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(57) ABSTRACT

Compositions comprise nonionic fluorinated polymeric sur-
factants and solvent. The solvent comprises: at least one of
a polyol or polyol ether, wherein the polyol and polyol ether
have from 2 to 10 carbon atoms; and at least one monohy-
droxy alcohol, ether, or ketone having from 1 to 4 carbon
atoms, or a mixture thereof, wherein the solvent is capable
of at least one of solubilizing or displacing brine or con-
densate in the hydrocarbon-bearing clastic formation.
Embodiments of the compositions are useful in recovery of
hydrocarbons from hydrocarbon-bearing clastic formations
that contain brine and/or condensate.




US 2008/0051300 A1

Feb. 28, 2008 Sheet 1 of 2

Patent Application Publication

28

10

NI

/INI/

N

Fig. 1



US 2008/0051300 A1

Feb. 28, 2008 Sheet 2 of 2

Patent Application Publication

143

90}

601
801

-

ATTARRNINY

_

_
oL |

_

A

201 e V0l

_

_ T
oz_%\“\‘

O F Ff
oLL—




US 2008/0051300 Al

COMPOSITIONS AND METHOD FOR
IMPROVING THE PRODUCTIVITY OF
HYDROCARBON PRODUCING WELLS

BACKGROUND

[0001] Itis known in the subterranean well drilling art that
in some wells (e.g., some oil and/or gas wells) brine is
present in hydrocarbon-bearing geological formations in the
vicinity of the wellbore (also known in the art as the “near
wellbore region”). The brine may be naturally occurring
(e.g., connate water) and/or may be a result of operations
conducted on the well.

[0002] In the case of some wells (e.g., some gas wells),
liquid hydrocarbons (also known in the art as “condensate’)
can form and accumulate in the near wellbore region. The
presence of condensate can cause a large decrease in both
the gas and condensate relative permeabilities, and thus the
productivity of the well decreases.

[0003] The presence of brine and/or gas condensate in a
near wellbore region of a hydrocarbon-bearing geological
formation can inhibit or stop production of hydrocarbons
from the well, and hence is typically undesirable.

[0004] Various approaches have been tried for increasing
the hydrocarbon production of such wells. One approach, for
example, involves a fracturing and propping operation (e.g.,
prior to, or simultaneously with, a gravel packing operation)
to increase the permeability of the hydrocarbon-bearing
geological formation adjacent to the wellbore. Chemical
treatments (e.g., injection of methanol) have also been used
to improve productivity of such oil and/or gas wells. The
latter treatments are typically injected into the near wellbore
region of a hydrocarbon-bearing geological formation where
they interact with the brine and/or condensate to displace
and/or dissolve it, thereby facilitating increased hydrocarbon
production from the well.

[0005] Conventional treatments for increasing the hydro-
carbon production from wells having brine and/or conden-
sate in the near wellbore region of a hydrocarbon-bearing
geological formation, however, are often relatively short-
lived, and require expensive and time-consuming retreat-
ment. Hence, there is a continuing need for alternative
and/or improved techniques for increasing the productivity
of oil and/or gas wells that have brine and/or condensate
present in a near wellbore region of a hydrocarbon-bearing
geological formation.

SUMMARY

[0006] In one aspect, the present invention provides a
composition comprising:

[0007] a nonionic fluorinated polymeric surfactant,
wherein the nonionic fluorinated polymeric surfactant com-
prises:
[0008]
formula:

(a) at least one divalent unit represented by the

R;
ﬁ Il{ CHZ—é

RS— N—(CH,),—0—C=—0; and

Il
o)
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[0009] (b) at least one divalent unit represented by a
formula:
R,
et
HO—(EO)p—(PO)q—(EO)p—é=O;
R,
o
HO—(PO)q—(EO)p—(PO)q—é=O; or
R,
Lot
RIO—(EO)p—é=O;
[0010] wherein
[0011] R, represents a perfluoroalkyl group having from

1 to 8 carbon atoms;
[0012] R, R,, and R, are each independently hydrogen
or alkyl of 1 to 4 carbon atoms;

[0013] ~n is an integer from 2 to 10;
[0014] EO represents —CH,CH,O0—;
[0015] each PO independently represents —CH(CH,)

CH,0— or —CH,CH(CH,)0O—;

[0016] each p is independently an integer of from 1 to
about 128; and

[0017] each q is independently an integer of from 0 to
about 55; and

[0018] solvent comprising:

[0019] at least one of a polyol or polyol ether, wherein
the polyol and polyol ether have from 2 to 10 carbon
atoms; and

[0020] at least one monohydroxy alcohol, ether, or
ketone having from 1 to 4 carbon atoms, or a mixture
thereof.

