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(57) ABSTRACT 

The invention provides a method made of steps of injecting 
into a wellbore, a composition comprising a solvent, a sur 
factant, a foaming gas, a foam enhancer, a crosslinkable poly 
mer, and a crosslinking agent capable of crosslinking the 
polymer, wherein the foam enhancer increases the foam half 

(21) Appl. No.: 12/823,410 life of the gel composition compared to the gel composition 
without the foam enhancer; and allowing viscosity of the 

(22) Filed: Jun. 25, 2010 composition to increase and form a gel. 
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GELLED FOAM COMPOSITIONS AND 
METHODS 

FIELD OF THE INVENTION 

[0001] This invention relates generally to the art of making 
and using oilfield treatment gels. More particularly it relates 
to gelled foam fluids made of polymer and methods of using 
such fluids in a well from which oil and/or gas can be pro 
duced. 

BACKGROUND 

[0002] The statements in this section merely provide back 
ground information related to the present disclosure and may 
not constitute prior art. 
[0003) Water control problems are ubiquitous in oil and gas 
reservoirs and they have many forms. One difficult problemis 
that of shutting off fractures or fissures in carbonate reservoirs 
without impacting the hydrocarbon production. The fissure or 
fracture tends to dominate flow to a producing well compared 
to the matrix flow. Commonly, the flow of hydrocarbons may 
move from the matrix into the fractures and from the fractures 
into one or more main fractures that intersect the wellbore. 
Because of the huge flow potential in a sizable opening, any 
fluid solution must be rather large in volume and able to resist 
extrusion after the treatment has finished and the well is 
placed on production. A further complication is the reservoir 
may contain a range of fissures, fractures and Vugs, all of 
which have the potential to flow. Vugs have both flow poten 
tial and large storage capacity, while the capacity of fissures 
and fractures depend upon the width and the cementation. 
Since these features cannot be easily mapped, the Volumes 
and geometry of the features are not known, leading to diffi 
culties in designing a plugging treatment. 
[0004] A similar problem has been encountered in drilling 
applications where lost circulation Zones exist. These features 
tend to capture the expensive drilling fluid and must be 
plugged prior to continuing the drilling process. Cementing 
pipe in hole is subject to these features as well, and poor 
cementing can result because the cement is diluted by under 
ground rivers or the fluid loss is so high that the cement cannot 
be propagated throughout the area requiring cement. 
[0005) Various solutions exist for combating these prob 
lems and they generally are referred to as lost circulation 
material (LCM), lost circulation pills, plugs, gels, cement 
plugs, formation damage plugs, solids laden plugs, bentonite 
plugs, fiber plugs, etc. Some solutions include pumping water 
reactive materials ina non-aqueous fluid (clays and especially 
bentonite, organic polymers, cement) that tend to set when 
water is encountered; aqueous fluids that set into stiff gels 
(crosslinked-water soluble organic polymers, inorganic 
monomers that gel Such as silicates and aluminum com 
pounds, organic monomers that polymerize in situ); non 
aqueous fluids such as resins; slurries of solids in aqueous or 
non-aqueous carrier fluids that plug indiscriminately such as 
walnut shells, diatomaceous earth or silica flour; and non 
compatible waters which precipitate upon meeting in the 
reservoir. 
[0006) Polymer gels have been widely used for conform 
ance control of naturally fissured/fractured reservoirs. For an 
overview of existing polymer compositions, reference is 
made to the U.S. Pat. Nos. 5,486.312 and 5.203.834 which 
also list a number of patents and other sources related to 
gel-forming polymers. 

Dec. 29, 2011 

[0007) Some of these solutions have been foamed with gas 
to plug a larger Volume with the same amount of chemicals. 
Foams are often stabilized with polymers which restrict the 
drainage of the foam boundaries or plateau borders. Foam 
able gel compositions are described for example in the U.S. 
Pat. Nos. 5, 105,884, 5.203.834, and 5,513,705, wherein the 
polymer content is reduced at constant Volume of the com 
position. 
[0008] The typical components of a foamable gel compo 
sition are (a) a solvent, (b) a crosslinkable polymer, (c) a 
crosslinking agent capable of crosslinking the polymer, (d) a 
surfactant to reduce the surface tension between the solvent 
and the gas, and (e) the foaming gas, itself. 
[0009] A new gelled foam having enhanced properties of 
foam stability is proposed herewith. 

