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QUATERNARY AMMONIUM SALTS AS
THICKENING AGENTS FOR AQUEOUS SYSTEMS

FIELD OF THE INVENTION
5 This invention relates to the use of alkyl amido quaternary ammonium
salts, and formulations thereof, as thickening agents in aqueous based fluids, especially
those used in o1l field appiications. In particular, the compositions of the present
invention find use as gelants 1n fluids used in oil recovery operations such as fracturing
fluids, completion flutds, and drilling fluids, that are used in the process of recovering
10 hydrocarbons from subterranean formations. The quaternary ammonium salts of the

present invention exhibit improved gelling characteristics.

BACKGROUND OF THE INVENTION
Hydraulic fracturing is used to stimulate the production of hydrocarbons
15 such as oil or natural gas from subterranean formations. In this process, a fracturing fluid
1s injected through a wellbore and propelled against the formation strata by high pressure
sufficient to cause the strata to crack and fracture.

The fracturing tiuid also carries what 1s referred to as a proppant to the
fracture site. These proppant particles remain in the fracture thereby "propping" the

20 fracture open when the well 1s in production. The proppant material 1s commonly sand,
sintered bauxite, glass balls, polystyrene beads, and so forth.

Traditional fracturing fluids were polymer based fluids. Naturally
occurring polysaccharides such as guar and derivatized guar, upon dissolution in water,
form hydrated polymers which can be crosslinked with organometallic compounds such as

25 borates, zirconates or titanates to form a crosslinked gel structure which increases the
viscosity of the fluid. However, these crosslinked polymers can ultimately form a rubbery
semi-solid material that 1s difficult to recover from the fracture causing reduction in the
conductivity of the fracture. Peroxides and other gel breakers are theretore often utilized
to break the gelled polymeric structure into smaller molecules and facilitate clean-up of

30 the fracture site. Production of oil or gas 15 often dependent on the ability to clean the
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fracture site of such matenals.

It is a widely known concept to use certain chemical agents to increase the
viscosity or induce gel formation in aqueous or hydrocarbon based fluids. These gelled or
thickened fluids may be referred to as viscoelastic fluids. The term viscoelastic 1s

5 commonly understood to refer to a fluid that has the capability to partially return to its
original non-disturbed form upon release of applied stress. It is believed that under the
right conditions, i.e. concentration, counter ion, pH and so forth, that certain surfactants
from rod-like or cylindrical micelles which can entangle to form these gelatinous,
viscoelastic fluids 1n aqueous solutions.

10 These thickened fluids are then capable of suspending the proppant
particles and carrying them to the fracture site. These gelled fluids also diminish loss of
fluid into the fracture face, thereby improving the efficiency in the fracturing process and
reducing the overall cost.

Viscoelastic fluids can be formed with a combination of 1onic and/or non-

15 ionic surfactants and by the incorporation of additives such as organic and/or inorganic
salts. U.S. Patent No. 5,551,516 issued Sept. 3, 1996 to Norman et al. describe
surfactant based viscoelastic aqueous fluid systems useful in fracturing subterranean
formations penetrated by a wellbore, and state that the fracturing fluids are useful in high
temperature, high permeability formations. Norman et al. state that the preterred

20 thickening agents are quaternary ammonium halide salts derived from certain waxes, fats
and oils. The thickening agent is used in conjunction with an inorganic water soluble salt,
an organic stabilizing additive selected from the group of organic salts such as sodium
salicylate. The fluids are said to be stable to a temperature ot 225° F.

Various problems have been encountered with these gelled fluids 1n o1l

25 field applications including the lack of thermal stability of the fracturing fluids caused by
the degradation of the additives or the instability of the gel upon exposure to high
temperatures and/or high shear conditions. This can result in changes in the rheological
properties of the gel which can ultimately affect the ability of the fluid to suspend
proppant material. If proppant material is prematurely lost from the fracturing fluid 1t can

30 have a detrimental effect on the fracturing treatinent. Furthermore, gel instability can
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result in higher loss of fluid into the formation thereby diminishing the amount of
fracturing that occurs. High temperatures in the formation can further impact gel stability.

For high brine solutions, 1.€. those having salt concentrations of about 30
wt-% or more, polymeric materials have been used as thickeners but tend to precipitate

5 from these high salt concentration solutions which can result in plugging and formation
damage. Furthermore, the high salt concentration makes 1t difficult to dissolve these

polymeric viscosifiers or thickeners in the solutions. Such high brine solutions are found

in completion fluids used in drilling operations.

10 SUMMARY OF THE INVENTION

The present invention relates 1o improved selling agents for use in oil field

applications. In particular, the compositions find use in fracturing fluids, completion

fluids and well drilling fluids.

The gelling agents of the present invention are cationic in nature and have

15 the following general structure:

20

R! is alkyl amine alkylene, alkyl amido alkylene, alkyl ester alkylene where the alkyl group
75 contains 1-26 carbon atoms and the alkylene group preferably contains 1 to 8 carbon

atoms; R? and R’ are each alkyl, hydroxy alkyl, polyalkoxy with the degree of

polymerization ranging from 2-30, alkyl sulfonate, hydroxyalkyl sultonate or alkylaryl

sulfonate: R*is hydrocarbon such as alkyl, aryl, aralkyl, or alkaryl and can be saturated or

unsaturated; or wherein any two or R2 R? and R* together with the nitrogen atom to

30 which they are attached, form a heterocyclic ring; and X is selected from the group

LI



CA 02384108 2002-03-06

WO 01/18147 PCT/US00/24142

consisting of halides; oxo ions of phosphorous, sulfur or chloride; and various organic

anionic molecules.

The surfactants of the present invention, in combination with at least one

additive which may be an inorganic salt, organic salt, organic acid, alcohol or a mixture

5 thereof, form stable gels in aqueous environments.

The present invention further relates to a method of fracturing a

subterranean formation comprising the steps of providing a thickened fracturing fluid as
described above, and injecting the aqueous fracturing fluid through a wellbore and against

2 subterranean formation at a pressure sufficient to initiate and or extend a fracture Into

10 the formation.

15

20

. The present invention further relates 10 a method of suspending particles 1n
a thickened aqueous liquid by providing an aqueous medium and adding to the aqueous
medium an effective amount of at least one surfactant and at least one counterion selected
from the group consisting of organic salts, inorganic salts, organic acids, alcohols, and

mixtures thereof, sufficient to increase the viscosity of said aqueous medium. The

surfactant has the general structure as provided above. The thickened aqueous fluid 1s
capable of suspending solid particulate matter. The thickened fluid may then be further

used to transport the solid particulate matter to a remote location.
This type of method is useful in well-drilling operations, coil-tubing

operations, construction operations, mining operations, and so forth, where it 1s desirable

to remove solid matter from the site of operation.

