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." EcAqueous cform tiszgspromisfig drillisg Fladid fo?
peothermal yells.because :it:orill mot sharm, the -pro
fucing formation and would eliminate the errosion
oblems of air drillipg. Successful use of aqueous
Foan will require a high foaming surfactant which }.
Will: 1. Be chemicglly stable dm-the harsh thermal -
And chemical enviromment, and 2. form stable foams
gt high temperatures gnd pressures. This paper ¢
resents the procedures developed to generate and g
test aqueous foams and:the effects of a 260°C tem-.
erature cycle on aqueous surfactant solutions.
More than fifty selected surfactants were evaluated,
Eith representatives from the amphoterie, anionic,g'
pationic, and nonionic classes:included. Most sur~
factants were severely degraded by this temperatur®
ycle; however, some showed excellent retention of
kheir properties. The most promising surfactant
Lypes were the alkyl and alkyl aryl sulfonates and
the ethoxylated nonionics, : -

1

INTRODUCTION

Eriiadqueous Foem BTy prondslfig "I 11ng F1a1d Tor
fthe underpressured hard rock formations frequently i
ound in geothermal reservoirs. Its primary advan—
ages are: 1. It should not harm producing forma-
ions, 2. It allows high drilling rates, and 3. low,
nnular velocities will elimfrate the errosion prob-

lems of air drilling. Successful use of aqueous -
{foam for geothermal drilling will require a surfac-, .
tant system which will have sufficient chemical
jstability to withstand the harsh thermal and chem
ifcal enviromment found in geothermal wells. In
'lhddit:lon to chemical stability, 1t must also be '
capable of forming stable foams at high temperature
nd pressures. Some work has been done with aqueo
oam in high temperature enviromments by Union 01l
or geothermil drilling and for steam stimulation b
evron USA.“ ‘A recently completed studg by Maurer
ngineering for the Department of Energy” discusses
he problems and promise of aqueous foams for use
8 geothermal drilling fluids. :

Because of its low density, successful use of
foam will require a high pressure rotary drilling
head suitable for geothermal well use. This will
lallow balanced drilling thus allowing control of
formation water and steam. - Corrosion problems may
require the use of nitrogen rather than air to make
ithe foam. .Ifﬁcorrosion inhibitors can be found .
ithat will work in the high temperature geothermal

{"Swagelok" end caps.

"wete measured on foams made with surfactants that
{had and had not been exposed to the high temper-

. |before and after exposure. :
‘|levaluated qualitatively by observing their cell !

. The first step in developing foam drilling
fluids for geothermal use is to find chemically
table foaming agents or surfactants to make the
foam. This paper will present the results of a :
tudy to determine the thermal stability of a wide
jvariety of commercially available surfactants in
gaqueous solution. Tests were run on the solution
land foams made with-the solution before and after |
lexposure to 260°C for two hours. These tests have:
ghown that several types of commercially available
surfactants may be suitable foaming agents for/ geo—
thermal drilling. :

EXPERIMENTAL

Aqueous solutions of the surfactants were ex-—:
iposed to the following temperature cycle: a. :
ambient to 260°C-2.0 hours, b. 260°C-2.0 hours, c.
260°C-ambient~3.0 hours. The solutions were con—
tained in heavy wall stainless steel tubing with

The solutions were prepared .
by mixing fifty percent by weight of the surfac-

tant as received in deionized water. A few sur-

factants were aged as either 1.0 or 0.2 weight :
percent solutions in & Baroid 500 cc high temper— :

i

ature ‘aging cell due to limited solubility. This

18 noted where applicable in the data.

Aqueous foams for evaluation were made by. i
etering nitrogen gas and the surfactant solution :
into a static mixer, This system provided uniform
emall celled foams with controlled density. Den-
sity and drainage time to fifty percent by volume :

ature cycle. The solution pH was also measured

The foams were also

structure. Ratings of good, falr, and poor were |
assigned on the basis of the nonuniformity of
their cell structure. The densitg of all foams
was .controlled to 45.0 * 5.0 Kg/m” except as
noted. . :

‘SURFACTANTS - '

A wide variety of high foaniingvsdrfactanté i
were selected for evaluation on the basis of their:

.jchemical structure and/or supplier's recommenda-
_{tions. ~Amphoteric, anionic, catfonic, and mnonionic

types with varying chemical structure Xege evalu- |
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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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ﬁdCutcheons.a;men; msed gxtensively o determine

prosure to 260°C. This is noted with & “no foam"
fating in the aged cell structure column. :

themical structure and availability respectively.

