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ENHANCED FOAM STABILITY APPLICATIONS AND METHODS

Field of Invention

This invention relates to use of foam stabilizers in aqueous systems and, more
particularly, use of foam stabilizers in enhancing mobility control during oil recovery
aperations.

Background of the Invention

Fractured reservoirs containing oil generally consist of two distinct elements: a
fracture network and a matrix (for example, a micro porous matrix). The fracture
network is a series of interconnected cracks that can transmit fluids easily (very high
permeability), but make up only a small fraction of the total porasity. The matrix portion
consists of the oil-bearing porous rock that typically exhibits much lower permeability
than the fracture network but has the bulk of the total porosity of the reservoir.
Hydrocarbon preduction is normally less efficient in fractured reservoirs. During primary
production, the natural reservoir pressures to produce the oil in place quickly decreases,
leaving roughly more than 90% of the original oil still left in place, trapped in mostly the
matrix (including, for example, micro porous network). Similarly, conventional methods

of secondary recovery fail to displace substantial volumes of “left-in-place” oil:

, Conventional waterflooding techniques exhibit relatively low efficiency in highly
fractured reservoirs. Waterflooding in these reservoirs is characterized by early water
breakthrough and rapidly increasing water-oil ratios to an uneconomic level. The
injected water tends to travel only through the fractures and not interact with the oil
trapped in rock matrix (e.g., micro porous). The injected water cannot penetrate into the
matrix and thereby displace and recover oil trapped in the porous matrix. ‘The injected
water tends to recover only the oil left behind in the fracture system following primary
production. The limited or nonexistent interaction of the injected water with the oil

_trapped in the matrix is caused also in part by the matrix portion not being water-wet.

~ The matrix will not spontaneously imbibe or take in water. This is largely due to the

mobility-tendency of water into high permeability zones and not the low permeability

INCORPORATED BY REFERENCE (RULE 20.6)
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zones (that has most of the oll trapped).

One approach to increase the penetration of a water phase with the oil trapped
matrix zones has been to add a surfactant to the water to modify the wettability of the
carbonate from oll wet to water wet. Previous research and field experience has
demonstrated that including a low concentration of the properly selected surfactant to
the water will reduce the interfacial tension and also create now a water-wet condition in
the area near the fracture face. With this altered condition, the aqueous phase then
penetrates some distance into the porous matrix and thereby pushes out some of the oil
that was within the pore spaces. In this countercurrent imbibition process, the oil that is
displaced from the matrix then moves into the fracture system. Once pushed into the
fracture system, the oil can be moved easily to a production well. Ina countercurrént
imbibition process, with or without the addition of a water-wetting surfactant, the rate of
oil recovery is dependent upon the capillary pressure characteristics of the porous rock
matrix. That is, the imbibition process is essentially unaffected by conventional

techniques for controlling field operations, such as selecting pressures and flow rates.

Techniques for using surfactants in oil recovery in carbonate formation are
disclosed by G. Hirasaki and D. L. Zhang in "Surface Chemistry of Oil Recovery from
Fractured, Oil-Wet Carbonate Formations” (2000); by Austad and Standes in
"Spontaneous Imbibition of Water into Qil-Wet Carbonates®, Journal of Petroleum
Science and Engineering, vol. 39, pp. 363-376, (2003); by W. W. Weiss in "Artificial
Intelligence Used to Evaluate 23 Single-Well Surfactant Soak Treatments”, SPE
Reservoir Evaluation & Engineering , June 2008; U.S. Patent Nos. 2,792,894,
4,364,431 4,842 065; 5,247,993; and U.S. Published Patent Application No.

© 2007/0215347 A1

Another approach is to use gas flooding techniques such air, COz2. natural gas
flooding, or any combination thereof, which s a form of enhanced oil recovery (EOR).
Generally, CO2 EOR is where CO29as is pumped/injected into an injection or prbduction
well to an underground formation (e.g., fracturing reservoir) and, under certain physical
conditions, miscibly mixes with trapped or left-in-place oil. This allows the left-in-place
oil o become more easily displaced into the high permeability zones and recovered.

INCORPORATED BY REFERENCE (RULE 20.6)
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The COz, at high pressure and reservoir temperature, miscibly mixes with the oil to form

~ alow viscosity fluid that can be more’ee_xsily mobilized. Additionally, CO, has the
" capability of invading zones not previously invaded by water, as well as releasing and

reducing trapped oil. The mixed residual oil and gas can also be displaced by a chase
phase, for example, with water in a WAG (Water Alternating Gas) process.

Nitrogen and flue gas flooding (non-hydrocarbon gasses) can likewise be utilized.
Nitrogen, however, has a low viscosity, poor miscibility with oil, and requires amuch
higher pressure to generate or develop miscibility as compared with CO; flooding. As
such, nitrogen and flue gas flooding are generalily utilized as a “chase gas” in
hydrocarbon-miscible and CO; gas flooding (i.e., nitrogen or other low-cost gasses
being used to provide a gas drivé whereby a significant portion of the reservoir volume
is filled with such gass(es)). However, while nifrogen ¢an be used as a chase gas, it is

- understood that nitragen and/or flue gas can be utilized in any gas floading technique

described herein.

As explained above, a fractured reservoir is extremely heterogeneous and has
zones of high permeability in close proximity to zones of low permeability. Thus, CO2
and similar gas flooding techniques--analogous to some water flooding techniques--
suffer from the tendency of the injected gas to sweep oil from only a limited area of the
reservoir, i.e., from zones of high permeability. This occurs in part because the
viscasity of COz at reservoir conditions is much lower than that of most ails, this will limit
the sweep efficiency of the displacement and, therefore, oil recovery

Thus, an approach to increase the penetration of a gas within the matrix blocks
containing trapped oil has been to inject foam under pressufe into the oil-bearing
formation. The foam is generally formed by aeration of a mixture of surfactant and
water. The foams having high apparent and increased viscosity will reduce the mobility
of the water/surfactant solutions into the large fractures or high permeability zones
effectively closing them'off and/or providing a barrier to entry. With the altered
condition, a subsequently introduced gas (such as CO2, natural gas) is diverted and/or
able to penetrate into the low permeability porous matrix. In some particular

embodiments, the reservoir is not a fractured reservoir, but an oil-bearing reservoir

INCORPORATED BY REFERENCE (RULE 20.6)
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having naturally occurring zones of high permeability and naturally occusring low zones

of permeability.