The present invention further relates to a method of reducing the friction

of an aqueous liquid as it passes through a conduit by adding to the aqueous liquid, at

least one surfactant of the present invention, and at least one additive which 1s an

25 inorganic salt, organic salt, organic acid, an alcohol, or a mixture thereof. The amount of

surfactant and additive added to the aqueous liquid are sufficient to reduce the friction of

the aqueous liquid as it passes through the conduit.

The present invention further relates to an oil field high brine o1l

completion fluid comprising about 30 wt-%o 0 about 70 wt-% of at least one inorganic or

30 organic salt and about 0.1 wt-% 1o about 4 wi-% of at least one cationic surfactant having
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the following general structure:

wherein R is alkyl amine alkylene or alkyl amido alkylene; R?and R’ are each

10 alkyl, hydroxy alkyl, polyalkoxy with the degree of polymerization ranging from 2
to 30, hydroxyl alkyl sulfonate, alkyl sulfonate or alkylarylsulfonate; R%is
hydrocarbon, saturated or unsaturated; or wherein any two of R% R’and R*,
together with the nitrogen atom to which they are attached, form a heterocyclic

ring; and X is selected from the group consisting of halides; oxo 1ons of

15 phosphorous, sulfur or chloride; and organic anions.

A counterion, i.e. an inorganic salt, organic salt, inorganic acid, alcohol, or

mixture thereof, is optional in the case of the high brine completion fluid.

These compositions have been found to provide a reversible thickening
phenomenon whereby with increasing temperature, the viscosity increases. However,
70 when the heat source is removed, and the temperature drops, the viscosity will again

decrease.

DETAILED DESCRIPTIONS OF THE PREFERRED EMBODIMENTS

The monomeric surfactants of the present invention in the presence of
25 organic or inorganic activators or gel promoters, can be used as thickening agents in

aqueous based systems.

The surfactant ions of the present invention are preferably cationic and

have the following general structure:

30

(WA
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(D) ’

where R’ is alkyl amine alkylene, alkyl amido alkylene, alkyl ether alkylene or alkyl esfer
alkylene where the alkyl group contains 1-26 carbon atoms and the alkylene group
preferably contains 1 to § carbon atoms; R” and R* are each alkyl, hydroxy alkyl,
polyalkoxy with the degree of polymerization ranging from 2-30, alkyl sulfonate,
hydroxyalkyl sulfonate or alkylaryl sulfonate; R* is hydrocarbon such as alkyl, aryl,
aralkyl, alkaryl and can be saturated or unsaturated; or wherein any two of R%, R* and R,
together with the nitrogen atom to which they are attached, form a heterocyclic ring
containing 2 to 5 carbon atoms and 1 to 6 sulfur atoms such as sulfur (S), nitrogen (N),
oxygen {O) or silicon (S1); and X 1s selected from the group consisting of halides; oxo
ions of phosphorous, sulfur or chioride; and various organic molecules.

In some preferred embodiments of the present invention, R' is alkyl amine
alkylene or alkyl amido alkyiene, and/or R-and R* are each alkyl or hydroxy alkyl.

Examples of suitable alkyl groups, R*, R’ or R* include methyl, ethyl,
propyl, butyl, hexyl, allyl, benzyl, vinyl benzyl, and the like, including iso-propyl, iso-
butyl, sec-butyl, ferr-butyl, and so forth. Examples of suitable hydroxy alkyl groups
include 2-hydroxyethyl-2-hydroxypropyl and 2,3-dihydroxypropyl. Examples of
heterocyclic rings. which may be formed by combination of two of R?, R? and R? include
morpholine, piperidine, piperazine, and so forth. Polyalkoxy groups are preferably ethyl,
propyl or butyl.

' Alkyl sulfonate may also be referred to as sulfobetaines and hydroxyalkyl

sulfonates may also be referred to as sultaines. An example of a sulfobetaine is propyl
sulfonate and an example of a sultaine 1s 2-hydroxypropyl sulfonate.

The thickening agent 1s employed in an amount which in combination with
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the other ingredients is sufficient to increase the viscosity of the aqueous fluid enough to
maintain proppant in suspension during fluid placement.
Preferably, the surfactants of the present invention are alkyl

amidoalkyltrialkyl ammonium quaternary salts and have the following general structure:

M@V -
R Y N, _3 (11)

R? and R® are alkyl and preferably have from 1 to & carbon atoms; hydroxy
alkyl preferably having from 1 to 8 carbon atoms; polyalkoxy including ethyl, propyl and
buty! with the degree of polymerization ranging trom 2 to 30; hydroxyalkyl sulfonate, 1.e.
sultaine; alkyl sulfonate, i.e. sulfobetaine; alkylaryisulfonate; R, is hydrocarbon and can be
alkyl, aryl, aralkyl, alkaryl, saturated or unsaturated: or wherein any of R*, R® and RY,
together with the nitrogen atom to which they are attached, form a heterocyclic ring
containing 2-5 carbon atoms and 1-6 hetero atoms such as sulfur (S), nitrogen (N),
oxygen (0), and silicon (Si); R is a saturated or unsaturated alkyl having from 1 to 30
carbon atoms, preferably from about 6 to 26 carbon atoms and most preferably from
about 12 to 22 carbon atoms: v is an integer from 0 to 12, and preferably from 1 to 12;
and X is defined above. Suitable R groups include coco, palmityl, stearyl, oleyl, erucyl, as
well as other saturated or unsaturated moieties. As a general rule, although other factors
affect stability as well, the higher the number of carbon atoms in R, the better the stability

of the resultant gel.

In a specific preferred embodiment y 1s 1 and X is chloride, and the

surfactant is an alkylamidopropyltrialkyl ammonium quaternary chloride having the

following general structure:
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where R is erucyl (22 carbon unsaturated fatty acid chain); R% R’ and R* are methyl; and
yis 1. X is preferably chlorde.

These types of compounds are obtained by quaternization of a
corresponding alkylamidopropyltrimethylamide with methylene chloride, ethyl chloride,
benzyl chloride, vinyl chloride, butyl chloride, methyl sulfate,
chlorohydroxyalkylsulfonate, chloroalkyisulfonates and so forth, and mixtures thereof.

The long chain alkyl groups, R, are hydrophobic in nature and are
generally derived from a fatty acid. The fatty carboxylic acid is reacted with an amine to
form the amide. These long chain alkyl groups are generally derived from the fatty acids
and include cetyl, oleyl, stearyl, erucyl, and the derivatives of tallow, coco, soya and
rapeseed oils.

In a preferred embodiment of the present invention, the quaternary
ammonium salt is erucyl amidopropyltrimetny! anunonium quaternary salt.

In another embodiment, the surfactant is an amidopropylmorpholine

quaternary salt having the following general structure:

O X

N
R/\'Tj/\/
H

—~—~0 v

R and X are defined as above.