i

; t

Anphoteric surfactants evaluated hiefaNeRERST PAGE HERETH{e"M¥t EfLunn in the tables gives the change

betaineq,,§m1do,betg;gew,_gulfg amido betaines, an in pH of the aqueous solution before and after

xposure to 260°C.. Without knowing the degradation

@midazplene,sggppund, and a propriatary fluoro-
hemicel material. Most aniogic surfactants eval-

Eited were sulfonic acid salts or sulfonates.
kyl, alkyl aryl, and perfluoro alkyl sulfonates

| mechanisms of the surfactant evaluated, the re reason‘
AUTHOfor & change in pH 1s;difficu1t to determine, ! For |

this series of tests, |pH was treated as a relative

. were included. Other anionic types tested were an |

éthoxylated alkyl ‘sulfate and an amide 1inked car-
boxylic acid salt.
fmidazolene compound, ethoxylated teértiary amines,

Cationic types evaluated wérelan ![ZATION

value indicative only of some change in the solu-
tion. !

The data are presented somewﬁat arbitrarily

énd a proprietary Fluorochemical material. The
ponionic surfactants tested were ethoxylated fatty
11cohols, alkyl aryl alcohols, and a polyoxypro-
yyléne = tpolypxyethyleneblockiexpolyders. Picase

“ leave 2 double snaces betweeriend of Abstract and k.
" first line of ~ULTS AND DISCUSSION Eﬁ

The data presented in Tables I — III on the |
iffect of a 260°C tempergture e¥cle pu yarious surr:
actants was selected from data on more than fifey.
purfactants. The data-$ncludes all surfactants . E
hat showed promise &nd representative data on ally:
ypes tested. The surfactants gre identified by §
hemical type whenever possible and are subdivided,
to amphoteric, anionic, catienic, nonionic and
‘ropriatary classes.

s

gispensed for the original drainage tests. A few ;
f the poorer foaming sugfactants would not make E
This &

g

oams of 45.0 * 5.0 Kg/m” in our generator.
s noted in the original cell Structure column,
[he density of 45.0 * 5.0 Kg/m” was chosen as repre-
jentative of the preformed stable foams used as
firilling fluids. This density is equivalent to a
1;7égivﬁlnﬂenixn¢KiQ¥eQﬁl&ﬂ@i&ﬁ:§§361§htiﬂflﬁz7

Foam drainage is defined as the time to fifty
ercent weight loss of a preformed foam. - It is a
easure of density stability of the foam. Foams
th long drainage times or good density stability
re desirable for drilling fluid epplications.

e drainage data is presented as the time in
nutes to 50 percent by weight drainage and the
ercentage difference in drainage time between the
riginal and exposed sample. .

. A1l foams‘tested were qualitatively evaluated

or cell structure and ‘given ratinge of good--small : .

iform cells, fair-nonuniform cell structure and
oor-nonuniform cells with large voids. This test
8 important because it indicates that degradation
roducts from the surfactant are acting as anti-
oamers or defoamers in the solution. - This 1implies
that higher temperatures or longer times would give
olutions incapable of making foams.
isasterous for foam drilling fluid applications.
ome foams made with surfactants exposed to 260°C
etained or even improved their drainage time;
owever, they would not make fine-uniform celled
osms indicating the importance of this rating.

ny surfactapt solutions would not make foams after

\
i

“Ilshowed a large increase in drainage time.

This would be:

‘Jesters (sulfates), very few were evaluated.

S : - Text must not extend below this fine

n the order of decreasing aralnage time after expo-
ure to 260°C. Although drainage time is impor-
ant, the true value of a surfactant for geothermal
oam drilling must also consider the change in
rainage, in-foam cell structure, in pH and in many
ther factors yet to be evaluated. This ordering
ystem does tend to put the best surfactants at the
Eop of the list in each class. All data presented ;
re the average of three determinations. :

' The aging data presented in Table I on ampho-;
eric surfactants shows.that these materials, as a |
lass, performed poorly. Only one, a coco betaine,

-had good cell structure after aging accompanied by .

28.0 percent decrease in drainage time. A cetyl
etaine gave a small decrease in drainage time;
owever, the poor foam cell structure after aging
ndicates problems will arise after longer exposure
imes, Most of the amphoteric surfactants produced

foam at all after exposure to 260°C. It is
nteresting to note that one of the surfactants
iving no foam is another coco betaine, indicating'
that there are differences between surfactants sold
8 the same chemical type from different manufac-
urers., - ‘One surprise in these data was the failure
of a fluorochemical surfactant, normally moted for
ts chemical stability.