SUMMARY 

[0010] In a first aspect, a composition is disclosed. The 
composition is for useina wellbore and consists essentially of 
a solvent, a surfactant, a foaming gas and a foam enhancer, 
wherein the foam enhancer by its own increases the Viscosity 
of the composition and the stability of the foam. Also, the 
composition can be a gel composition for use in a wellbore 
comprising a Solvent, a Surfactant, a foaming gas, a foam 
enhancer, a crosslinkable polymer, and a crosslinking agent 
capable of crosslinking the polymer, wherein the foam 
enhancer increases the foam half-life of the gel composition 
compared to the gel composition without the foam enhancer. 
[0011] In a second aspect, a method is disclosed. The 
method comprises injecting into a wellbore, a composition 
consisting essentially of a solvent, a surfactant, a foaming gas 
and a foam enhancer; and allowing viscosity of the compo 
sition to increase. 
[0012] In a third aspect, the method comprises injecting 
into a wellbore, a composition comprising a solvent, a sur 
factant, a foaming gas, a foam enhancer, a crosslinkable poly 
mer, and a crosslinking agent capable of crosslinking the 
polymer, wherein the foam enhancer increases the foam half 
life of the gel composition compared to the gel composition 
without the foam enhancer; and allowing viscosity of the 
composition to increase and form a gel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013) FIG. 1 is a graph showing rheology of foam com 
position according to the invention Versus time. 