A problem with the use of foams in gas mobility control, however, is the
inherently short life of the foams. For example, in oilfield applications, the foams
dissipate relatively quickly diminishing the effectiveness in blocking the high permeable
large fractures and any enhancement in oil recovery. It would be desirable to have a
method for enhancing the stability of foam in aqueous applications such as in oilfield

applications.

Summary of the Invention

It has been discovered that the use of the foam stabilizers and/or surfactants
described hereln significantly improve the performance in ollfield treatment fluids or
applications, in particular, mobility control in gas flooding.

The problem of foam stability in same cases has been addressed by the use of
both synthetic and natural polymers; but the use of such polymers face drawbacks. For
example, due to their high molecular weights, these polymers are difficult to formulate
into surfactant formulations. Their poor hydration and dispersibility, incompatibility of
polymers (namely, cationic) with frequently used anionic surfactants, high sensitivity to
concentration versus performance in foaming contributes to difficulty in using these
polymers as additives in enhancing foaming in agueous foamed solutions. Even when
ideally formulated these polymers are still limited by the foam expansion due mostly to
their poor diffusion rateé fo the interfaces creating the foam.

In one aspect, described herein is & method for enhancing recovery of ail from an
oil-bearing formation within a reservoir, comprising: (a) introducing a foaming
composition under pressure into the oil-bearing formation; (b) introducing a gas under
pressure into the oil-bearing formation, wherein the presence of the foaming
composition affects the flow of gas within the oil-bearing formation and (c) extracting oil
throUgh a wellbore into the reservair. The foaming composition can comprise a foam
stabilizer. The foam stabilizer can be alkyl dimethyl betaine, alkyl amidopropyl hydroxy
sulfobetaine or alkyl hydroxy sulfobetaine or any combination thereof, wherein the alkyl

INCORPORATED BY REFERENCE (RULE 20.6)
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group has greater than 10 carbon atoms, or 12 carbon atoms, or in another
embodiment, 16 carbon atoms. In other embhodiments, the foaming composition can

4optionally comprise a foaming gas. In other embodiments, the foaming composition can

comprise water. In other embodiments, the foaming composition can comprise any one
or a combination selected from a foaming gas, water or one or more surfactants or
additional surfactants. In some embodiments, the components of the foaming
composition.are mixed prior to being iﬁtroduced into the reservoir or oil-forming
formation. In other embodiments, one or more components of the foaming composition
are injected into the oil-bearing formation at different times (e.g., sequentially) and thus

become mixed down-hole.

In another aspect, described herein are methods for enhancing recovery of oil
from an oil-bearing formation within a reservoir, comprising: (a) introducing a foéming _
composition under pressure into the oil-bearing formation; (b) introducing a gas under
pressure into the oil-bearing formation, wherein the presence of the foaming
composition affects the flow of gas within the oil-bearing formation and (c) extracting oil
through a welibore into the reservoir, wherein the foaming composition comprises a

foam stabilizer having formula (l):

Ry Rs o
R1\r!r \\s O
Rs/ \\\\0
R4 Rg {0,

 wherein R4 is an alkylamido group or a linear or branched alkyl group; Rz and R3
are lndlwdually hydrogen, a methyl group or a hydroxyethyl group; Rq, Rs and Rg are
individually hydrogen or a hydroxy group, with the proviso that at least one of R4, Rs or
Rg is a hydroxyl group, wherein the alkyl group has greater than about 10 carbon atoms.
In one embodiment, the alkyl group has greater than about 11, 12 or 13 carbon atoms.
In another embodiment, the alkyl group has greater than about 14 or 16 carbon atoms.

INCORPORATED BY REFERENCE (RULE 20.6)
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In one embodiment, the alkylamido group has formula (l):

0

A

wherein Ryis a linear or branched alkyl group having greater than about 10

(I,

carbon atoms, wherein n is an integer from 2 to 5. In one embodiment, “n” is an integer

of 3, and in another embodiment “n” is an integer of 4.

[n one embodiment, the foam stabilizer is of formula (1)

X OH
+

R1\T 0\\ o
RS/”\/k/f\/

o (m),

wherein Ry is an alkylamido group or a linear or branched alkyl group; Rz and R3
are individually hydrogen or a methyl group; wherein the alkyl group has greater than
about 12 carbon atoms. The gas is chosen from carbon dioxide, air, nitrogen, steam,
flue gas or any combination thereof. In some embodiments, introducing the foaming
composition into an oil bearing formation means that some of the foaming composition
is Introduced or placed into one or more high permeability zones located within the oil
bearing formation. In one embodiment, the step of introducing the gas into an oil
bearing formation includes diverting or flowing the gas into one or more low permeability
zones located within the oil bearing formation, as the foaming composition placed (or
introduced) into one or more high permeability zone prevents the gas from entering
such zone. This in turn can force the gas into one or more low permeability zones.

In yet another aspect, described herein are methods to enhance foam stability in
an aqueous foaming composition, comprising the step of adding to such foaming
composition'a foam stabilizer of formula (I)

INCORPORATED BY REFERENCE (RULE 20.6)



WO 2012/158489 PCT/US2012/037442

R, Rs o
R1\rl|+ \\s /o
Ry N\
0
Rq4 Rg (|)'
5 wherein Ry is an alkylamido group or a branched or linear alkyl group; Rz and Rs

are individually hydrogen or a methyl group; Rs, Rs and Ry are individually hydrogen or
a hydroxy group, with the proviso that at least one of Ry, Rs or Rg is a hydroxyl group;
wherein the alkyl group has greater than about 10 carbon atoms. The alkylamido group
can be of formula (11) (above) wherein R; is a linear or branched alkyl group having

10 greater than about 10 carbon atoms, wherein “n" is an intéger from 2 to 5.

In one embodiment, the foam stabilizer is of formula (il1)

Ry OH

N \_°
S X

0 (I,

15 wherein Ry is an alkylamido group or a linear or branched alkyl group; R, and R3
are individually hydrogen or a methyl group; wherein the alkyl group has greater than

about 12 carbon atoms.

In yet another aspect, described herein are methods to enhance foam stability in
aqueous foaming compositions, comprising the step of adding to a foaming composition
20 afoam stabilizer selected from alkyl dimethyl betaine, alkyl amidopropyl hydroxy
sulfobetaine, alkyl hydroxy sulfobetaine or any combination thereof, wherein the alkyl
group has greater than 10 carbon atoms. The aqueous foaming composition can be
part of an oil field treatment fluid.