[0021] Typically, the solvent is capable of at least one of
solubilizing or displacing brine or condensate in a hydro-
carbon-bearing clastic formation. Although not wishing to
be bound by theory, compositions and methods according to
the present invention may increase the productivity of wells
by solubilizing or displacing brine and/or condensate in a
hydrocarbon-bearing clastic formation accompanied by for-
mation of a surfactant layer on or about the rock in the
formation in the near wellbore region.

[0022] In some embodiments, the solvent comprises at
least one monohydroxy alcohol having from 1 to 4 carbon
atoms. In some embodiments, the composition is essentially
free of water. In some embodiments, the composition is
homogenous at a temperature of at least 100° F. (37.8° C.).
In some embodiments, the polyol and polyol ether have a
normal boiling point of less than 450° F. (232° C.). In some
embodiments, R is perfluorobutyl. In some embodiments,
the nonionic fluorinated polymeric surfactant has a number
average molecular weight in the range from 1,000 to 30,000
grams/mole.

[0023] In another aspect, the present invention provides a
method of treating a hydrocarbon-bearing clastic formation,
the method comprising injecting a composition into the
hydrocarbon-bearing clastic formation, wherein the compo-
sition comprises:
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[0024] a nonionic fluorinated polymeric surfactant,
wherein the nonionic fluorinated polymeric surfactant com-
prises:
[0025] (a) at least one divalent unit represented by the
formula:
R,
|
R
RS— N—(CH,),—0—C=0; and
Il
(6]
[0026] (b) at least one divalent unit represented by a
formula:
R,
|
CHZ—T
HO— (EO),— (PO),— (E0),—C=0;
R;
|
CHZ—T
HO—(PO);— (EO),— (PO);—C=0; or
R,
|
CHZ—T
R,0— (B0),—C=0;
[0027] wherein
[0028] R represents a perfluoroalkyl group having from

1 to 8 carbon atoms;
[0029] R, R,, and R, are each independently hydrogen
or alkyl of 1 to 4 carbon atoms;

[0030] n is an integer from 2 to 10;
[0031] EO represents —CH,CH,O0—;
[0032] each PO independently represents —CH(CHj;)

CH,0— or —CH,CH(CH;)0O—;

[0033] each p is independently an integer of from 1 to
about 128; and

[0034] each q is independently an integer of from O to
about 55; and

[0035] solvent comprising:

[0036] at least one of a polyol or polyol ether, wherein
the polyol and polyol ether have from 2 to 10 carbon
atoms; and

[0037] at least one monohydroxy alcohol, ether, or
ketone having from 1 to 4 carbon atoms, or a mixture
thereof,

[0038] wherein the solvent is capable of at least one of
solubilizing or displacing brine or condensate in the
hydrocarbon-bearing clastic formation.

[0039] In some embodiments, the solvent is capable of at
least one of solubilizing or displacing brine in the hydro-
carbon-bearing clastic formation. In some embodiments, the
solvent is capable of at least one of solubilizing or displacing
condensate in the hydrocarbon-bearing clastic formation. In
some embodiments, the brine comprises connate water. In
some embodiments, the hydrocarbon-bearing clastic forma-
tion is downhole. In some embodiments, downhole condi-
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tions comprise a pressure in a range from about 1 bar to 1000
bars and a temperature in a range from about 100° F. (37.8°
C.) to 400° F. (204° C.). In some embodiments, the com-
position is injected into the hydrocarbon-bearing clastic
formation during and/or after fracturing the hydrocarbon-
bearing clastic formation. In some embodiments, the hydro-
carbon-bearing clastic formation has a wellbore therein, and
the method further comprises obtaining hydrocarbons from
the wellbore in the after injecting the composition into the
hydrocarbon-bearing clastic formation.