DETAILLED DESCRIPTION 

[0014] At the outset, it should be noted that in the develop 
ment of any actual embodiments, numerous implementation 
specific decisions must be made to achieve the developer’s 
specific goals, such as compliance with system and business 
related constraints, which can vary from one implementation 
to another. Moreover, it will be appreciated that such a devel 
opment effort might be complex and time consuming but 
would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the benefit of this disclosure. 
[0015] The description and examples are presented solely 
for the purpose of illustrating embodiments of the invention 
and should not be construed as a limitation to the scope and 
applicability of the invention. In the summary of the invention 
and this detailed description, each numerical value should be 
read once as modified by the term “about” (unless already 
expressly so modified), and then read againas not so modified 
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unless otherwise indicated in context. Also, in the summary of 
the invention and this detailed description, it should be under 
stood that a concentration range listed or described as being 
useful, suitable, or the like, is intended that any and every 
concentration within the range, including the end points, is to 
be considered as having been stated. For example, “a range of 
from 1 to 10” is to be read as indicating each and every 
possible number along the continuum between about 1 and 
about 10. Thus, even if specific data points within the range, 
or even no data points within the range, are explicitly identi 
fied or refer to only a few specific, it is to be understood that 
inventors appreciate and understand that any and all data 
points within the range are to be considered to have been 
specified, and that inventors possession of the entire range 
and all points within the range disclosed and enabled the 
entire range and all points within the range. 
[0016] As used herewith the term “gel” means a substance 
selected from the group consisting of (a) colloids in which the 
dispersed phase has combined with the continuous phase to 
produce a Viscous, jelly-like product, (b) crosslinked poly 
mers, and (c) mixtures thereof. 
[0017] According to a first embodiment, the gel composi 
tion is a composition made from: a solvent, a surfactant also 
called a foaming agent, a foaming gas and a foam enhancer. 
[0018] The solvent may be any liquid in which the 
crosslinkable polymer and crosslinking agent can be dis 
solved, mixed, suspended or otherwise dispersed to facilitate 
gel formation. The solvent may be an aqueous liquid such as 
fresh water or a brine. 
[0019] Surfactant is used to reduce the surface tension 
between the solvent and the foaming gas. The surfactants may 
be water-soluble and have sufficient foaming ability to enable 
the composition, when traversed by a gas, to foam and, upon 
curing, form a foamed gel. Typically, the surfactant is used in 
a concentration of up to about 10, about 0.01 to about 5, about 
0.05 to about 3, or about 0.1 to about 2 weight percent. 
[0020] The surfactant may be substantially any conven 
tional anionic, cationic or nonionic surfactant. Anionic, cat 
ionic and nonionic surfactants are well known in general and 
are commercially available. Preferred foaming agents include 
those that have good foam formation and stability as mea 
sured by half-life. An additional feature is to continue to foam 
in the presence of hydrocarbons, which are known defoamers. 
Betaines, mixture of ammonium C6-C10 alcohol/ethoxysul 
fate 2-Butoxyethanol (EGMBE)/Ethanol and amphoterics 
such as amphoteric alkyl amine surfactant are good foamers. 
[0021] Exemplary surfactants include, but are not limited 
to, alkyl polyethylene oxide sulfates, alkyl alkylolamine sul 
fates, modified ether alcohol sulfate sodium salt, sodium lau 
ryl Sulfate, perfluoroalkanoic acids and salts having about 3 to 
about 24 carbon atoms per molecule (e.g., perfluorooctanoic 
acid, perfluoropropanoic acid, and perfluorononanoic acid), 
modified fatty alkylolamides, polyoxyethylene alkyl aryl 
ethers, octylphenoxyethanol, ethanolated alkyl guanidine 
amine complexes, condensation of hydrogenated tallow 
amide and ethylene oxide, ethylene cyclomido 1-lauryl, 2-hy 
droxy, ethylene sodium alcoholate, methylene sodium car 
boxylate, alkyl arylsulfonates, sodium alkyl naphthalene sul 
fonate, sodium hydrocarbon sulfonates, petroleum 
sulfonates, sodium linear alkyl aryl Sulfonates, alpha olefin 
sulfonates, condensation product of propylene oxide with 
ethylene oxide, sodium salt of sulfated fatty alcohols, 
octylphenoxy polyethoxy ethanol, sorbitan monolaurate, sor 
bitan monopalmitate, sorbitan trioleate, polyoxyethylene sor 
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bitan tristearate, polyoxyethylene sorbitan tristearate, poly 
oxyethylene sorbitan monooleate, dioctyl sodium 
sulfosuccinate, modified phthalic glycerol alkyl resin, 
octylphenoxy polyethoxy ethanol, acetylphenoxy poly 
ethoxy ethanol, dimethyl didodecenyl ammonium chloride, 
methyl trioctenyl ammonium iodide, trimethyl decenyl 
ammonium chloride, and dibutyl dihexadecenyl ammonium 
chloride. 
['0022] In one embodiment the gel composition comprises a 