INCORPORATED BY REFERENCE (RULE 20.6)
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Described herein are foam stabilizers of surfactants that are found to boost the
foam, foam expansion ratio and foam stability, within a wider raﬁge of concentrations, .
as well as impart other benefits to aqueous formulations. Due to much lower molecular
weights compared to traditionally-utilized polymers, the surfactants described herein are

easily incorporated into foaming solutions. In one embodiment, certain

amphoteric/zwitterionic surfactants are compatible with (foaming) anionic surfactants
used in most of the formulations used for generating foams.

Detailed Description of the Disclosure

As used herein, the term "alkyl" means a monovalent saturated straight chaln or
branched ‘hydrocarbon radical, typically a monovalent saturated (C1-G20) hydrocarbon
radical, such as for example, mefhyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, t-
butyl, pentyl, or n-hexyl, which may optionally be substituted on one or more of the
carbon atoms of the radical. In one embodiment, an alkyl radical is substituted on one
or more carbon atoms of the radical with hydroxy, alkoxy, amino, halo, cafboxy, or
phosphono, such as, for example, hydraxymethyl hydroxyethyl, methoxymethyl,
ethoxymethyl, isopropoxyethyl, aminomethyl, chloromethyl or trichloromethyl,
carboxyethyl, or phosphonomethyl. The term "alkyl" can also means an unsatdrated

‘straight chain, branched chain, or cyclic hydrocarbon radical that contains one or more

carbon-carbon double bonds, such as, for example, ethenyl, 1—propenyl, or 2-propenyl,
which may optionally be substituted on one or more of the carbon atoms of the radical.

As used herein, the term "alkoxyl" means an oxy radical that is substituted with
an alkyl group, such as for example, methoxyl, ethoxyl, propoxyl, isopropoxyl, or
butoxyl, which may optionally be further substituted on one or more of the carbon atoms

of the radical.

As used herein, the temn "cylcoalkyl" means a saturated cyclic hydrocarbon
radical, typically a (C1-C18) saturated cyclic hydrocarbon radical, such as, for example,
cyclohexyl or cyclooctyl, which may optionally be substituted on one or more of the

carbon atoms of the radical.

INCORPORATED BY REFERENCE (RULE 20.6)
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As used herein, the term "aryl" means a monovalent unsaturated hydrocarbon
radical cqntaining one or more six-membered carbon rings in which the unsaturation
may be represented by three conjugated double bonds, such as for example, phenyl,
naphthyl, anthryl, phenanthryl, or biphenyl, which may optionally be substituted one or
more of carbons of the ring. [n one embodiment, an aryl radical is substituted on one or
more carbon atoms of the radical with hydroxy, alkyl, halo, haloalkyl, or amino, such as,
for example, methylphenyl, dimethylphenyl, hydroxyphenyl chlorophenyl
trichloromethylphenyl, or aminophenyl.

As used herein, the term "aralkyl" means an alkyl group substituted with one or
more aryl groups, such as, for example, phenylmethyl, phenylethyl, or triphenylmethyl,
which may optionally be further substituted on one or mare of the carbon atoms of the

radical.

As used herein, the term "alkaryl" means an aryl group substituted with one or
more alkyl groups, such as, for example, methylphenyl, dimethylphenyl, or
trimethylphenyl, which may optionally be further substituted on one or more of the

carbon atoms of the radical.

As used herein, the indication that a radical may be "optionally substituted"” or
"optionally further substituted" means, in general, that is unless further limited, either
explicitly or by the context of such reference, that such radical may he substituted with
one or more inorganic or organic substituent groups, such as, for example, alkyl, aryl,
aralkyl, alkaryl, a hetero atom, or heterocyclyl, or with one or more functional groups
that are capable of coordinating to metal ions, such as hydroxyl, carbonyl, carboxyl,
amina, imino, amido, phosphonic acid, sulphonic acid, or arsehate, ar inorganic and
organic esters thereof, such as, for example, sulphate or phosphate, or salts thereof.

As us_ed herein, the terminology "(Cx-Cy)" in reference to an organic group,
wherein x and y are each integers, indicates that the group may contain from x carbon

atoms to y carbon atoms per group.

INCORPORATED BY REFERENCE (RULE 20.6)
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As used: herein, the term “mobility control” is to be interpreted in its broadest
sense and is also meant to include a process where the sweep efficiency of a reservoir

or ail-bearing formation is improved.

In one aspect, described herein are methods to enhance foam stability in an
aqueous foaming composition, comprising the step of adding to the aqueous foaming
composition a foam stabilizer. In one éspect, described herein are methods for
enhancing recovery of oll from an oil-bearing formation within a reservoir, comprising
introducing a foaming composition into an oil-bearing formation; introducing a gas under

_pressure into the oil-bearing formation; and extracting oil through a wellbore in the

reservoir, wherein the foaming composition infroduced in the oil-bearing formation
aﬁebts or diverts the flow of gas to low permeability zones of the oil-bearing formation.
In one embodiment, the use of thé foaming compositions described herein is used as in
mobility control. ' '

In one embodiment, the foaming composition comprises water and a foam
stabilizer as described herein. In another embodiment, the foaming composition
comprises water and a foaming gas. The foaming gas can be any gas that imparts
foaming properties to the foaming composition such as nitragen, air, carbon dioxide,
steam, natural gas or any combination thereof. It is understood that the foaming
composition can comprise other components, including for example one or more
surfactants. The surfactants are typically one or more non-ionic surfactants, one or
more cationic surfactants, one or more amphoteric surfactants, one or more zwitterionic
surfactants, one or more anianic surfactants or any combination thereof; Inone
particular embodiment, the foaming composition is comprised of the foam stabilizer,
water and at least one anionic surfactant utilized as a foaming agent. In one
embodiment, the anionic surfactant is an alkyl olefin sulfonate.

In one embodiment, the foaming composition can be or be part of any industrial
or commercially utilized foam including but is not limited to fire fighting foams, foam
cleaners, industrial foams, agricultural foams, foams used in home and personal care
products. '

10
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In another aspect, described herein are methods to enhance the recovery of oil
from an oilbearing formation by utilizing a foam stabilizer. In one embodiment, the
foam stabilizer described herein increases foam stability of an oil well treatment fluid, In
another embodiment, the foam stabilizer described hérein increases foam stability of a

5 foaming composition, which foaming composition can be utilized as part of an oil well
treatment fluid. The foaming composition can also be utilized in conjunction with an oil

well treatment fluid in @ multi-step process to recover oil from a formation.

The foam stabilizer can be part of a package (e.g., surfactant package)
introduced into the formation by itself or with another fiuid or fluid compositioh, for
10 example, the foaming composition or the oil well treatment fluid.