One specific surfactant of this particular structure 1s
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Examples of other useful quaternary salts generally include the following

structures:
5 ' B 2
O ¥ /:{
+ 3

/\/\/\/N—__R
R™ \R4
H

10
0 R’
Ik
N+
R WV oH
H R
15
i OH
X +/——:
R /\/N@\
H OH
20

(V)

(VD)

(VID)

R. R% R* R*and X are as defined above. Preferably, R has about 6 to

about 26 carbons and most preferably R has about 12 to 24 carbon atoms. As stated

above, it has been found to be a general rule that R groups having a higher number of

25 carbon atoms, result in a gel having better thermal stability. A specific example of

structure VII, above, is dimethylalkylglycerolammonium chloride.
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| \
H R,
|
20 O
| R5
=
A Rs HO SO5
235

Where R. R% R? and R* are defined as above.

X may be halides; oxo ions of phosphorous, sulfur or chloride; and various

organic anions, including chlorides, bromides, iodides, oxides of phosphorous,

hypochlorides, phosphates, phosphites, oxides of sulfur, sulfates, sulfites, sulfonates,

30 phosphates, acetates, carboxylates, chiorates, perchilorates, salicylates, phthalates,

10
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lactates, maleates, glycinates, citrates, citric acid, lactic acid, salicylic acid, phthalic acid,
benzoic acid, naphthoic acid, amino acids, and so forth.

The concentration of the surfactant is preferably from about 0.05% to
about 10% by weight of the fluid, more preferably from about 0.05% to about 6%, even
more preferably from about 0.1% to about 5%, even more preferably from about 0.2% to
about 4% and most preferably from about 0.5% to about 4%.

The surfactants of the present invention are rheologically stable up to
temperatures of about 300° F (about 1497 C). In some specific embodiments, the
surfactants are stable up to temperatures of about 110° C or 225° F, to about 275° F
(about 135° C). It is important to note, however, that the gels can be used at low
temperatures, i.e. 25° C, as well as in the operations where the temperature is high.

The gelation is assisted by the presence of an activator or gel promoter.
These are often referred to in the art as counterions or additives. An organic acid, a salt,
either organic or inorganic, an alcohol, or any combination thereof, may be added as an
activator or gel promoter so as to increase the viscosity of the fluid or in the development
of the gel. Such additives can also aid in maintaining the stability of the geologic
formation to which the fluid is exposed. The use of such compounds to improve the
thickening characteristics of the fluid, are known to one of skill in the art. The
compounds are chosen such that the thickening agent is compatible with the electrolyte to
avoid the formation of undesirable precipitates. While some gelants, such as the sultaines
or sulfobetaines, have been found to thicken or gel the aqueous fluids without the
presence of the counterions, the gel stability has been found to be poor.

The organic salts useful herein are typically water soluble compounds
involving a metal or an amine salt of an organic anion. Organic anions include salicylates,
phthalates, naphthalates, sulfates, sulfonates, lactates, glycinates, citrates, carboxylates,
benzoates, chlorobenzoates, phenates, acetates, sulfobetaines, hydroxysultaines, and so
forth. Preferably, sulfates and sulfonates are used in the present invention, and 1n
particular, those having aromatic groups such as xylene or toluene are preferred. Specific
examples include xylene sulfonate, p-toluene sulfonate, naphthalene sulfonate,

hydroxynaphthalene sulfonate, ethoxylauryl sulfate, methyl sulfate, ethyl sulfate, and so

11
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forth.

The organic acids useful herein include citric acids, lactic acids, salicylic
acids, sulfonic acids, carboxylic acids, salicylic acids, benzoic acids, phthalic acids,
naphthoic acids, and so forth. Specific examples inciude 3-hydroxy 2-naphthoic acid, 5-

S hydroxy-1-naphthoic acid, 7-hydroxy-2-naphthoic acid, 1,3-dihydroxy-2-naphthoic acid,
4-amino-5-hydroxy-1-naphthalene sulfonic acid, 2-amino-1-naphthalene sulfonic acid, and
so forth.

The organic acids or salts may be modified with alkyl, ether, alpha-olefin,
alkoxylates including ethoxylates, aromatic groups, hydroxyl, amino, thio and so forth. A

10 preferably class of organic counter ion is the sulfonate 1on. These organic acids or salts
are useful in the aqueous medium from about 0.1% to about 5% by weight of the
composition and preferably from about 0.2% to about 1% by weight of the composition.

The alcohols useful herein are preferably medium to long chain alcohols
and may be alkanols or alcohol alkoxyiates, 1.¢. alcohol ethoxylates. Alcohols are useful

15 at a concentration in the aqueous medium of about 0.1% to about 4% by weight of the
composition and preferably from about 0.2% to about 2% by weight of the composition.

Inorganic salts or small quaternary ammonium salts such as tetramethyl
ammonium chloride, are also useful to the present invention. Preferably, the salts will be
salts of sodium, potassium, ammonium, calcium, magnesium, zinc and so forth. These

20 ions preferably will be in combination with a halide ion. More specifically, the inorganic
salt may include potassium chloride, ammonium chloride, sodium chloride, magnesium
chloride, calcium chloride, calcium bromide, and so forth. These inorganic salts both aid
in the development of the gel, and assist in maintaining stability of the geologic formation
to which the fluid 1s exposed. These inorganic salts are useful at a concentration 1n the

25 aqueous medium from 0% to about 10% by weight, preferably from 1% to about 6%.
The concentration of the counterion or additive appears to be somewhat dependent on the
size of the molecule, and that larger molecules may be added in lower concentrations.

Specific examples ot such counter ions include chloride, bromide, methyl
sulfate, ethyl sulfate, xylene sulfonate, p-toluene sulfonate, naphthalene sulfonate,

30 hydroxynaphthalene sulfonates and carboxylates, 4-amino-5-hydroxy-1-naphthalene

12
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sulfonic acid, 2-amino-1-naphthalene sulfonic acid, 3-hydroxy-2-naphthenic acid,
ethoxylated lauryl sulfate, sulfobetaines, 5-hydroxy-1-naphthoic acid, 6-hydroxy-1-
naphthoic acid, 7-hydroxy-1-naphthoic acid, 3-hydroxy-2-naphthoic acid, 5-hydroxy-2-
naphthoic acid, 7-hydroxy-2-naphthoic acid, 1,3-dihydroxy-2-naphthoic acid, 3,4-
dichlorobenzoate, and so forth.

Preferably, at least one organic counterion will be present in the
compositions of the present invention. Although, in some preferred embodiments of the
present invention both an inorganic salt and an organic salt, or acid, are utilized together
with the quaternary ammonium cationic surfactant of the present invention. Preterably,
the organic salt utilized is from the sulfonate tamily.

The total amount of the additives present will preferably range anywhere
from about 0.1% to about 10% by weight of the total composition.