surfactant made of alcohol ether sulfates (AES). Alcohol 
ether sulfates provide a good foaming performance in acid 
brines with a broad range ofionic strength and hardness. They 
allow the liquid phase of the foam to forma strong and robust 
gel under acid conditions. 
0023] The foaming gas is usually a noncondensable gas. 
Exemplary noncondensable gases include air, oxygen, hydro 
gen, noble gases (helium, neon, argon, krypton, Xenon, and 
radon), natural gas, hydrocarbon gases (e.g., methane, 
ethane), nitrogen, and carbon dioxide. Nitrogen and carbon 
dioxide are typically readily available in the oil field. Steam 
could be used for treating high temperature wells; however, 
the steam may condense and collapse the foam. 
[0024] The amount of gas injected (when measured at the 
temperature and pressure conditions in the subterranean for 
mation being treated) is generally about 1 to about 99 volume 
percent based upon the total volume of treatment fluids 
injected into the subterranean formation (i.e., the sum of the 
Volume of injected gas plus the Volume of injected foamable, 
gel-forming composition). According to one embodiment, 
the amount of gas injected is about 20 to about 98, and more 
preferably about 40 to about 95, volume percent based upon 
the total volume of injected treatment fluids. Foam enhancers 
are generally formed from water soluble polymers but can 
also be other organic extenders. Polymers have been used as 
they increase viscosity in the liquid borders and minimize 
drainage of the films which lead to bubble collapse. Espe 
cially good foam extenders include polymers which have a 
yield stress behavior at low shear rate such as Xanthan and 
diutan. Other polymers include guar and guar derivatives, 
welan gum, locust bean gum, polyacrylamides and copoly 
mers containing monomers of acrylamide, acrylic acid, 
sodium AMPS and vinyl pyrrollidone. Examples include 
polysaccharides such as substituted galactomannans, such as 
guar gums, high-molecular weight polysaccharides com 
posed of mannose and galactose sugars, or guar derivatives 
such as hydroxypropyl guar (HPG), carboxymethylhydrox 
ypropyl guar (CMHPG) and carboxymethyl guar (CMG), 
hydrophobically modified guars, guar-containing com 
pounds, and synthetic polymers. Cellulose derivatives are 
also used in an embodiment, such as hydroxyethylcellulose 
(HEC) or hydroxypropylcellulose (HPC), carboxymethylhy 
droxyethylcellulose (CMHEC) and carboxymethycellulose 
(CMC). Xanthan, diutan, and scleroglucan, three biopoly 
mers, have been shown to have excellent foaming enhance 
ment properties. 
[0025] According to a second embodiment, the gel compo 
sition further comprises a crosslinkable polymer, and a 
crosslinking agent capable of crosslinking the polymer. The 
result is a permanent gelation of the foam structure. Accord 
ing a third embodiment, the gel composition further com 
prises a delay agent to allow delayed crosslinking. 
['0026] A crosslinked polymer is generally formed by react 
ing or contacting proper proportions of the crosslinkable 
polymer with the crosslinking agent. However, the gel-form 
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[0038] The gelling enhancer can be a colloidal solid. 
Examples include fly ash, silica, fumed silica, titanium dioX 
ide, natural solids such as clays, synthetic clays, talc, calcium 
carbonate, latexes, nanocarbons, and minerals Such as boeh 
mite (Bohmite), carbon black, graphite, etc. Other gelling 
enhancers for fracture plugging can include solids as fine 
silica flour, ground nut shells, diatomaceous earth, ground 
seashells, calcium carbonate, fibers and other minerals. 
Fibers can be used as synthetic fibers e.g. Kevlar fibers or 
metal fibers e.g. cast iron fibers. 
[0039] In a sixth embodiment, the gel composition further 
comprises a swellable polymer to trap oil and/or water. 
[0040] If used for removing water, swellable polymers 
include Super absorber polymers based on crosslinked poly 
acrylates. 
[0041] If used for trapping oil, swellable polymers include 
EPDM, EPM, SBR, butyl rubber, neoprene rubber, silicone 
rubber, and ethylene vinyl acrylate. 
[0042] Optionally, the liquid components are mixed at the 
surface and foaming gas is added on the fly just before the 
combined streams enter the wellbore. Other potential options 
are to apply some of the gas and liquid phases in separate 
streams which meet partway or near the bottom of the well. 
Foam generators are an option for delivering optimal foam 
properties. The composition gels are compatible with other 
fluids or material as for example hydrocarbons such as min 
eral oil, proppants or additives normally found in well stimu 
lation. Current embodiments can be used in Various applica 
tions including temporary plugs of a formation, kill plugs, or 
multiple fracturing steps for treating subterranean formations 
having a plurality of Zones of differing permeabilities. How 
ever, the primary target is plugging offractures, fissures and 
faults within subterranean reservoirs accessed via a wellbore. 
[0043] To facilitate a better understanding of some embodi 
ments, the following examples of embodiments are given. In 
no way should the following examples be read to limit, or 
define, the scope of the embodiments described herewith. 