In one embodiment, described herein are method to enhance the recovery of oll
from an oil-bearing formation comprising the step of adding to aqueous foaming
- composition or oil well treatment fluid (or both) a foam stabilizer. In one embodiment,
the foam stabilizer is of formula,(I):

15
R, Rs o
Rinee | o \\ P -
N S
e \
R (.

.R4 can be an alkylamido group in one embodiment. In another embodiment, R,
20 comprises a branched or linear alkyl group. Typically, the branched or linear alkyl group
is a carbon group of greater than about 8, more typically greater than about 10, even
more 'typically greater than 12, and more typically greater than 16. In other
embadiments, the branched or linear alkyl group is a carbon group of greater than 13 or
greater than 14.

11
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In one embodiment, the linear or branched alkyl group is a C1-C24 alkyl group, in
another embodiment, a Cy2-Cy; alkyl group, in yet another embodiment, a C44-Cy; alky!
group, and in yet another embadiment, a C45-Cqg alkyl group.

Rz and R; are individually hydrogen, a methyl group or hydroxyethyl group. In
5 one embodiment, R, and Rz are both methyl groups.

R4, Rs and Rg are individually hydrogen or a hydroxy group, with the proviso that
at least one of R4, Rs or Rg Is a hydroxyl group. In one particular embodiment, Rs is a
hydroxyl group, and R4 and Rg are both hydragen. In such particular embodiment, the
structure has formula (lll):

Ro OH

10 0 (
wherein Ry, Rz and Rj, are the same as stated above.'

in one embodiment, the alkylamido group has formula (II):

A

i .
15 ,
wherein Ry is a linear or branched alkyl group having greater than about 10
carbon atoms. The branched or linear alkyl group can have a carbon group greater
than about 12, or in another embodiment a carbon group of greater than about 13, or
greater than 14, or greater than 15. In other embodiments, the branched or linear alkyl |
20 group is a carbon group of greater than 16 or greater than 20. In one embodiment, the
linear or branched alkyl group is a C10-Ca24 alkyl group, in another embodiment, a Cq2-
Ca2 alk;}l group, in yet another embodiment, a C14-Cy alkyl group, and in yet another
embodiment, a C¢-Cys alkyl group. '

12
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“n” can be any Integer from between about 1 and 15, more typically an integer

from between about 2 to about 10. In one embodiment, “n” is an integer of from
between 3 to about 5. In another embodiment “n” is an integer of from between about 2
and about 4. In one embodiment, “n” is an integer of 3, and in another embodiment “n”

is an integer of 4.

In one embodiment, the treatment fluid is a foaming compdsition, wherein the
foaming composition can'comprise a foaming component, water and a foam stabilizer
described Herein. In another embodiment, the foaming composition comprises a
foaming component and water, wherein the foaming component is the foam stabilizer
described herein. In yet another embodiment, the foaming composition comprises a
foam stabilizer, one or more surfactants used as foaming agents, optionally, a gas,

optionally, one or more surfactants, and optionally, water,

In one method of the present disclosure, a foaming composition having a
companent part of one or more foam stabilizers described herein is introduced, e.g.,
injeéted, into a reservoir or formation at elevated pressure for the purpose of pushing or
expelling oil from it. The foaming compaosition, which assumes a foam-like form or
consistency, enters and settles within the large fractures within the formation (i.e., high
permeability zones) and substantially diverts one or more gasses, or a gas/surfactant
mixture or a gas/aqueous fiuid mixture in to the less permeable oil bearing matrix (i.e.,
low permeability zones). This, in turn, can mobilize the trapped oil and/or gas from the
matrix through the fracture network. Essentially, the foaming compositioh actsas a
barrier to entry in the fracture network. When the fracture network is effectively or
substantially plugged, the gas permeates into the porous matrix of the formation instead
of the fracture network. The gas pushes the oil entrapped in the matrix into the fracture
network, where it can be easily recovered by conventional means.

In one embodiment, aside from the one or more foam stabilizers or one or more
foaming agents, other surfactants or polymers can be present in the foaming
composition described herein. Surfactants can act to lower the IFT between the
treatment fluid and oil entrapped in the matrix of the formation and/or increase the
viscosity of the injected water during treatment.

13
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In some embodiments, the gas used in the gas flooding opération described
herein Is a gas or a combination of gas and aqueous fluids. The fluid can be in a
supercritical state. The gas or gas/fluid mixture can be injected as a slug orin a
continuous injection. In some embodiments, a gas injection is employed in conjunction
with a water injection in a water-alternating-gas (WAG) process.

As used herein, the term“reservoir” is inclusive of the term “oil-bearing formation” -
(including but not limited to a carbonate oil-bearing formation) as such a formation is
typically located within a reservoir. One or more wellbores may be located in the vicinity
of the reservoir and/or formation for the purpose of extracting oil. The treatment fluid
may be introduced through a wellbore or other protrusion, drill hole, or opening into the
reservoir. The treatment fluid will be introduced at an elevated pressure sufficient to
ensure substantial infiltration of the treatment fiuid into the fracture network of the
formation and substantial exposure of the porous matrix of such formation. Qil may be
extracted at the same or a different location than the location of the point of infroduction
of the treatment fluid.

In some embodiments, surfactants are present in the treatment fluid at an
amount sufficient to provide the treatment fluid (prior to injectidn into the formation or
reservoir) with an interfacial surface tension (IFT) with crude oil of about 10 mNm or
less, preferably about 1 mNm or less, and most preferably about 0.1 or less. The
surfactants are preferably present in the treatment fluid at an amount about 0.1 to about
10 wi% and most preferably about 0.5 to about 6 wi% based on the total weight of the
treatment fluid. The amount of surfactant necessary will vary considerably depending
on factors, including surfactant type, brine content in the fluid, and impurities in the

~ treatment fluid. The surfactants are effective in providing the desired levels of IFT even
in treatment fluids having high salinity, i.e. up to about 20 Ibs/1 galioh concentration.
Salts may be organic or inorganic salts, including monovalent, divalent, and trivalent
species. Inorganic salts commonly encountered in brackish and salt water include, but
are not limited to, chloride and bromide salts of potassium, sodium, ¢algium,
magnesium, zing, iron, and ammonium.
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Useful foaming agents can include but are not limited to nonionic surfactants,
cationic surfactants, amphoteric surfactants, zwitterlonic surfactants, and anionic
surfactants. Nonionic surfactants do not contain a charged moiety. Amphoteric
surfactants have both a positively charged moiety and a negatively charged moiety over
a certain pH range (e.g. typically slightly acidic), only a negatively charged moiety over
a certain pH range (e.g. typically slightly alkaline) and only a positively charged moiety
at a different pH range (e.g. typically moderately acidic). Zwitterionic surfactants have a
permanently positively charged moiety in the molecule regardless of pH and a
negatively charged moiety at alkaline pH. Cationic surfactants have a permanently
positively charged moeity in the molecule regardless of pH. Anionic surfactants have a
permanently negatively charged moiety except at very acidic pH. It is understood,
however, that any surfactant or composition that can form a moderate to strong foam is
useful in the compositions and methods described herein.