It is envisioned that the cationic surfactants of the present invention may
also be used in combination with other surfactants such as anionic, non-ionic, amphoteric
(or zwitterionic) surfactants.

To prepare the aqueous fracturing fluid of the present invention, the
viscoelastic surfactant is added to an aqueous solution in which has been dissolved at least
one water soluble inorganic salt (1.e. NaCl, KCl, NH,Cl, NH,NO,, etc.), and/or at least
one organic salt, organic acid, or alcohol, 1o provide formation stability, or to provide
selective control of the loss of particle suspension properties. As stated above, the salts
both aid in the development of the gel, and assist in maintaining stability of the geological
formation to which the fluid 1s exposed.

Standard mixing procedures known to one of skill in the art may be
employed in the present invention.

Other ingredients may also be added to the fluids of the present invention
including defoamers, fluid loss additives, breakers, demulsifiers, and so forth, as well as
other polymeric materials such as guar, guar derivatives, starch, cellulose, polyacrylates,
and so forth. Additives such as these are known to one of skill in the art.

In some instances, it may be preferable to foam the fluids of the present

invention by adding air, nitrogen, carbon dioxide, and a foaming agent.
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These gelled or thickened fluids may be referred to as viscoelastic fluids.
The term viscoelastic is commonly understood to refer to a fluid that has the capability to
partially return to its original non-disturbed torin upon release of applied stress. It 1s
believed that under the right conditions, 1.¢. concentration, counter ton, pH and so forth,
that certain surtactants form rod-like or cylindrical micelles which can entangle to form
these gelatinous, viscoelastic fluids in aqueous solutions.

The gelled or thickened fluids of the present invention may exhibit a
reversible thickening phenomenon. The fluids of the present invention may exhibit an
increase in viscosity as the temperature is increased as opposed to most flutds which
exhibit a decrease in viscosity as the temperarture is increased. Furthermore, when the
heat source is removed and the temperature decreases, the viscosity will also decrease.
This phenomena, for instance, is illustrated i Table 11 of the Examples section where the
viscosity of a high brine oil field completion fluid increases as the temperature is increased
from about 170° F to about 250° F (about 76.7° C to about 121.1° C).

The thickened fluids of the present invention find particular utility as
fracturing fluids, in compositions used in well drilling operations, for proppant and cutting
transportation to and from the fracture site, and drilling tluids. These compositions have
also found excellent utility in completion fluids. Completion fluids are often used in high
brine situations where the salt concentration (divalent salts such as CaCl,, CaBr,, ZnBr,,
and so forth) may be as high as about 30 wt-% to about 70 wt-%. Polymeric thickeners
are not as advantageously used in such high brine fluids because the polymers tend to be
incompatible in these high salt environments. The polymers often precipitate from the
solutions which can result in damage to the subterranean formation.

Fracturing of a subterranean formation involves pumping or injecting the
aqueous fluid through a wellbore and against a subterranean formation at a flow rate and
pressure sufficient to initiate and or extend a fracture into the formation. The thickened
fluid also acts as a transportation vehicle for the proppant particies. These particles are
carried to the fracture where they will remain in order to "prop" the fracture site open
after the pressure is removed and the well goes into production. Keeping the fracture

open allows for better flow of hydrocarbons {rom tne site.

14
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The gels of the present invention have excellent thermal stability of greater
than about 65° C, preferably greater than about 80° C, more preferably greater than about
00° C, even more preferably greater than about 95° C, and most preferably greater than
about 105° C. Many of the preferred surfactants have been found to have thermal

5 stability in excess of about 225° F (about 107° C), although in some instances the
surfactants exhibit thermal stability in the 275° F (about 135° C) to 300" F (about 149°
C) range. It is preferred that the compositions exhibit stability of at least about 185° F
(about 85° C) to about 230° F (about 110~ C).
The gels of the present invention exhibit excellent viscosity stability to
10 shear forces and high pressure and do not readily degrade upon exposure to high shear.
This decreases the amount of fluid lost to the formation during the fracturing process

when they are exposed to extreme pressures, and subsequently, leakoff rates for these

fluids are low.

The excellent thermal and shear stability of the thickened fluids of the

15 present invention make them particularly useful for fracturing operations where the
temperature is high and/or the fracture site has high permeability. If the viscosity of the
fluid is susceptible 1o decrease at high temperatures, more fluid can be lost to the
formation resulting in less efiiciency in the fracturing process, and more fluid lost in the
formation.

20 The gel-like structure formed by the surfactants of the present invention
may be disrupted on contact with hydrocarbon liquids, resulting in loss of viscosity. This
can be advantageous for removal of the gel from the fracture once the fracturing process
is complete and the well goes into production.

The gels of the present invention also find utility 1n other various other oil

25 field and non-oil field applications including gravel-pack applications, in acidizing
treatments, as diverting agents or lost-circulation agents, 1n pipeline drag reduction, 1n
coil-tubing operations, in drilling operations as drilling fluids, as completion fluids, as
foamed underbalance drilling fluids, and so forth.

The use of polymer-free viscoelastic gels in gravel-pack applications 1s

30 discussed in Society of Petroleum Engineers (SPE) 17168, W.L. Nehmer, "Viscoelastic

15
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Gravel-Pack Carrier Fluids," incorporated by reference herein. The gels of the present
invention provide excellent rheological properties making the especially useful in
gravel-pack treatments where the rheology of the fluid is essential to achieving a good
"pack". As opposed to polymer gels, the surtactant based gels of the present invention

5 are not as susceptible to high shear forces. Further, they are less likely to damage the
formation than those gels which utilize polymeric matenals.

The surfactants of the present invention find utility in gelled acid systems
for use 1n acidizing carbonate and dolamite tormations for prevention of loss of fluid in
the formation due to the presence of natural fissures and cracks. The systems of the

10 present invention provide a cleaner system than the polymeric based gels.

The gels of the present invention find utility as diverting agents or lost-
circulation agents which aid in preventing loss of treating tluid into the natural fissures
and cracks in the formation. Again, as opposed to polymeric gels, the gels of the present
invention impart less damage to the formation and are easier to clean out of the formation

15 upon completion of the treatment.

The gels of the present invention also find utility 1n reducing drag in
pipelines. Pipeline drag reduction 1s discussed in U.S. Patent No. 4,615,825 to Teot et al.
incorporated by reference herein. Surprisingly, the surfactants of the present invention
provide more shear stability and greater reduction in frictional forces than polymeric

20 additives. In a preferred embodiment of the present invention, a salicylate 1s utilized as
the counterion in the composition, providing excellent drag reduction.

The amount of surfactant and additive added to the aqueous fluid to
reduce the friction as 1t passes through a conduit will depend on a variety of factors
including the particular aqueous liquid, the surfactant chosen, as well as the type of

25 additive chosen. In general, the concentration of the surfactant 1s preferably from about
0.01% to about 10% by weight of the fluid, and more preterably from about 0.05% to
about 5%. The additive 1s preferably from about 0.1% to about 10% by weight of the
total composition.