“The anionic surfactants showed less degra- i

tion as a class as shown in Table 1I. All !
mnionic surfactants evaluated made foam after our
E60'C cycle. The best anionic surfactants evalu-
ted were a sodium alkyl aryl polyether sulfonate |
nd a sodium alkyl amide sulfonate which both show
mall changes in drainage time, good cell structure
fter exposure, and small changes in pH. The first
urfactant listed, a sodium alkyl ester sulfonate, |
In this
ase, hydrolytic cleavage of the ester linkage will
enerate a fatty alcohol which is an excellent foam
tabilizer which probably explains this surprising:
esult.  Although promising, this result must be-
iewed with caution as the foam cell structure was
ated only fair after exposure to 260°C. Other |

‘lanionic surfactants which will be evaluated in i

uture tests are the alpha olefin sulfonate and the
riethanol amine alkyl aryl sulfonate. Because of :
he known hydrolytic instability of the sulfuric !
Data |
n an ethyoxylated ammonium alkyl sulfate is given.

Data on cationic, nonionic, and proprietary ?
urfactants are given in.Table 1I1I. The cationic
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purfnctxm:s, as aclass, sperformed podrly.>'cOne, anI tnd to evaluate the foams made. These techniques
ethoxylated amine, had an increase in drainage ,_timej _used to evaluate more than fifty surfactants
however, it had poor cell structure after ag aging, to establish their resistance to a 260°C temper-
bonversely, the nonionice, as a cldds}Epérfornied! PAGE Bflre &fdie da"a first step in finding surfactants

11, _After exposure to 260°C, two showe _foaming agents for geothermal drilling. :

ncrease in drainage time and made foams with good ; ost surfactants evaluated were severely degraded |
cell gtructures. One, an ethoxyleted fatty alcohol, | by the 260°C temperature;. however, about ome in :
gave very little shift in solution pH. Several AUTHOfive showed good resistance. These promising ; isur="
lpropriatary foaming agents, recommended for foam | _factants will be tested after exposure to various
ldrill:lng, were evaluated. One system, which is 1 khemical environments at 260°C and higher temper- |
ztecamnended for use as a foaming ageént with steam in I atures in a continuing program to. find foaming :
cil well stimulation procedures, performed wellRGANIZAdgents for geothemal drilling. ° |