In one embodiment, the foaming agent should be present in the foaming
compositions described herein in an amount sufficient to provide a suitable foam. In
some embodiments, the foaming agent is present in an amount in the range of from
about 0.1% and about 15% by volume of the water present in the foaming composition.
In other embodiments, the foaming agent is present in an amount in the range of from

about 0.5% and about 5% by volume of the water preéent in the foaming composition.

Nonionic surfactants

In some embodiments, useful nonionic surfactants include but are not limited to
fatty acid esters, glycerol esters, ethoxylated fatty acids esters of glycol, ethoxylated
fatty acid esters of polyethylene glycol, amines, sorbitan esters, alkoxylates of
secondary alcohols, alkylphenol alkoxylates. Typical nonionic surfactants are glycerol
esters, ethoxylated fatty acids. esters of glycol and ethoxylated fatty acid esters of
polyethylene glycol. |

" Selected nonionic surfactants have the structures:

R3C(0)0-(CH,CH,0),-Rs; and
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R3C(0)OCH2CH(OH)CH20-R,4
and combinations thereof.

R is hydrocarbon chain containing about 10 to about 22 carbon atoms and ﬁay
be branched or straight chained and saturated or unsaturated; R4 hydrogen or a
hydrocarbon chain containing about 1 to about 20 carbon atoms and may be branched
or straight chained and saturated or unsaturated; “p” is from about 1 to about 20,
preferably from about 5 to about 20, more preferably from about 5 to about 12.

Amines have the following structural formula:

wherein Ry is a hydrophobic moiety of alkyl, alkylarylalkyl, atkoxyalkyl,
alkylaminoalky! or alkylamidoalkyl, and -wherein Ry has from about 10 to about 22
carbon atoms and may be branched or straight-chained and saturated or unsaturated.

Rz and R; are, independently, i) an aliphatic group or ii) an aliphatic group with
an aromatic or benzylic moiety bonded therewith. R, and R,, have from 1 to about 20
atoms. The aliphatic group can be branched or straight-chained and saturated or
unsaturated. R and Rs, can independently be, for example, alky!, oxyalkyl,
polyoxyalkyl, alkoxy, and alkylaryl. Typically, Rz and R; are alkyl groups. Most
typically, Rz and R are, independently, methyl or ethyl groups.

Representative amines of the above structure include polyoxyethylenated (2-15)
cocoalkylamines, polyoxyethylenated (12-18) tallow alkylamines, and
polyoxyethylenated (2-15) oleyl and erucyl amines.

Cationic surfactants

In some embodiments, useful cationic surfactants include but are not limited to i)

quaternary salts and ii) amine oxides, iii) and combinations thereof.

Some representative cationic surfactants are set forth below.
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Quaternary salts having the structural formula:

Il{z
[RI—N—Rs]" X
3

wherein Ry is a hydrophabic moiety of alkyl, alkylarylalkyl, alkoxyalkyl,
alkylaminoalkyl or alkylamidoalkyl, and wherein Ry has from about 10 to about 22
5 carbon atoms and may be branched or straight-chained and saturated or unsaturated.

Rz and R; are, independently, i) an aliphatic group or ii) an aliphatic group with
an aromatic or benzylic moiety bonded therewith. Rz, Rs, and Rs have from 1 to about
20 atoms. The aliphatic group can be branched or straight-chained and saturated or
unsaturated. R, R3, and Rs can be, for example, alkyl, oxyalky), polyoxyalkyl, alkoxy,
10 and alkylaryl. Preferably, Ry, R3, and Rs are alky] groupé. Most preferably, Ra, R, and
Rs are methyl or ethyl groups.

X is suitable counter-anion, such as CI, Br, and CH3CH,SOy".
Anionic surfactants

In some embodiments, useful anionic surfactants include but are not limited to
15 dodecylbenzenesulfonates, alpha olefin sulfonates, internal olefin sulfonates,
diphenyloxide disulfonates, alkyl naphthalene sulfonates, alkyl sulfates, sulfateé.
sulfosuccinates, sulfosuccinamates, naphthalene-formaldehyde condensates, alkyl
sulfoesters and alkyl suifoamides and mixtures thereof. Some non-limiting examples
include, alfa olefin sulfonates, alkyltoluene sulfonates, alkylxylene sulfonates, alpha
20 olefin sulfonate dimers, hydroxyl sulfonates, alkene sulfonates, internal olefin
sulfonates.

Representative anionic surfactants include those of the following structural
formulas;

Ry

e
CH;CON__
2

M*-0,8 -CH-COO * M*

=
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R -0-C(0)-CH,-CH-C(0)-OM'
| SO, M'

R4-[O(CH2CHz0),]-S0™3 M*

R_Q_OO

SO' M SO M*

5 and combinations thereof.

Ry is selected froma group consisting of alkyl, aryl, alkaryl, alkylarylalkyl,
arylalkyl, alkylamidoalkyl and alkylaminoalkyl; wherein the atkyl group has about 10 to
about 18 carbon atoms; wherein the aryl group represents a phenyl, diphenyl,
diphenylether, or naphthalene molety.

10 R, is selected from a group consisting of hydregen, -CH,CH,OH, alkyl, aryl,
alkaryl, alkylarylalkyl, arylalkyl, alkylamidoalkyl and alkylaminoalkﬁ; wherein the alkyl
group has about 10 to about 18 carbon atoms; wherein the aryl group represents a
phenyl, diphenyl, diphenylether, or naphthalene moiety.

“p" is 0 to about 10, preferably O to about 5.

15 M is hydrogen, an alkali metal such as sodium or potassium, or an ammonium
salt. M is preferably an alkali metal such as sodium or potassium, more preferably

sodium.