The gels of the present invention find utility in both coil-tubing and drilling

30 operations which involve the circulation of the thickened fluids through wells. The

16
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primary function of the gels in this instance is to transport cuttings or other fine debris
including the filtered proppant out of the well bore. The gels of the present invention
provide excellent rheological properties for such applications, and contribute mmimally to
the friction pressure. The thickened fluids are reusable upon removal of the cuttings from

5 the fluid. These applications are discussed in U.S. Patent No. 4,735,731 to Rose et al.
incorporated by reference heren.

In drilling operations, in addition to the transportation of cuttings, the
compositions of the present invention also find utility as drilling fluids to maintain the
integrity of the wellbore and to lubricate the drill bit. Typically in these drilling

10 operations, the fluids are referred to as drilling mud.

The compositions of the present invenuon also find utility as completion
fluids for drilling operations and for work over rigs. Viscosifiers are necessary in
completion fluids in order to prevent too much water from filtering out into the porous
surface of the formation, a phenomenon reterred to in the industry as fluid loss. These

15 wviscosifiers are necessary both during the actual drilling process, and for preventing
settling of the solids later on.

The completion fluids are typically heavy brine solutions having a density
in the range of about 11 pounds per gallon (~1098 kg/m’) to about 19 pounds per gallon
(~1896 kg/m’) as compared to water which is about 8.32 Ibs/gallon. The gelants of the

20 present invention are excellent thickeners for these high salt concentration fluids. The
resultant completion fluids exhibit excellent thermal stability of at least about 250° F
(about 120° C) to about 350° F (about 177° C). For these completion fluids, a small
amount of surfactant in an amount of about 0.5 wt-% to about 4 wt-% {facilitates gel
formation. Furthermore, the use of counterions, ¢.g. inorganic salts, organic salts, organic

25 acids, alcohols, and so torth, is not necessary. However, a small amount of counterion
may be desirable. If a counterion is useq, the aesirable range 1s about 0.10% to about 5%.
The addition of the counterions can improve gel stability but the gelants of the present
invention function without the presence of such counterions.

In a particular embodiment, sodium salicylate in an amount of less than

30 about 0.2 wt-% was added 1n addition to the gelant.

17
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Non-oil field applications include applications in the mining and metal
cutting industries. The compositions of the present invention may also be used 1n the
construction industry during excavation, digging, tunneling, drilling, and so forth. They
may also be used for dust control. The compositions of the present invention may also be
used in the masonry, cement and concrete industries.

The compositions of the present invention also find use as rheology
modifiers, and may be used in household products including shampoos, detergents,
cleaning products, and so forth.

The viscoelastic surfactants of the present invention also exhibit drag

reducing properties.

EXAMPLES

KCI solution, 2% by weight, was stirred 1n a 500 ml stainless steel blender
at an rpm of 200-300. To thus solution, approxunately 4 ml (~60% by weight
concentration in ethylene glycol) of the quaternary ammonium salt
(dimethylamudopropyltrimethyl ammonium chloride) was added to the KCl
solutton(forming a 3% by weight concentration of surfactant). Witconate® SXS, xylene
sulfonate, was added (2 mi, ~40% concentrauon) and the resulting mixture was stirred for
about 5 munutes at an rpm of 2000 to 3000 (Variact set at about 25). The resultant gel
was defoamed using a sonicator and/or heating to 80°C. Rheological performance was
evaluated using a model 50 rheometer (a Fann 50 Rheometer). The results may be found
in the following tables.

The quaternary compound found in Table I has the following general

structure:

|5
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R is erucyl, (22 carbon, unsaturated fatty acid chain), R?>, R?> and R* are
each methyl, y1s 1, and X 1s chloride. This compound will be referred to hereinafter as

erucyl-DMAPA quat.
5 Preblending of the quaternary salt and the xylene sulfonate before addition

to the water appeared to delay gel formation more than adding each ingredient to the

water separately.

Example 1
10 Table 1
Rheological Performance of a Gelled Fluid
Temperature ° F Viscosity
(* C) 40 sec™ 100 sec™ 170 sec™
:
150 (65.6) 274 150 100
175 (79.4) 310 167 80 |
200 (93.3) 247 | 170 76 |
20 225 (107.2) 120 90 “
soaty | 0 | - | wm

Gel Composition: 2% KCL; 4% erucyl-DMAPA quat, 60% active (gelling
agent); 2% Witconate® SXS (40% solution) sodium xylene sulfonate available from

25 Witco Corp.

Example I illustrates the rheological performance of a viscoelastic gel of

the present invention. The gels exhibits high viscosity at low shear rates thereby
providing excellent proppant transportation and control of fluid penetration into the

formation when the fluid 1s forced at high pressure into the fracture face.
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Example 2
Table 2
Eftect of Gellant Concentration on Viscosity
Temperature ° F Viscosity (cPs) @ 100 sec™
S e 2.5% gelant 4% gelant 6% gelant

(60% active)

oo | | e
0039 e
125 (~52) 312 542

150 (~66) 150 283

10 175 (~79) 77 167 | 231

200 (~93)

225 (-107) _l-_

The gel composition contained 2% KCL, 2% Witconate® SXS (40%

!

15 solution), and erucyl-DMAPA quat gelant.

Example 2 illustrates the effect of the concentration of the gelant on the
rheological performance of the tluid. The amount of gelant may be tailored to the
physical characteristics of the geological formation such as temperature and permeability.
For instance, a fluid with a high concentration of surfactant thereby providing higher

20 wviscosity, would find utility in a high temperature formation.

o
-



CA 02384108 2002-03-06

WO 01/18147 PCT/US00/24142
Example 3
Table 3
Effect of Chain Length of R on Stability
No. of carbon atoms Group Stability
5 22 erucyl (unsaturated) | ~225°F (~107° C)

T [ e | wwere
BT S T BT
:

*Each of the compositions contained 2% KCL; 4% gelant; and 2%

Witconate® SXS.

10

Comparative Examples A and B
15 Comparative example A was composed of 2% KCL; 4% Kemamine® EX-
300 erucyl-amine gelant; and 5 lbs sodium salicylate/1000 gallons. The heat stability was
approximately 200° F (~93° C).
Comparative example B was composed of 2% KCL; 4%
erucylamidopropylamine oxide (45% active) gelant; 2% Witconate® SXS; and 1%
20 Adogen® 471. Comparative B had heat stability of <175° F (79.4° C).
Example 3 as compared to comparative examples A and B 1llustrates that
surprisingly, comparable heat stabilities are being obtained with the gelants of the present
invention as compared to commercially available gelants which are standards in the

industry, even though the chemical structures are different.