[0040] Compositions and methods according to the
present invention are typically useful, for example, for
increasing the productivity of oil and/or gas wells that have
brine and/or condensate present in a near wellbore region of
a hydrocarbon-bearing clastic formation.

[0041] The effectiveness of compositions according to the
present invention for improving hydrocarbon productivity of
a particular oil and/or gas well having brine (and/or con-
densate) accumulated in the near wellbore region will typi-
cally be determined by the ability of the composition to
dissolve the quantity of brine (and/or condensate) present in
the near wellbore region of the well. Hence, at a given
temperature greater amounts of compositions having lower
brine (and/or condensate) solubility (i.e., compositions that
can dissolve a relatively lower amount of brine or conden-
sate) will typically be needed than in the case of composi-
tions having higher brine (and/or condensate) solubility and
containing the same surfactant at the same concentration.

[0042] To facilitate the understanding of this invention, a
number of terms are defined below. Terms defined herein
have meanings as commonly understood by a person of
ordinary skill in the areas relevant to the present invention.
Terms such as “a”, “an” and “the” are not intended to refer
to only a singular entity, but include the general class of
which a specific example may be used for illustration. The
terminology herein is used to describe specific embodiments
of the invention, but their usage does not delimit the
invention, except as outlined in the claims.

[0043] The following definitions of terms apply through-
out the specification and claims.

[0044] The term “brine” refers to water having at least one
dissolved electrolyte salt therein (e.g., having any nonzero
concentration, and which may be less than 1000 parts per
million by weight (ppm), or greater than 1000 ppm, greater
than 10,000 ppm, greater than 20,000 ppm, 30,000 ppm,
40,000 ppm, 50,000 ppm, 100,000 ppm, 150,000 ppm, or
even greater than 200,000 ppm).

[0045] The term “downhole conditions” refers to the tem-
perature, pressure, humidity, and other conditions that are
commonly found in subterranean clastic formation.

[0046] The term “homogeneous” means macroscopically
uniform throughout and not prone to spontaneous macro-
scopic phase separation.

[0047] The term “hydrocarbon-bearing clastic formation”
includes both hydrocarbon-bearing clastic formations in the
field (i.e., subterranean hydrocarbon-bearing clastic forma-
tions) and portions of such hydrocarbon-bearing clastic
formations (e.g., core samples).

[0048] The term “hydrolyzable silane group™ refers to a
group having at least one Si—O-Z moiety that undergoes
hydrolysis with water at a pH between about 2 and about 12,
wherein Z is H or substituted or unsubstituted alkyl or aryl.



US 2008/0051300 Al

[0049] The term “nonionic” refers to being free of ionic
groups (e.g., salts) or groups (e.g., —CO,H, —SO;H,
—OSO;H, —P(=0)(OH),) that are readily substantially
ionized in water.

[0050] The term “normal boiling point” refers to the
boiling point at a pressure of one atmosphere (100 kPa).
[0051] The term “polymer” refers to a molecule of
molecular weight of at least 1000 grams/mole, the structure
of which essentially includes the multiple repetition of units
derived, actually or conceptually, from molecules of low
relative molecular mass.

[0052] The term “polymeric” refers to including a poly-
mer.
[0053] The term “solvent” refers to a homogenous liquid

material (inclusive of any water with which it may be
combined) that is capable of at least partially dissolving the
nonionic fluorinated polymeric surfactant(s) with which it is
combined at 25° C.

[0054] The term “surfactant” refers to a surface-active
material.
[0055] The term “water-miscible” means soluble in water

in all proportions.

[0056] The term “productivity” as applied to a well refers
to the capacity of a well to produce hydrocarbons; that is, the
ratio of the hydrocarbon flow rate to the pressure drop,
where the pressure drop is the difference between the
average reservoir pressure and the flowing bottom hole well
pressure (i.e., flow per unit of driving force).