EXAMPLES 

[0044] Series of experiments were conducted to demon 
strate properties of compositions and methods as disclosed 
above. 
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[0045] In the following tests, various compositions were 
examined for the ability to foam, the foam volume, foam 
stability as measured by half-life and foam quality. The half 
life is the time for 50 mL to separate and drain from the foam 
using a loaded volume of 100 mL of liquid. Foam volume is 
the Volume of foam immediately after foaming energy is 
stopped. The time for the half-life is started at this time as 
well. Foam quality is the gaseous content of the foam. As can 
be seen in Table 1, the addition of the foam enhancer vastly 
improved the foam half-life, but decreased the foam volume 
and quality. Use of higher molecular weight substituted poly 
acrylamide polymer (3 million Daltons) lowered the foam 
Volume Versus acrylamide sodium acrylate copolymer (0.5 
million Daltons). As the gel time might be 2-4 hours, an 
extender is needed to maintain the foam after pumping is 
stopped and before the gelation begins. 
[0046] The polymers were fully hydrated in water prior to 
adding the other components. Next, 100 mL of the solution 
was added to a graduated beaker and foamed by operating a 
Silverson mixer at 4000 rpm for three minutes. A separate 
study of mixing speed confirmed that 4000 rpm provides the 
most foam Volume and does not shear degrade the polymer 
viscosity. The foam volume was recorded and the stop watch 
started after the beaker was removed from the mixer. The 
acrylamide sodium acrylate copolymer solutions also 
included 0.21 wt% of hexamethylenetetramine and 0.21 vol 
% of acetic acid. The substituted polyacrylamide solution 
also contained 0.2 wt% hexamethylenetetramine, 0.18 vol % 
phenylacetate and 0.3 vol% acetic acid. A separate sample of 
the formulations was heated in capped bottles to 100° C. and 
good gels were formed, showing none of the components 
were incompatible. The samples with acrylamide sodium 
acrylate copolymer and substituted polyacrylamide with guar 
were stiff and did not move when the bottle was inverted. 
However, the sample with substituted polyacrylamide alone 
formed a tonguing gel that extended several inches from the 
bottle top upon inversion. It was found that cocamidopropyl 
Betaine/isopropanol/2-Butoxyethanol (EGMBE) mixture 
was insensitive to oil contamination whereas foams prepared 
with the other foamers would collapse with oil contamina 
tion. 

TABLE 1 

Fluid Foam Foam Foam Half-life, Foam 
composition Polymer Foaming agent enhancer Volume, mL minutes Quality, % 

A 3.19% 0.5 vol % ammonium 650 15 84.6 
acrylamide C6-C10 alcohol 
sodium ethoxysulfate/ethanol/2- 
acrylate Butoxyethanol (EGMBE) 
copolymer mixture 

B 3.19% 1 vol % ammonium C6-C10 1 (O)(O)(O) 17 90 
acrylamide alcohol 
sodium ethoxysulfate/ethanol/2- 
acrylate Butoxyethanol (EGMBE) 
copolymer mixture 

C 3.19% 2 vol % ammonium C6-C10 1220 16.1 918 
acrylamide alcohol 
sodium ethoxysulfate/ethanol/2- 
acrylate Butoxyethanol (EGMBE) 
copolymer mixture 

D 3.19% 0.5 vol % ammonium 0.24% guar 375 82.5 73.3 
acrylamide C6-C10 alcohol 
sodium ethoxysulfate/ethanol/2- 
acrylate Butoxyethanol (EGMBE) 
copolymer mixture 
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TABLE 1-continued 

Fluid Foam 
composition Polymer Foaming agent enhancer 

E 3.19% 2 vol % dicoco dimethyl 0.24% guar 
acrylamide ammonium 
Sodium chloride/ethanol mixture 
acrylate 
copolymer 

F 3.19% 5 vol % dicoco dimethyl 0.24% guar 
acrylamide ammonium 
Sodium chloride/ethanol mixture 
acrylate 
copolymer 

G 3.19% 10 vol % dicoco dimethyl 0.24% guar 
acrylamide ammonium 
Sodium chloride/ethanol mixture 
acrylate 
copolymer 

H 3.19% 10 vol % dicoco dimethyl 0.24% guar 
acrylamide ammonium 
Sodium chloride/ethanol mixture + 
acrylate 1 vol % 2 
copolymer butoxyethanol (EGMBE) 

I 1% Substituted 0.5 vol % ammonium 
polyacrylamide C6-C10 alcohol 

ethoxysulfate/ethanol/2- 
Butoxyethanol (EGMBE) 
mixture 

J 1% substituted 0.5 vol % ammonium C6-C10 0.24% guar 
polyacrylamide alcohol 

ethoxysulfate/ethanol/2- 
Butoxyethanol (EGMBE) 
mixture 

K 3.19% 1.0 vol % 0.7 Wit 9% 
acrylamide cocamidopropyl diutan 
Sodium Betaine/isopropanol/2- 
acrylate Butoxyethanol (EGMBE) 
copolymer mixture 