25

30
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Example 4
Table 4

Effect of Counter Ion Concentration on Gel Stability

Temp ° F Viscosity (cPs) @ 1000 sec™
i e 1% SXS 2% SXS 3% SXS 4% SXS 6% SXS
30 (~27) 300 430 360 370 -
250 310 220 200 170
230 150 150 166 105
10 | 175(~79) | 150 165 145 115 75
200 (~93) 110 170 90 90

250107) | 8¢ a S B

*The gel composition was 2% KCI; 4% erucyl-DMAPA quat gelling agent (60%

15 active); and Witconate® SXS (40% solution) varied as shown in Table 4.

Example 5
Table 5
Effect of Counter lon Concentration on Gel Stability
20 | Temp °F Viscosity (cPs) @ 1000 sec™
-
(" C) 1% 2% 3% 4% 6%
salicylate salicylate salicylate salicylate salicylate

100 (~38) 95 “ 380 300 | 350

125 (~52) 75 260 320 325 245

25 | 150 (~66) 50 215 360

275 175
175 (~79) - 160 155 165
200¢-99 | - ] us | e | w0 | e

i
INo



CA 02384108 2002-03-06
WO 01/18147 PCT/US00/24142

*The gel composition was 2% KCl; 4% erucyl-DMAPA quat gelling agent (60%

active); and the concentration of the sodium salicylate counter 10on (25% solution) varied

as shown in Table 5.

5
Example 6
Table 6
Eftect of Type of Counter Ion on Stability
10 Witconate® SXS 2% ~225°F (~107° C)
sodium xylene sulfonate
(40% solution) _'
sodium salicylate | 2% ~200° F (~93° C)
(25% solution.)
15 Witconate® 1247H ’_ 0.6% ~225°F (~107° C)
ammonium alcohol ether
sulfonate
Witco® TX Acid 5% ~210° F (~99° C)
(sodium salt, 20% soln) '
20 sodium : 4% <150° F (~65.5° C)
3-hydroxy-2-naphthanoate
sodium <150° F (~65.5° C)
2-amino-1-naphthalene
sulfonate (10% soln.)
25

*Each of the compositions in Table 6 contained 2% KCI and 4% erucyl-DMAPA
quat geltling agent (60% active). The sodium xylene sulfonate counter 1on and the
ammonium alcohol ether sulfate counter 1on produced the most stable gels, while those
counter 10ons having naphthalene groups decreased the stability of the gel. The amount of

30 counterion utilized to aid in gel formation appears to be somewhat dependent on the size
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of the counterion, and the larger the counterion, the less required.

Example 7
S Table 7
Eftect of Substitution on the Amine on the Stability of the Gel
R’ | Stability
methyl ‘ ~225° F (~ 107° C)
allyl ~200° F (~ 93° C)
10 benzyl ~150° F (~ 65.5° C)
vinyl benzyl ~150° F (~ 65.5° C)
propylsulfonate ~200° F (~ 93° C)
dihydroxypropyl L B ~210° F (~ 99° C)
15 *Each composition. contained 2% KCI; 4% erucyl-DMAPA quat gelant (60%

active), and 2% Witconate® SXS sodium xylene sulfonate counterion. R*was varied on
the erucyl-DMAPA quat gelant. The smaller alkyl groups and the hydroxyalkyl groups

appear to increase the stability of the gelled fluid.

20 Example 8
Example 8 illustrates the use of the gelant system of the present invention
for use in a completion fluid. A completion fluid brine, 100 mL, was added to a blender
fitted with a 200 mL stainless steel blender jar. Surfactant was added in amount of
4 wt-%. The resultant solution was stirred at low shear for (less than 1000 rpm) for 10
25 mnutes. A erucyl-DMAPA quat gelling agent was added and each solution was heated at
75°F (23.8° C) for 1 hour. A counterion, sodium salicylate, was added to one solution in

order to determine its effect on gel formation.
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Table 8

Completion Fluids

Brine Density (kg/m” Gel Formation/Comments Gel Stability at 121° C

(1157) *0.1875 wt-% sodium
11.6 Ibs/gallon

not measured

salicylate counterion

(1507) | gel formed when heat was stable

15.1 Ibs/gallon applied at 75° F for | hour

(1716) stable

17.2 lbs/gallon

gel formed rapidly at

room temperature

(1916) gel formed at stable

19.2 lbs/gallon

room temperature

*The gel composition was 4% gelant (~2% active).

It can be noted that the gel formation time can be reduced for fluids less
than 16 ppg when a counterion such as sodium salicylates are added. However,
counterions are not necessary for the compositions of the present invention. For the gels
which formed at room temperature, gel thickness could be increased with the addition of
heat. In many instances, this is reversible.

The rheological performance of the completion fluid brine prepared with
the completion fluid having a density of 19.2 Ibs/gallon was determined. The viscosity
was measured using a Fann 50 modified rheometer with a R1BS5 configuration. The

results are shown in Table 9 below.
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°F (° C)
76 (~24)

visc (@

1 sec™

P

5 20237

11

0.293
0.282

Table ©
I K(ind) K'slot
0.3868 | 0.459%

0.38338

0.4564

CA 02384108 2002-03-06

R2

0.94]
0.992
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Calculated Viscosity (cP) @

40 sec”

343
803

1622
1549

583
5438

 0.3838 | 04564 | 0992
-—

-—
170 (~ 77) 4495 | 0480 | 0.0871 | 0.1010 | 0974 | 710
150 1195 (=90.5)| 2450 | 0508 | 0.0476 | 0.0545 | 0.956 | 427 272 210
10{ 179 | 221 (105) | 2154 | 0390 | 0.0414 | 0.0487 | 0942 | 246 141 102
199 |245(~118) | 2421 | 0250 | 0.045% | 0.0544 | 0.902 | 164 82 55

The rheological performance of the completion fluid brine prepared with
15 the brine solution having a density of 17.2 Ibs/gallon was determined. The results are

shown in the following Table 10.