BRIEF DESCRIPTION OF THE DRAWING

[0057] For a more complete understanding of the features
and advantages of the present invention, reference is now
made to the detailed description along with the accompa-
nying figures and in which:

[0058] FIG. 1 is a schematic illustration of an exemplary
embodiment of an offshore oil and gas platform operating an
apparatus for progressively treating a near wellbore region
according to the present invention; and

[0059] FIG. 2 is a schematic illustration of the core flood
set-up used for the Examples.

DETAILED DESCRIPTION

[0060] Useful compositions comprise a nonionic fluori-
nated polymeric surfactant and solvent.

[0061] Useful nonionic fluorinated polymeric surfactants
comprise:

[0062] (a) at least one divalent unit represented by the
formula:

R;
|(|) Il{ CHZ—é

RS— N—(CH,),—0—C=—0; and

Il
o
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[0063] (b) at least one divalent unit represented by a

formula:
Ry
CHZ—%

HO—(EO),—(PO);—(EO0), —C=0;

Ry
|
CHZ—T

HO— (PO),— (EO),— (PO),—C==0;  or

R;
|
CHZ—T

R{0— (E0),—C=0.

[0064] R represents a perfluoroalkyl group having from 1
to 8 carbon atoms. Bxemplary groups R, include perfluo-
romethyl, perfluoroethyl, perfluoropropyl, perfluorobutyl
(e.g., perfluoro-n-butyl or perfluoro-sec-butyl), perfluoro-
pentyl, perfluorohexyl, perfluoroheptyl, and perfluorooctyl.
[0065] R, R,, and R, are each independently hydrogen or
alkyl of 1 to 4 carbon atoms (e.g., methyl, ethyl, n-propyl,
isopropyl, butyl, isobutyl, or t-butyl).

[0066] n is an integer from 2 to 10.
[0067] EO represents —CH,CH,O—.
[0068] Each PO independently represents —CH(CH,)

CH,0— or —CH,CH(CH,)O—.

[0069] Each p is independently an integer of from 1 to
about 128.
[0070] Each q is independently an integer of from O to

about 55. In certain embodiments, q may be in a range of
from 1 to 55 and the ratio p/q has a value of from at least 0.5,
0.75,1or 1.51t0 2.5, 2.7, 3, 4, 5, or more.
[0071] The nonionic fluorinated polymeric surfactants
described hereinabove are typically preparable by copoly-
merization of:

[0072] (a) at least one compound represented by the

formula

0 R,

|
RSO,N— (CH,),—OC—C=CH,; and

[0073] (b) at least one compound represented by a
formula:

0 R,

HO— (EO),— (PO)—(B0),——C—C=CHj;
0 R,

HO— (PO),— (EQ),— (PO);——C—C=CHy; or
0 R,

|
R—O0— (BO),——C—C=CH,

[0074] The nonionic fluorinated polymeric surfactants
described above can be prepared, for example, by techniques
known in the art (e.g., by free radical initiated copolymer-
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ization of a nonafluorobutanesulfonamido group-containing
acrylate with a poly(alkyleneoxy)acrylate (e.g., monoacry-
late or diacrylate) or mixtures thereof). Adjusting the con-
centration and activity of the initiator, the concentration of
monomers, the temperature, and the chain-transfer agents
can control the molecular weight of the polyacrylate copoly-
mer. The description of the preparation of such polyacrylates
is described, for example, in U.S. Pat. No. 3,787,351 (Ol-
son), the disclosure of which is incorporated herein by
reference. Preparation of nonafluorobutanesulfonamido
acrylate monomers are described, for example, in U.S. Pat.
No. 2,803,615 (Ahlbrecht et al.), the disclosure of which is
incorporated herein by reference. Examples of fluoro-
aliphatic polymeric esters and their preparation are
described, for example, in U.S. Pat. No. 6,664,354 (Savu et
al.), the disclosure of which is incorporated herein by
reference.

[0075] Methods described above for making nonafluo-
robutylsulfonamido group-containing structures can be used
to make heptafluoropropylsulfonamido groups by starting
with heptafluoropropylsulfonyl fluoride, which can be made,
for example, by the methods described in Examples 2 and 3
of U.S. Pat. No. 2,732,398 (Brice et al.), the disclosure of
which is incorporated herein by reference.