[0047] The fluid composition K in the above table was 
evaluated further in a circulating foam loop at 100° C. using 
nitrogen. The hexamethylenetetramine was not included to 
prevent gelation during the test. The foam was formulated at 
a quality of 72%. A constant shear rate of 100 s" was main 
tained throughout the test except for three shear ramps where 
the shear rate was reduced to 75, 50 25 and then increased to 
50, 75 and 100 st". Table 2 shows the calculated power law 
parameters, for the foam Versus elapsed time, and includes the 
R* orgoodness offit parameter. Clearly the foam maintains its 
Viscosity and its shear thinning properties with only minor 
changes over the test time of 3.5 hours. The rheology trace is 
included in FIG. 1. Pictures of the foam segregated in a view 
cell (data not shown) show that some coarsening of the foam 
is evident, but the foam has no drainage over the 3.5 hour test 
time. 

TABLE 2 

Elapsed Time, Temperature, 
hr:min:Sec O C. n' K', lbf-sº/ft? R2 

1:14:32 100.3 (0.435 (0.0120 0.977 
2:28:36 1012 (0.449 (0.0974 0.987 
3:25:40 1013 (0.456 (0.0888 0.992 

[0048] The fluid composition K was further augmented 
with 5 vol % of silicate solution (colloidal silica solution). 
This formulation showed nearly identical properties to the 
fluid composition K except the gel was visibly stronger and 
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Foam Foam Half-life, Foam 
Volume, mL minutes Quality, % 

200 55 50.0 

300 171 66.6 

300 125 66.6 

350 85 714 

720 36.7 86 

475 1 (OO) 78.9 

>5 74.0 
hours 

the foamed Volume was enhanced. Picture of the formulation 
(data not shown) shows a stronger gel when put upside down. 
[0049] The particular embodiments disclosed above are 
illustrative only, as the invention may be modified and prac 
ticed in different but equivalent manners apparent to those 
skilled in the art having the benefit of the teachings herein. 
Furthermore, no limitations are intended to the details herein 
shown, other than as described in the claims below. It is 
therefore evident that the particular embodiments disclosed 
above may be altered or modified and all such variations are 
considered within the scope of the embodiments described 
herewith. Accordingly, the protection sought herein is as set 
forth in the claims below. 

What is claimed is: 
1. A composition for use in a wellbore consisting essen 

tially of a solvent, a surfactant, a foaming gas and a foam 
enhancer, wherein the foam enhancer by its own increases the 
viscosity of the composition and the stability of the foam. 

2. The composition of claim 1, wherein the solvent is water 
or brine. 

3. The composition of claim 1, wherein the surfactant is 
selected from the group consisting of betaine, ammonium 
C6-C10 alcohol/ethoxysulfate 2-Butoxyethanol (EGMBE)/ 
Ethanol, amphoteric alkyl amine and mixture thereof. 

4. The composition of claim 1, wherein the foaming gas is 
selected from the group consisting of nitrogen, air, carbon 
dioxide and mixture thereof. 
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5. The composition of claim 1, wherein the foam enhancer 
is selected from the group consisting of diutan, Xanthan, guar, 
guar derivatives and mixture thereof. 

6. A gel composition for use in a wellbore comprising a 
solvent, a surfactant, a foaming gas, a foam enhancer, a 
crosslinkable polymer, and a crosslinking agent capable of 
crosslinking the polymer, wherein the foam enhancer 
increases the foam half-life of the gel composition compared 
to the gel composition without the foam enhancer. 

7. The composition of claim 6, wherein the solvent is water 
or brine. 

8. The composition of claim 6, wherein the surfactant is 
selected from the group consisting of betaine, ammonium 
C6-C10 alcohol/ethoxysulfate 2-Butoxyethanol (EGMBE)/ 
Ethanol, amphoteric alkyl amine and mixture thereof. 

9. The composition of claim 6, wherein the foaming gas is 
selected from the group consisting of nitrogen, air, carbon 
dioxide and mixture thereof. 

