which probably explains this surprising 

ewed with caution as the foam cell structure was 
ted only fa i r  a f t e r  exposure t o  260.C. Other j 

nionic surfactants which wi l l  be evaluated i n  ; 
uture tests are the alpha o l e f in  sulfonate and the 
riethanol amine alkyl  aryl sulfonate. Because o f ,  
he known hydrolytic i n s t a b i l i t y  of the su l fu r i c  ! 

foams made v i t h  surfactants exposed t o  26OoC sters (sulfates),  very few were evaluated. Data ' 
n an cthyoxylated ammonium alkyl  su l f a t e  i s  given. 

Data on cationic, nonionic, and proprietary 

r-nonmiform cells with l a rge  voids. This test sult. hlthough promising, this result must be 
important because i t  indicates that degradation 
ducts from the surfactant are acting as anti-  

oamers o r  defoamers i n  the solution. This implies 
* 

urfactants are given in.Table 111. The cationic 

I I 
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prfactgnts;'ux -x x h s s ,  qterfenue$ Ipoarly.-,reOne, ant 
t hoxyza ~ d - ~ n e ~ a d - _ ~ e a ~ e ~ ~ - i ~ ~ ~ ~ ~  

b m v e r ,  it had poor cell s t ructure  Efter  a@~-$. 
bnver i e ly ,  the nonioaics, as a d l & i 6 ~ ~ & 0 ' W e h T  PAGE &&e &&;%'-3 f i r s t  s tep i n  finding surfactants 
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2 'ki;ici32'S LAST NAMk le~~e;l-n~mbered pages, iodd-numbered GXES AUTHCF,'S LAST WdL 

t o  evaluate the foams made. These techniques , 

y s ~ c r ~ Q - ~ ~ ~ l ~ t e o . r e t h a n f f f ~ - s u r f a _ r  tants  , 
. - ... * I .  

1 L  

t o  e_stab_lish t h e i r  reeistance t o  a 26OOC temper- 

kood cell structure,  and a s m a l l  change in solution: 

d t e p  da,f$nding useful surfactants f o r  geo 
foam dri l l ing.  Promising surfactants f r  

e tests wi l l  now be exposed t o  acidic,  basic, 
simulated geotlprna€-,PriFe ($D@3n6 ;at 260% 

These tests w i l l  estab- r temperatures. 
chemical AtabiligTpf surfactant s o l u t i  

us chemical environments. me f i n a l  s 
,,ysef*qss w i l l  be t o  
am8 a t  high temperature 

s in an autoclaye.,k@cFessful surfact  
se tests wi l l  then be formulated with 
s such as Qrrrrosion inhibitors,  scale in- 

antioxidants, and caustic chemicals t o  
ng agent systems f o r  geothermal d r i l l 1  

CONCLUSIONS 

TecMques have been develope 
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TABLE I: EFFECT OF 260.C ON S A !  CTE? AMPHOTERIC SURFACTANT SOLUTIONS 

Sulfo Coco Amido Betaine - Good 

- Good NO -1.89 ; tassim Coco Amlno Acid 44.5 

co Imidazoline Betaine - Good 

- Good No -1.27 
: 
i 

f 

1 i 

t 
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4.54 - Good ' Good -0.32 
4.21 -25.0 Good Poor -1.21 
3.85 i49.2 High Fair  -0.76 

1.55 -73.7 Good Poor -3.88 
Density 

7 HiS FdARKED I 
1 P F E f !  

TABLE 111: EFFECT OF 260.C ON SELECTED CAT1 IC, ~ N I O N I C ,  AND PROPRIETARY s ~ A c ~  SOLVTIONS 

I O N I C  

thoxylated Coco A m i d  
raprintawyS.isotm&S&Z 

ICoco Hydroxyethyl Inidazoline 54.7 

f I 
iNONIONIC 

'Alkyl Aryl Ethoxylated Alcohol 47.2 
Polyoxyethylene- 

I 
None Given 61 

50% Drainage Delta % C e l l  Structure 
Aged Drainage Orig. Aged pu 

3.90 +23.0 Good Poor -0.96 ' 

Foam 
No 

Foam Density Foam Data 

No - Good NO -2.07 
Foam 

High No No - 

4.32 +11.6 Good Good -1.70 
4.13 -16.4 High Fair  -2.65 

Density 
I 

7.16 -17.0 Good Good M.23 
3.46 -50.0 mod Poor +0,30 