In other embodiments, useful anionic.surfactants include but are not limited to
compounds according to the following structural formulas, as well as mixtures thereof:

20
' ROSOs

R((OCH2CHy)m{OCH;CHCH3)n),08 05"
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RSOy

RU(OCH2CH2)m(OCHZCHCHs)y)sOCH;CH(OH)CH,S05
RCsHs-SO5

wherein R represents an alkyl, arylalkyl, or hydroxyalkyl group, each m, n, m',
and n'is independently an integer of from 0 to about 50 and p and p' aré each integers
of from 1 to about 25. R has about 10 to about 24 carbon atoms and more preferably
about 12 to about 20 carbon atoms. R may be saturated or unsaturated, branched or
straight chained, wherein branch alkyl groups have from 1 to about 6 carbon atoms.
Representative alkyl groups for R include decyl, dodecyl, tetradecyl (myristyl),
hexadecyl (cetyl), octadecyl (oleyl), stearyl, erucyl, and the derivatives of coco, tallow,
soy, and rapeseed oils.

In one embodiment of the compoun'd according to formula (Il), m and n are each
0. In another embodiment of the compound according to formula (I1), one of m and n is
0 and the other is non-zero. In ancther embodiment of the compound according to
formula (1), m and n are each non-zero. In one embodiment of the compound according
to formula (IV), m' and n' are each 0. In another embodiment of the compound
according to formula (IV), one of m' and n' is Q and the other is non-zero. In another
embodiment of the compound according to formula (IV), m' and n' are each non-zero.

If both types of alkyleneoxy units are present in the compounds according to
structures (11} or (IV), that is, if m and n of the compound aécording to structure (Il) are
each non-zero, or if m' and n' of the compound according to structure (IV) are each non-
zero, then such alkyleneoxy groupé may be in arranged In alternating, random, or block

order.

In one embodiment, the total number of alkyleneoxy groups per molecule, that is,
in the case of the compound according to formula (I1), the sum of the number of
aliyleneoxy groups, (m +n), for the humber of units, p, of such alkyleneoxy groups, and
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in the case of the compound according to formula (IV), the sum the number of

" alkyleneoxy groups, (m' +n'"), for the number of units, p', of such alkyleneaxy groups,

ranges from 0 to about 35 and more preferably 0 to about 10.

Zwitterionic surfactants

In some embodiments, useful zwitterionic surfactants include but are not limited

to compounds having the formula:

wherein R, represents a hydrophobic moiety of alkyl, alkylarylalkyl, 4a|koxyalkyl,
alkylaminoalkyl and alkylamidoalkyl, wherein alkyl represents a group that contains from
about 10 to about 24 carbon atoms which may be branched or straight chained and
which may be saturated or unsaturated. Representative long-chain alkyl groups include
tetradecyl (myristyl), hexadecyl (cetyl), octadecenyl (oleyl), octadecyl (stearyl),
docosenoic (erucyl) and the derivatives of tallow, coco, soya and rapeseed oils. The
typical alkyl groups have from about 16 to about 22 carbon atoms. Representative of .
alkylamidoalky! is alkylamidopropyl with alkyl being as described above.

R, and R; are independently an aliphatic chain (i.e. as opposed to aromatic at '
the atom bonded to the quaternary nitrogen, e.g., alkyl, arylalkyl, hydroxyalkyl,
carboxyalkyl, and hydroxyalkyl-polyoxyalkylene, e.q. hydroxyethyl-polyoxyethylene or
hydroxypropyl-polyoxypropylene) having from 1 to about 50 carbon atoms, in other
embodiments from about 1 to about 20 carbon atoms, in other embodiments from about
1 to about 10 carbon atoms and in yet other embodiments from about 1 to about 6
carbon atoms in which the aliphatic group can be branched or straight chained,
saturated or unsaturated. Exemplary alkyl chains are methyl, ethyl, preferred arylalkyl
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is benzyl, and preferred hydraxyalkyls are hydroxyethyl or hydroxypropyl, while
preferred carboxyalkyls are acetate and propionate. Exemplary hydroxyalkyl-
polyoxyalkylenes are hydroxyethyl-polyoxyethylene and hydroxyprapyl-polyoxyethylene.

R, Is a hydrocarbyl radical (e.g. alkylene) with chain lengthi 1 to 4. In one

embodiment, R4 is a methylene or ethylene group.

Y is COO or CH{OH)CH2S05 or SO5°

Specific examples of suitable zwitterionic surfactants include the following

structures:

~ CH,CH,0H

R—N*— CH,C00

CH,CH,0H

CHs

Ri——N*=—CH,CO0"

CHs

CHg

R,CONHCH,CH,CHy—N*—— CH,C00

Hy
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CH,CH,OH

R,CONHCH,CH,CH;,—N"— CH,CHOO

CH,CH,OH
Ra
R{——N*——CH2CH2CH,SOy"
Rs
Ry
Ry N* CHch(OH)CHQSO;;'
Ry
5 wherein Ry, Ry, Rz has been previously defined herein.

Another example of a suitable zwitterionic surfactant selected is an amine oxide..

This material has the following structure:

10
wherein Ry, Rp, and R; are as defined above.

Other representative zwitterionic surfactants include dihydroxyethyl tallow
glycinate, propionates, oleamidopropyl betaine, and erucyl amidopropy! betaine.

Amphoteric surfactants

15 Examples of amphoteric surfactants include but are not limited to those
represented by the following formula: |
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Ra
R1_N H"'

R,COO"

wherein R, Rz, and R, are the same as defined above.

5 Other specific examples of amphoteric surfactants include the following
structures:
CH,CH,C00 ~
R1_N H+

|

CH,CH,C00™ X'

CH,CH,OH

R,CONHCH,CH,CH,——N " H

CH,CH,C00~

10
wherein R1 has been previously defined herein, and X+ is an inorganic cation

such as Na+, K+, NH4+ associated with a carboxylate group or hydrogen atom in an
acidic medium. :

Useful zwitterionic and amphoteric surfactants include those disclosed in U.S.
15 Patent Nos. 6,831 ,108 B2 and 7,461,694 B2, which are incorporated herein by

reference.
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The treatment fluid optionally has one or more members from the group of
organic acids, organic acid salts, and inorganic acids, and inorganic salts. The organic
acid or salt thereof aids in the development of increased viscosity. Since brackish water
is frequently used as a treatment fluid in the oilfield, sait content at some level may
already present.