10. The composition of claim 6, wherein the foamenhancer 
is selected from the group consisting of diutan, Xanthan, guar, 
guar derivatives and mixture thereof. 

11. The composition of claim 6, further comprising a delay 
agent. 

12. The composition of claim 6, further comprising a gel 
ling accelerator. 

13. The composition of claim 12, wherein the foaming 
agent is the gelling accelerator. 

14. The composition of claim 13, wherein the gelling accel 
erator is carbon dioxide. 

15. The composition of claim 6, further comprising a gel 
ling enhancer. 

16. The composition of claim 15, wherein the gelling 
enhancer is colloidal solid. 

17. The composition of claim 15, wherein the gelling 
enhancer is colloidal silica. 

18. The composition of claim 15, wherein the gelling 
enhancer is solid particulate. 

19. The composition of claim 15, wherein the gelling 
enhancer is fibers. 

20. The composition of claim 6, further comprising a 
swellable polymer. 

21. The composition of claim 20, wherein the swellable 
polymer is super absorbant polymer. 

22. The composition of claim 6, wherein the crosslinkable 
polymer comprises acrylamide and acrylate copolymer. 

23. A method comprising: 
a. injecting into a wellbore, a composition consisting 

essentially of a solvent, a surfactant, a foaming gas and 
a foam enhancer; and 

b. allowing Viscosity of the composition to increase. 
24. The method of claim 23, wherein the foam enhancer is 

selected from the group consisting of diutan, Xanthan, guar, 
guar derivatives and mixture thereof. 

25. The method of claim 23, wherein the foaming gas is 
selected from the group consisting of nitrogen, air, carbon 
dioxide and mixture thereof. 

Dec. 29, 2011 

26. The method of claim 23, for treating a subterranean 
formation made at least partially of carbonate rock. 

27. A method comprising: 
a. injecting into a wellbore, a composition comprising a 

solvent, a surfactant, a foaming gas, a foam enhancer, a 
crosslinkable polymer, and a crosslinking agent capable 
of crosslinking the polymer, wherein the foam enhancer 
increases the foam half-life of the gel composition com 
pared to the gel composition without the foam enhancer; 
and 

b. allowing viscosity of the composition to increase and 
form a gel. 

28. The method of claim 27, wherein the solventis water or 
brine. 

29. The method of claim 27, wherein the Surfactant is 
selected from the group consisting of betaine, ammonium 
C6-C10 alcohol/ethoxysulfate 2-Butoxyethanol (EGMBE)/ 
Ethanol, amphoteric alkyl amine and mixture thereof. 

30. The method of claim 27, wherein the foaming gas is 
selected from the group consisting of nitrogen, air, carbon 
dioxide and mixture thereof. 

31. The method of claim 27, wherein the foam enhancer is 
selected from the group consisting of diutan, Xanthan, guar, 
guar derivatives and mixture thereof. 

32. The method of claim 27, further comprising a delay 
agent. 

33. The method of claim 27, further comprising a gelling 
accelerator. 

34. The method of claim 33, wherein the foaming agent is 
the gelling accelerator. 

35. The method of claim 34, wherein the gelling accelera 
tor is carbon dioxide. 

36. The method of claim 27, further comprising a gelling 
enhancer. 

37. The method of claim 36, wherein the gelling enhancer 
is colloidal solid. 

38. The method of claim 36, wherein the gelling enhancer 
is colloidal silica. 

39. The method of claim 36, wherein the gelling enhancer 
is solid particulate. 

40. The method of claim 36, wherein the gelling enhancer 
is fibers. 

41. The method of claim 27, further comprisinga swellable 
polymer. 

42. The method of claim 41, wherein the swellable polymer 
is super absorbant polymer. 

43. The method of claim 27, wherein the crosslinkable 
polymer comprises acrylamide and acrylate copolymer. 

44. The method of claim 27, for treating a subterranean 
formation. 

45. The method of claim 44, for plugging a fracture in the 
subterranean formation. 

46. The method of claim 44, wherein the subterranean 
formation comprises a rock at least partially made of 
carbonates. 