rl'his system gave & moderate decrease in drainage, g |

good cell structure, and a small change in solution 'ACKNOWLEDGEMENTS
pH after aging. o
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ture aytle: ¢n surfactantsodvwtbons; Avepresent, ;thq_a; DP00789,
irgt. step dn, ,find:lng useful surfactants for geo-g %% A U, S. DOE facility.
bhermal foam driiling. Promising surfactants fr
these tests will now be exposed to acidic, basic, L ] REFERERCES
sinulated geotbermal-prine soiutions at 260°C ¢
hnd higher temperatures. These tests will estab- ! i 1. U. S. Patent 4,036,764, P. W. Fischer, D. S.
ish the chemical gtabilityof surfactant solutions ‘ Pye, Method of Foam Drilling Using a Sulo-
in various chemical enviromments. The final step §- ecetate Foaming Agent. :
o establish surfactant ysefuliness will be to make 2. Foam Workovers Cut Costs 50%, S. O. Hutchison,:
hnd evaluate aqueous foams at high temperatures and World 011, November 1969. .
essures in an autoclave, p;fuccessful surfactantg” 3. Development of Drilling Foams for Geothermal
rom these tests will then be formulated with = ‘Applications, W. J. McDonald, L. J. Remont,
ditives such as ¢orrosion inhibitors, scale in-E W. A. Rehm, N. E. Cheneuert, January 1979,
E:bitors, antioxidants, and caustic chemicals to [ Maurer Engineerin,g, Report No. TR79-7.
ke foaming agent systems for geothermal drillingL 4, Surface Active Agents - Thelr Chemistry and
2 Technologz A, M. Schwartz and J. W. Perry;
CONCLUSIONS , Re E. Krieglr Publishing Co., 1978. .
E 5. Surface Active Agents and Detergents — :
Techniques have been developed to expose ) Volume 11, A. M. Schwartz, J. W. Perry, and ;
iqueous surfactant solutions to a high temperature Jo Berch; R. E. Krieger Publishing Co., 1977,
"yc].e, to generate foams vith con rolled dens:lty, 6. McCutcheons Detergents and Emulsifiers, 1978
piocs Ban Raghs = : Annual, MC Publishing Co., 1978. :
H
TABLE I: EFFECT OF 260°C ON SELECTED AMPHOTERIC SURFACTANT SOLUTIONS l
Density Time (Min) to 50% Drainage Delta % Cell Structure
Chemical Type (Rg/m”>) __Original’  |Aged Drainage Orig. Aged Delta pH
Cetyl Betaine 46.4 5.63 . 15.40 =410 Good Poor +1.45 i
Coco Betaine - 45.6 6.83 14.90 -28.3 Good Good +1.82 ‘
{Coco Amido Betaine - - 47.0 © 5466 - 3.48 - =38.5 Good Poor +1.62
Coco Betaine . &b.6 6.79 o Foam =~ = =~ Good No +1.83
Co . Foam ;
Sulfo Coco Amido Betaine 45.3 5.33 | ° No Foam —— . Good g t0.67
Potassium Coco Amino Acid 44.5 ’ 4.85 - 'No Foam — Good No -1,89
» Salt ) : _ : . Foam
ICoco Imidazoline Betaine 45.7 6. 82 " .No Foam — Good No C=1.72
. . B Foam
Piroprietary Fluorochemical 44 b - . 9. 83 ) ’o Foam —— Good No ~-1.27
¢
\.
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Densi Time (Min) to 50% Dra e Cell Structure :
Chemical Type (K& /i 5? ON FibFipinaE HER{geﬁ%EPE‘ﬁmimge orig. Aged Delta pH
1 H
Sodiun Alkyl Ester Sulfonate - 4l1.4 7,28 | 24,2 4232, Good Falr _ -2.65 '
Sodium Alpha Olefin Sulfonate 43.8 7.84 | 7.38 -12.0 Good Good =2.73 |
Triethanol Amine Alkyl Aryl 45,1 8.7 THOR 6.95 =20. 4, Good Fair ~0,28
Sulfonate ! | :
Sodium Alkyl Aryl Polyether 46.1 5.12 1 4,9 "=3.51 Good Good +0.78
Sulfonate » ] I
Sodium Alkyl Amide Carboxy 46,4 OBBONIZATION 72 ~19.4 Good Fair +1.41
Acid Salt i
Sodium Alkyl Amide Sulfonate 43.1 497 %54 -8.60 Good Good =0.32
Sodium Alkyl Sulfonate 44.7 5462 4.21 -25.0 Good Poor -1.21
Potassium Perfluoro Alkyl 92.8 2, 3.85 +49. 2 High Fair -0.76
.. Bulfenatesi first page here. Abstract first. Please Z Density
thoxylatgd Amon,jagnw between—end%nﬁ bstract andSe 1.55 -73.7 Good Poor -3.88
ﬁlkyl §u37f e ) F
1. Aged apd:gested -psd};-ﬁiv(:_, « solution. E

THIS MARKED
E APEA. ' v :
E TABLE ‘III: EFFECT OF 260°C ON SELECTED CATI({NIC, NONIONIC, AND :PROPRIETARY SURFACTANT SOLUTIONS
j v 4 .
- Density  Time (Min) to{50% Drainage Delta Z Cell Structure :
: Chemical Type (Kg/m”) Original Aged Drainage Orig. Aged Delta pﬂ
CATIONIC ’ E_,
gtboiylated Coco Amini 43.1 3.{7 3.90 423.0 Good Poor -0.96
ropristary SFlvorpchemit sl B GT.S S IBOD6 No ——— Good No - =~2,07
Foam B Foam
Coco Hydroxyethyl ‘Inidazoline 54.7 4.73 No —— High No No
Foam Density Foam Data
NONIONIC ) : '
Alkyl Aryl Ethoxylated Alcohol 47,2 3.87 4.32 #11.6 © Good Good  =1.70
Polyoxyethylene~ v 57.4 4,94 4,13 -16.4 High Fair ~2.65
‘Polyoxypropylene Block Density :
Copolymer ) i i
Ethoxylated Fatty Alcohol 44,7 3.42 4.11 +20,.2 Good Good «0.02 !
PROPRIETARY/
None Given 43.8 8.63 | 716 -17.0  Good Good +0.23 |
None Given . 45,3 6492 3.46 -50,0 Good Poor 40,30
: i
§
bt . S i
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