Useful organic acids are typically those of a sulfonic acid or a carboxylic acid.
Anionic counter-ions of the organic acid salts are typically sulfonates or carboxylates.
Representative of such organic molecules include aromatic sulfonates and carboxylates
such as p-toluene sulfonéte, naphthalene sulfonate, chlorobenzoic acid, salicylic acid,
phthalic acid and the like, wherein such counter-ions are water-soluble. Most preferred
are salicylate, phthalate, p-toluene sulfonate, hydroxynaphthalene carboxylates, e.9. 5-
hydroxy-1-napthoic acid, 6-hydroxy-1-napthoic acid, 7-hydroxy-1-napthoic» acid, 1-
hydroxy-2-naphthoic acid, preferably 3-hydroxy-2-naphthoic acid, 5-hydroxy-2-
naphthoic acid, 7-hydroxy-2-napthoic acid, and 1, 3-dihydroxy-2-naphthoic acid and 3,4-
dichlorobenzoate. The organic acid or salt thereof will optionally be present in the
treatment fluid at from about 0.1 wt% to about 10 wt%, more typically from about 0.1
Wi% to about 7 wt%, and even more typically from about 0.1 wi% to about 6 wt% based
on the total weight of the treatment fluid.

* Useful inorganic acids and salts include water-soluble potassium, sodium, and
ammonium salts, such as potas'sium chloride and ammonium chloride. Additionally,
calcium chloride, calcium bromide and zinc halide salts may alse be used. The
inorganic salt is optionally present in the treatment fluid at a weight concentration of
from about 0.1 wt% to about 30 wt%, more typically from about 0.1 wt% to about 10
wt%, and even more typically from about 0.1 wt% to about 8 wt%. Organic salts, e.g.
trimethylammonium hydrochloride and tetramethylammonium chloride, may also be
used In addition to, or as a replacement for, the inorganic saits.

One component of the treatment fluid is water. In one embodiment, water will be
a major amount by weight of the fluid. In other embodiments, however, water will not be
the major component by weight of the fluid. The water can be from any source so long
as the source contains no contaminants that are chemically or physically incompatible
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with the other components of the fluid (e.g., by causing undesirable precipitation). The
water need not be potable and may be brackish and contain salts of such metals as
‘'sodium, potassium, calcium, zinc, magnesium, etc or other materials typical of sources

of water found in or near oil fields. .

Optionally, natural or synthetic polymers may be added to the treatment fluid to
further regulate viscosity. Useful polymers include, but are not limited to, guar and guar
derivatives, xanthan, polyacrylamide (PAM), starch and starch derivatives, cellulosic

derivatives, and polyacrylates.

The treatment fluid may contain a gas such as air, nitrogen, natural gas and
carbon dioxide to provide an energized fluid or foam. Supercritical carbon dioxide can

be also present. .

Optionally, other surfactants, polymeri¢ or nonpolymeric, can be added to the
treatment fluid to impart additional IFT reduction and/or modify viscosity. Such other -
surfactants may impact [FT and/or viscosity. Other useful surfactants can be anionic,
cationic, nonionic, zwitterionic/amphoterics and combinations thereof. When present,
the other surfactants will preferably be present in limited amounts, i.e., about 0.5% or
less, more preferably about 0.2% or less, and even more preferably 0.1% or less by
weight based on the total weight of the treatment fluid.

The treatment fluid affords the advantage of substantial reducing or preventing
infiltration of gas from adjacent gas-bearing formations into the fracture network of the
oil-bearing formation and reservoir. The reduction or prevention of gas infiltration
enables the internal pressure and the formation and reservoir to be substantially
maintained. The maintenance of internal pressure prevents migration or pushing down
of oil within the oil-bearing formations to be minimized or prevented making the oil

easier to recover.

Examples

In the following example, stability of the foam obtained with the foam stabilizer
described herein, which in one embodiment is alkyl amido propyl sulfobetaines (also
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denoted as sultaines) is measured. The foam stabllity of the formulations described
herein is compared with that of the formulations as described in WO2010/068082.

Testing is carried out at 25°C and atmospheric pressure according to the
following protocol:

-7 mL of aqueous surfactant formulation is placed at the bottom of a 30 ML
volume Allihn filter tube. This system consists in a about 30 mL straight tubé (2em
diameter, 10 cm height) with a frit of characteristic pore size ranging from 10 fo 16 ym
fitted at the bottom of the tube (VWR international).

-Nitrogen gas is injected at 50 mL/min flow rate during 30 seconds at the bottom
of the filter tube through the frit in the aqueous formulation. A foam can form that initially

~ totally fills the tube.

-Height of the foam is recorded as a function of time using a CCD camera.

A first, quick decrease of foam height is observed within the first ten minutes of .
the experiment and is linked to gravity drainage through foam lameltae. According to
the experimental protocol described in [GedrgieVa et al, Soft Matter, 5, 2063, 2009), the '
initial foam height ho is chosen as the foam height after this first gravity drainage phase
(10 minutes after the beginning of the experiment).

Foam height / is then measured every minute after the gravity drainage phase
and compared to the initial foam height ho.

Surfactants used are listed below:

Cocamido propyl betaine: Mirataine BET C30 manufactured by Rhodia.
C» alfa olefin sulfonate: Calsoft AOS 1245 manufactured by Pilot
Cocamido propyl hydroxy sultaine: Mirataine CBS manufactured by Rhodié
C2, amido propyl hydroxy sultaine

Lauryl trimethyl ammonium chloride: Arquad 1237 manufactured by Akzb.

All formulations are tested at 0.66 % wt. total surfactant in deionized water and
include (expressed for a 100 % surfactant formulation):
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—Formulation1: 50 % wt. cocamido propyl betaine, 50 % wt. C+ alpha olefin

sulfonate.

-Eormulation 2:°60 % wt. cocamido propyl hydroxy sultaine, 50 % wt. Cy2 alpha
olefin sulfonate |

Formulation 3: 50 % wt. C22 amido propyl hydroxy sultaine, 50% wt. Cy2 alpha

olefin sulfonate

-Formulation 4: 50.3 % wt. cocamido propyl betaine, 45.7 % wt. Cy alpha olefin

sulfonate, 4% lauryl trimethyl ammonium chloride.

-Formulation 5: 50.3 % wt. cocamido propyl hydroxy sultaine, 45.7 % wt. C12-
alpha olefin sulfonate, 4% lauryl trimethyl ammonium chloride.

_Formulation 6: 50.3 % wi. Cz amido propyl hydroxy sultaine, 45.7 % wt. Cy2
alpha olefin sulfonate, 4% lauryl trimethyl ammonium chioride.