Table 10
Time emp visc @' K (1ind) K'slot R* Calculated Viscosity (¢cP) @
isec

iy PFeoy [ 1 11 b hosee |100sec” |170sec
76 (~24) 16900 0466 [0.1337  [0.1554  [0.996  [1039 637 480

05 (35) 16597 10474  [0.1280  [0.1485  [0.955  [1023 _
120 (~49)
18889

25 736

195 (90.5) 18194 . | |
721 (105) | 2474 0. |
617

30 The rheological performance of the completion fluid brine prepared with

the brine solution having a density of 15.1 was determined. The results are shown in the

following Tables 11 and 12. The viscosity data found in Table 11 was determined using a

Fann 50 rheomerter.
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Table 11

(viscosity measured using a Fann 50 Rheometer)

Time Temp Visc («, I’ K(ind) K'slot R? iCalculated Viscosity (cP) @
] sec™
°F (° C) ! 40 sec™ 170sec
5 - 261 | 184
96 (35. 5) 4989 0.319 | 0.094% 0.1126 0.957 438 233 163
65 121 (~49) | 5010 0.286 | 0.0950 0.1129 0.965 388 202 138
O3 145 (~62) | 4991 0.272 0.0945 0.1124 0.966 367 188 1238
118 t 171 (=77) | 2812 0.42> 0.0542 0.0635 0.951] 363 215 159
10] 139 {195(90.5) 4244 U412 | 0.0381% U.0961 0.965 525 306 224
166 (220 (~104)] 9391 0.239 U.1785 0.2120 0.916 660 333 226
186 1245 (~118) 11322 | 0.289 | 02134 | 0.256] 0.917 890 464 318
15 The viscosity data found 1n the foliowing Table 12 was determuned using a

Constten & Associates Reciprocating Capillary Viscometer (RCV). The viscous
properties are determined by displacing tluids at selected shear rates through a calibrated
section of tubing. Flow direction 1s reversed at 1/5 of the tubing volume 1n order to
maintain the fluid under shear tor the entire test. Tubing and displacement accumulators

20 are maintained ar preselected temperatures in an oil bath. The entire system is pressurized
at 200 psi. The shear rates are ramped at each temperature over about a 25 muinute
interval at rates of 3.4, 5.1, 6.8, 12.9. 25 and 30 sec™. The temperature is then raised and
the shear rate is maintained at 97 sec™ while the temperature is equilibrating between

ramping intervals. The fluid parameters n and K were determined using a Power Law

25 Model

——— e [ —— -



WO 01/18147

10

15

Ramp Temp n

OF(O C)

100 (~38) | 0.420
125 (~52) | 0.375 | 0.059

150 (65.5) | 0.294
175 (~79) | 0.396
200 (~93) | 0.380
225 (~107) | 0.330

CA 02384108 2002-03-06

Table 12
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(viscosity measured using an RCV)

K (ind)

> 0.458 0.061 0.071 0.910
0.055 0.065 0.995

0.069

0.039
0.096

0.181

0.070 | 0.992
0.082 | 0.984
0.046 | 0.870
0214 | 0.992

250 (~121) | 0.429
275(135) | 0.427 | 0.074

K' slot

1

R2

0.087

0.977

Calculated Viscosity (cPs) @

1 sec! | 40 sec? | 100sec™

3420 464 282

3091 364 214

3345 334 188

3909 289 151

136

2195 236
>1

0046 | 1100
4175

The rheological performance of the 19.2 Ib/gallon density completion fluid

found 1n the following Table 13.

brine was measured with a Brook field viscometer (;

+2 Disc at 0.3 rpm). The results are

As can be noted from the viscosity data, in particular the data collected

20 from 118 minutes to 186 minutes, the viscosity increased with an increase in temperature.

25

30

Table 13

Ap———.

Temperature

122°F (50° C)

14
14

0°F (60° C)
9°F (65° C)

158°F (70° C)
167°F (75° C)
176°F (80° C)

__ﬁ.’_m_

High i/iscosity (Cps)

100,000
36,000
29.000
25.000
23.000
17.000

28

In contrast, most fluids exhibit a decrease 1n viscosity with increasing temperature.

Low Viscosity

(cps)
100,000
16,000
19,000

6,000

8,300

2.500
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The completion fluid brine having a density of 15.1 lbs/gallon was tested
for settling using the barite. The concentration of the erucyl-DMAPA quat was varied
from 1% to 4%. The gelled fluid was mixed with the barite (37 grams per 150 mL of gel)

in a covered graduated cylinder, and the amount of settling was observed at 100° C. The

5 results are found 1n the following Table 14.

Table 14
Erucyl-DMAPA quat concentration' % Settling
4 wt-% (60% active) none
10 2 wt-% (60% active) <1%
1 wt-% (60% active) <2%

T'he results tound mn Table 13 indicarte that the amount of settling improves

as the amount of the gelant of the present invention 1s increased from 1 wt-% to 4 wt-%.

15
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CLAIMS

1. An aqueous based fluid useful in oil field applications comprising:
a) an aqueous medium;

b) at least one cationic surfactant having the following general structure:

2
R .
C X
+ 3
R——N R
.
R

wherein R' is alkyl amine alkylene or alkyl amido alkylene; R* and R’ are
each alkyl, hydroxy alkyl, polyalkoxy with the degree of polymerization
ranging from 2 to 30, hydroxyl alkyl sulfonate, alkyl sulfonate or
alkylarylsulfonate; R*is hydrocarbon, saturated or unsaturated; and X is
selected from the group consisting of halides; oxo ions of phosphorous, sulfur
or chloride, and organic anions; and

b) at least one additive selected from the group consisting of inorganic salts,

organic salts, organic acids, alcohols, and mixtures thereof.

2. The’aqueous based fluid of Claim 1 wherein additive is selected from the

group consisting of sulfates, sulfonates and salicylates.

3. The aqueous based fluid of Claim 2 wherein said additive comprises at least

one aromatic group.

4, The aqueous based fluid of Claim 1 wherein the additive is an aromatic
sulfonate.
5. The aqueous based fluid of Claim 1 wherein said fluid comprises from about

0.1% to about 5% by weight of the additive.
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The aqueous based fluid of Claim 1 wherein said cationic surfactant has the

following general structure:

wherein R is saturated or unsaturated alkyl and y is an integer from 0 to 12.

The aqueous based fluid of Claim 6 wherein R has from about 6 to 26 carbon

atoms.

The aqueous based fluid of Claim 6 wherein R has from about 12 to 22 carbon

atoms.

The aqueous based fluid of Claim 6 wherein R is norerucyl.

The aqueous based fluid of Claim 6 wherein y is 1.

The aqueous based fluid of Claim 1 wherein said cationic surfactant is

isostearylamidopropylmorpholine lactate.

The aqueous based fluid of Claim 1, wherein said surfactant is present in said

fluid at a concentration of about 0.5 % to about 10 % by weight of said fluid.

The aqueous based fluid of Claim 1 wherein said fluid has thermal stability of

greater than 85 °C.
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The aqueous based fluid of Claim 1 in combination with a brine liquid

comprising from about 30 wt-% to about 70 wt-% salt.

A method of fracturing a subterranean formation comprising the steps of

I) providing a thickened aqueous based hydraulic fracturing fluid, comprising:

a) an aqueous medium; and
b) at least one gelling agent having the following general structure:
2
R .
| X
1 + 3
R—N—R
.
R

wherein R' is alkylarnine alkene or alkyl amidoalkene, R* and R’ are
each alkyl, hydroxy alkyl, polyalkoxy with the degree of
polymerization ranging from 2 to 30, hydroxyl alkyl sulfonate, alkyl
sulfonate or alkylarylsulfonate; R* is hydrocarbon, saturated or
unsaturated; and X 1s selected from the group consisting of halides;
oxo 1ons of phosphorous, sulfur or chloride, and organic anions; and

C) at least one additive selected from the group consisting of organic salts,
inorganic salts, organic acids, alcohols, and mixtures thereof, and

II) pumping the aqueous fracturing fluid through a wellbore and into a

subterranean formation at a pressure sufficient to fracture the formation.