[0076] Useful nonionic fluorinated polymeric surfactants
typically have a number average molecular weight in the
range of from 1,000 to 10,000 grams/mole, 20,000 grams/
mole, or even 30,000 grams/mole, although higher and
lower molecular weights may also be useful.

[0077] It is also within the scope of the present invention
to use mixtures of nonionic fluorinated polymeric surfac-
tants.

[0078] In some embodiments, the nonionic fluorinated
polymeric surfactant is free of hydrolyzable silane groups.
This may be advantageous, for example, by prolonging the
storage-life of the composition.

[0079] Typically, compositions according to the present
invention include from at least 0.01, 0.015, 0.02, 0.025,
0.03, 0.035, 0.04, 0.045, 0.05, 0.055, 0.06, 0.065, 0.07,
0.075, 0.08, 0.085, 0.09, 0.095, 0.1, 0.15, 0.2, 0.25, 0.5, 1,
1.5, 2, 3, 4, or 5 percent by weight, up to 5, 6,7, 8,9, or 10
percent by weight of the nonionic fluorinated polymeric
surfactant, based on the total weight of the composition. For
example, the amount of the nonionic fluorinated polymeric
surfactant in the compositions may be in a range of from
0.01t010;0.1t010,0.1t0 5, 1 to 10, or even in a range from
1 to 5 percent by weight of the nonionic fluorinated poly-
meric surfactant, based on the total weight of the composi-
tion. Lower and higher amounts of the nonionic fluorinated
polymeric surfactant in the compositions may also be used,
and may be desirable for some applications.

[0080] The ingredients for compositions described herein
including nonionic fluorinated polymeric surfactants, water,
and solvent can be combined using techniques known in the
art for combining these types of materials, including using
conventional magnetic stir bars or mechanical mixer (e.g.,
in-line static mixer and recirculating pump).

[0081] The solvent comprises at least one of a polyol or
polyol ether and at least one monohydroxy alcohol, ether, or
ketone having from 1 to 4 carbon atoms, or a mixture
thereof. In the event that a component of the solvent is a
member of two functional classes, it may be used as either
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class but not both. For example, ethylene glycol methyl
ether may be a polyol ether or a monohydroxy alcohol, but
not as both simultaneously.

[0082] In some embodiments, the solvent consists essen-
tially of (i.e., does not contain any components that mate-
rially affect water solubilizing or displacement properties of
the composition under downhole conditions) at least one of
a polyol having from 2 to 10 carbon atoms or polyol ether
having from 2 to 10 carbon atoms, and at least one mono-
hydroxy alcohol having from 1 to 4 carbon atoms, ether
having from 1 to 4 carbon atoms, or ketone having from 1
to 4 carbon atoms, or a mixture thereof.

[0083] The solvent comprises at least one polyol and/or
polyol ether that has from 2 to 10 carbon atoms.

[0084] As used herein in referring to the solvent, the term
“polyol” refers to an organic molecule consisting of C, H,
and O atoms connected one to another by C—H, C—C,
C—0, O—H single bonds, and having at least two
C—O—H groups. For example, useful polyols may have
from 2 to 8 carbon atoms or from 2 to 6 carbon atoms, and
useful polyol ethers may have from 3 to 10 carbon atoms, for
example, from 3 to 8 carbon atoms or from 5 to 8 carbon
atoms. Exemplary useful polyols include ethylene glycol,
propylene glycol, 1,3-propanediol, trimethylolpropane,
glycerol, pentaerythritol, and 1,8-octanediol.

[0085] As used herein in referring to the solvent, the term
“polyol ether” refers to an organic molecule consisting of C,
H, and O atoms connected one to another by C—H, C—C,
C—0, O—H single bonds, and which is at least theoreti-
cally derivable by at least partial etherification of a polyol.
Exemplary useful polyol ethers include diethylene glycol
monomethyl ether, ethylene glycol monobutyl ether, and
dipropylene glycol monomethyl ether. The polyol and/or
polyol ether may have a normal boiling point of less than
450° F. (232° C.); for example, to facilitate removal of the
polyol and/or polyol ether from a well after treatment.
[0086] The solvent further comprises at least one mono-
hydroxy alcohol, ether, and/or ketone that may have up to
(and including) 4 carbon atoms. It is recognized that, by
definition, ethers must have at least 2 carbon atoms, and
ketones must have at least 3 carbon atoms.