Formulations 1 and 4 serve as a reference to illustrate a foaming composition
utilizing the foam stabilizer described herein. Results, expressed in percentage of the
initial foam height as a function of time (h(f)/ho) after 1, 2, 3 and 4 hours are reported in
table 1. ‘

Results show an increase in foam stability when the cationic compound trimethyl
lauryl ammonium chloride is added to a mix of cocamido propyl amphoterics and a Cq2
aifa olefin sulfonate. The results also show that within experimental error, cocamido
propyl hydroxy stltaines provide a foam stability comparable to that obtained with
cocamido propyl betaines. The same trend is observed with Co; amido propyl hydroxy
sultaines that provide foam stability comparable to, and even slightly higher than C+2

‘cocamido propyl betaines. Therefore, while providing technical advantages such as

lower adsorption (possibly) on reservoir rock and impraved thermal stability compared
to betaines, sultaines prove to be as efficient at stabilizing foam when used in
formulations as described in WO 2010/068082.

h(tyho
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Formulation

number Composition . t=1 hour | t=2 hour | t=3 hour | t=4 hour
1 '50 % cocamido propyl betaine, | 100% |88 % 83 % 79 %
50 % C4, alfa olefin sulfonate
2 50 % cacamido propyl hydroxy {100 % [ 100% |94 % 79%
sultaine, 50 % Cy; alfa olefin
sulfonate. -
3 50 % Cz2 amido propyl 100% |90% 86 % 85 %

hydroxy sultaine, 50% Cy; alfa
olefin sulfenate

4 50.3 % cocamido propyl 100% |94% 88%  |87%
betaine, 45.7% C.; alfa olefin
sulfonate, 0.4% lauryl trimethyl
ammonium chloride .

5 , 50.3 % cocamido propyl 100% [100% [92% 90 %
hydroxy sultaine, 45.7% C.
- | alfa olefin sulfonate, 0.4%
lauryl trimethyl ammonium
chloride

6 '150.3 % C3 amido propyl 100% [100% |93% 89 %
hydroxy sultaine, 45.7% C+2
alfa olefin sulfonate, 0.4%
laury! trimethyl ammonium
chloride

Table 1: foam height as a function of time for selected formulations.

It should be understoed that the foregoing description Is only illustrative of the
present disclosure. Various alternatives and modifications ¢an be devised by those
skilled in the art without departing from the disclosure. Accordingly, the present
disclosure is intended to embrace all such alternatives, modifications and variances that

fall within the scope of the appended claims.
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WHAT IS CLAIMED IS

1. Amethod for enhancing recovery of oil from an oil-bearing formation within a
reservoir, comprising:

(@) introducing a foaming compaosition under pressure into the oil-bearing
formation;

(b) introducing a gas under pressure into the oil-bearing formation, wherein

the presence of the foaming composition affects the flow of gas within the oil-

bearing formation; and

()  extracting oil through a wellbore in the reservoir,

wherein the foaming composition comprises a foam stabilizer chosen from alkyl
dimethyl betaine, alkyl amidopropyl hydroxy sulfobetaine, or alkyl hydroxy sulfobetaine,
wherein the alkyl group is an integer from between about 10 carbon atoms té about 24

carbon atoms.

2. The method of claim 1 wherein the alkyl group is an integer from between about 12
carbon atoms to about 24 carbon atoms.

3. The method of claim 1 wherein the alkyl group is an integer from between about 18
carbon atoms to about 24 carbon atoms.

4. The method of claim 1 wherein the foaming composition further comprises water
and, optionally, a foaming gas.

5. The method of claim 1 wherein the foaming composition further comprises one or

more foaming agents.

6. The method of claim 5 wherein the foaming agents Is selected from the group
consisting of a honionic surfactant, a cationic surfactant, an amphoteric surfactant, a
zwitterionic surfactant, an anionic surfactants and any combination thereof.,
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7. The method of claim 1 wherein the gas is chosen from carbon dioxide, air, nitrogen,
natural gas, steam, flue gas or any combination thereof.

5 8. The method of claim 1 wherein the step of introducing the foaming composition into
an oil bearing formation includes introducing the foaming composition into one or more
high permeability zones located within the oil bearing formation.

9. The method of claim 1 wherein the step of infroducing the gas into an oil bearing
10 formation includes introducing the gas into one or more low permeability zones located
within the oll bearing formation. '

10. A method for enhancing recovery of oil from an oil-bearing formation within a
reservoir, comprising:
15 (a) introducing a foaming composition under pressure into the oil-bearing
formation; _
(b) introducing a gas under pressure info the oil-bearing formation, wherein the
presence of the foaming composition affects the flow of gas within the oil-bearing
formation; and |
20 (c) extracting oil through a wellbore in the reservoir,
wherein the foaming composition comprises a foam stabilizer having formula ():

Ry Rs o
R‘\IL* \\s O
R \
o)
o R 0}
25 wherein Ry is an alkylamido group or a linear or branched alkyl group; Rz and Rs

are individually hydrogen, a methyl group or a hydraxyethyl group; R4, Rs and Rg are
individually hydrogen or a hydroxy group, with the proviso that at least one of R4, Rs or
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Rs is a hydroxyl group, wherein the alkyl group is an integer from hetween about 10
carbon atoms to about 24 carbon atoms.

11. The method of claim 10 wherein the alkyl group is an integer from between about
12 carbon atoms to about 24 carbon atoms. ‘

12. The method of claim 10 wherein the alkyl group is an integer from between about

18 carbon atoms to about 24 carbon atoms.

13. The method of claim 10 wherein Ry is the alkylamido group, the alkylamido group
having formula (1)

R’)k /k\}\ (I

N
H

wherein Ry is a linear or branched alkyl group having greater than about 10

carbon atoms, wherein n is an integer from 2 10 5.

14. The method of claim 13 wherein Ry is a linear or branched alkyl group having
greater than about 18 carbon atoms,

15. The method of claim 10 wherein the foam stabilizer is of formula (111}

Ry oH g
R‘\rlq, \\8/0'
e
N N an),
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wherein R, is an alkylamido group or a linear or branched alkyl group; Rz and R; are
individually hydrogen, a methyl group or a hydroxyethyl group; wherein the alkyl group
is an integer from between about 10 carbon atoms to about 24 carbon atoms.

18. The method of claim 10, wherein the foaming compaosition has up to about 20
Ibs/gal water of organic and inorganic salts.

17. The method of claim 10 wherein the step of introducing.the foaming composition
into an oil bearing formation includes introducing the foaming compdsition into one or

more high permeability zones located within the oil bearing formation.

18. The method of claim 10 wherein the step of introducing the gas into an oil bearing
formation includes introducing the gas into one or more low permeability zones located

within the oil bearing formation.

19. The method of claim 10 further comprising a foaming agent selected from the group
consisting of a nonionic surfactant, a cationic surfactant, an amphoteric surfactant, a

zwitterionic surfactant, an anionic surfactants and any combination thereof.
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