The method of Claim 15 wherein said fracturing, fluid comprises at least one

additive selected from the group consisting of organic acids and organic salts.

The method of Claim 15 wherein the additive is selected from the group

consisting of sulfates, sulfonates and salicylates.

The method of Claim 16 wherein said additive comprises at least one aromatic

group.
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The method of Claim 16 wherein said additive 1s an aromatic sulfonate.

The method of Claim 15 wherein said gel has a thermal stability up to

temperatures of about 110 °C.

The method of Claim 15 wherein said fracturing fluid has thermal stability of
greater than 90 °C.

The method of Claim 15 wherein said fracturing fluid comprises from about

0.05% to about 10% by weight of said gelling agent.

A method of suspending particles in a thickened aqueous liquid the method
comprising the steps of:
D) providing an aqueous medium; and
IT) adding to said aqueous medium, at least one surfactant and at least one
additive selected from the group consisting of organic salts, inorganic
salts, organic acids, alcohols, and mixtures thereof, sufficient to
increase the viscosity of said aqueous medium wherein said cationic

surfactant has the following general structure:

2
R .

1 |+X 3
R—N—R
’

R

wherein R! is alkylamine alkene or alkyl amidoalkene, R* and R’ are each
alkyl, hydroxy alkyl, polyalkoxy with the degree of polymerization ranging
from 2 to 30, hydroxyl alkyl sulfonate, alkyl sulfonate or alkylarylsulfonate,
R* is hydrocarbon, saturated or unsaturated; and X is selected from the group

consisting of halides; oxo ions of phosphorous, sulfur or chloride; and organic

anions,
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wherein said aqueous liquid is sufficiently thickened to suspend solid

particulate matter.

The method of Claim 23 further comprising transporting the suspension of

said solid particulate matter in said aqueous liquid to a remote location.

The method of Claim 23 wherein said solid particulate matter is selected from

the group consisting of cuttings and proppants.

A use of the method of Claim 23 in a well drilling operation.
A use of the method of Claim 23 in a coil-tubing operation.
A use of the method of Claim 23 in a construction operation.

A use of the method of Claim 23 in a mining operation.

A method of reducing the friction exhibited by an aqueous liquid during flow

through a conduit comprising the steps of:
a) providing an aqueous medium;
b) contacting said aqueous medium with a friction reducing amount of a

viscoelastic surfactant having the following general structure:

R O
RZ v.
\]/ \\_R

T A
Y R®

wherein R is saturated or unsaturated alkyl and y is an integer from 0
to 12, and an additive selected from the group consisting of inorganic
salts, organic salts, organic acids, alcohols, and mixtures thereof, and

c) passing, said aqueous fluid through said conduit;
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wherein said viscoelastic surfactant and said additive are present in an amount
capable of reducing the friction exhibited by said aqueous liquid as said

aqueous liquid passes through said conduit.

Wherein R%, R>, R* and X are defined in Claim 1.

An oil field high brine completion fluid comprising:
a) about 30 wt-% to about 70 wt-% of at least one inorganic or organic

salt; and

b) about 0.1 wt-% to about 4 wt-% of at least one cationic surfactant

having the following general structure:

32.

33.

34.

2

R .
l X
1 + 3
R—N R
.
R

wherein R' is alkyl amine alkylene or alkyl amido alkylene; R’ and R’ are
each alkyl, hydroxy alkyl, polyalkoxy with the degree of polymerization
ranging from 2 to 30, hydroxyl alkyl sulfonate, alkyl sultonate or
alkylarylsulfonate; R* is hydrocarbon, saturated or unsaturated; and X is
selected from the group consisting of halides; oxo ions of phosphorous, sulfur

or chloride and organic anions.

The fluid of Claim 31 further comprising at least one additive selected from
the group consisting of inorganic salts, organic salts, organic acids, alcohols,

and mixtures thereof

The fluid of Claim 31 wherein the viscosity of said fluid increases when the

temperature is increased and decreases when the temperature is decreased.
The method of claim 15 wherein said gelling agent 1s erucyl

amidopropyltrimethyl ammonium quaternary salt, and said additive is sodium

xylene sulfonate.
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35.  The method of claim 23 wherein said surfactant is erucyl
amidopropyltrimethyl ammonium quaternary salt, and said additive is sodium

xylene sulfonate.

36.  The high brine completion fluid of claim 31 wherein said cationic surfactant is
erucyl amidopropyltrimethyl ammonium quaternary salt, and said additive is

sodium xylene sulfonate.

37.  The aqueous based fluid of claim 1 wherein X- is selected from the group
consisting of chlorides, bromides, iodides, oxides of phosphorous,
hypochlorides, phosphates, phosphates, oxides of sulfur, sulfates, sulfites,
sulfonates, phosphates, acetates, carboxylates, chlorates, perchlorates,
salicylates, phthalates, lactates, maleates, glycinates, citrates, citric acid, lactic
acid, salicylic acid, phthalic acid, benzoic acid, naphthoic acid, amino acids,

and mixtures thereof.

38.  The method of claim 15 wherein X- is selected from the group consisting of
chlorides, bromides, 10dides, oxides of phosphorous, hypochiorides,
phosphates, phosphates, oxides of sulfur, sulfates, sulfites, sulfonates,
phosphates, acetates, carboxylates, chlorates, perchlorates, salicylates,
phthalates, lactates, maleates, glycinates, citrates, citric acid, lactic acid,
salicylic acid, phthalic acid, benzoic acid, naphthoic acid, amino acids, and

mixtures thereof.

39.  The method of claim 23 wherein X- 1s selected from the group consisting of
chlorides, bromides, iodides, oxides of phosphorous, hypochlorides,
phosphates, phosphates, oxides of sulfur, sulfates, sulfites, sulfonates,
phosphates, acetates, carboxylates, chlorates, perchlorates, salicylates,
phthalates, lactates, maleates, glycinates, citrates, citric acid, lactic acid,
salicylic acid, phthalic acid, benzoic acid, naphthoic acid, amino acids, and

mixtures thereof.
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The high brine completion fluid of claim 31 wherein X- is selected from the
group consisting of chlorides, bromides, iodides, oxides of phosphorous,
hypochlorides, phosphates, phosphates, oxides of sulfur, sulfates, sulfites,
sulfonates, phosphates, acetates, carboxylates, chlorates, perchlorates,
salicylates, phthalates, lactates, maleates, glycinates, citrates, citric acid, lactic
acid, salicylic acid, phthalic acid, benzoic acid, naphthoic acid, amino acids,

and mixtures thereof.
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