[0087] As used herein in referring to the solvent, the term
“monohydroxy alcohol” refers to an organic molecule
formed entirely of C, H, and O atoms connected one to
another by C—H, C—C, C—0, O—H single bonds, and
having exactly one C—O—H group. Exemplary monohy-
droxy alcohols having from 1 to 4 carbon atoms include
methanol, ethanol, n-propanol, isopropanol, 1-butanol,
2-butanol, isobutanol, and t-butanol.

[0088] As used herein in referring to the solvent, the term
“ether” refers to an organic molecule formed entirely of C,
H, and O atoms connected one to another by C—H, C—C,
C—0, O—H single bonds, and having at least one
C—0O—C group. Exemplary ethers having from 2 to 4
carbon atoms include diethyl ether, ethylene glycol methyl
ether, tetrahydrofuran, p-dioxane, and ethylene glycol dim-
ethyl ether.

[0089] As used herein in referring to the solvent, the term
“ketone” refers to an organic molecule formed entirely of C,
H, and O atoms connected one to another by C—H, C—C,
C—O single bonds and C=0 double bonds, and having at
least one C—C(=0)—C group. Exemplary ketones having
from 3 to 4 carbon atoms include acetone, 1-methoxy-2-
propanone, and 2-butanone.
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[0090] The solvent is generally capable of solubilizing
and/or displacing brine and/or condensate in the hydrocar-
bon-bearing clastic formation. For example, the solvent may
be capable of at least one of solubilizing or displacing brine
in the hydrocarbon-bearing clastic formation. Likewise, the
solvent may be, for example, capable of at least one of
solubilizing or displacing condensate in the hydrocarbon-
bearing clastic formation.

[0091] The solvent may a single component or a mixture
of components. The amount of solvent typically varies
inversely with the amount of components in compositions
according to the present invention. For example, based on
the total weight of the composition the solvent may be
present in the composition in an amount of from at least 10,
20, 30, 40, or 50 percent by weight or more up to 60, 70, 80,
90, 95, 98, or even 99 percent by weight, or more.

[0092] Generally, the amount of the nonionic fluorinated
polymeric surfactant and solvent (and type of solvent) is
dependent on the particular application since conditions
typically vary between wells, at different depths of indi-
vidual wells, and even over time at a given location in an
individual well. Advantageously, compositions and methods
of the present invention can be customized for individual
wells and conditions.

[0093] Without wishing to be bound by theory, it is
believed that more desirable well treatment results are
obtained when the composition used in a particular near
wellbore region of a well is homogenous at the temperature
(s) encountered in the near wellbore region. Accordingly, the
composition is typically selected to treat the near wellbore
region of a hydrocarbon-bearing clastic formation is typi-
cally homogenous at at least one temperature found in the
near wellbore region.

[0094] In some embodiments, compositions according to
the present invention may further include water (e.g., in the
solvent). In some embodiments, compositions according to
the present invention are essentially free of water (i.e.,
contains less than 0.1 percent by weight of water based on
the total weight of the composition).

[0095] Embodiments of compositions according to the
present invention may be useful, for example, for recovering
hydrocarbons (e.g., at least one of methane, ethane, propane,
butane, hexane, heptane, or octane) from hydrocarbon-
bearing subterranean clastic formations (in some embodi-
ments, predominantly sandstone).

[0096] Referring to FIG. 1, an exemplary offshore oil and
gas platform is schematically illustrated and generally des-
ignated 10. Semi-submersible platform 12 is centered over
submerged hydrocarbon-bearing clastic formation 14
located below sea floor 16. Subsea conduit 18 extends from
deck 20 of platform 12 to wellhead installation 22 including
blowout preventers 24. Platform 12 is shown with hoisting
apparatus 26 and derrick 28 for raising and lowering pipe
strings such as work string 30.

[0097] Wellbore 32 extends through the various earth
strata including hydrocarbon-bearing clastic formation 14.
Casing 34 is cemented within wellbore 32 by cement 36.
Work string 30 may include various tools including, for
example, sand control screen assembly 38 which is posi-
tioned within wellbore 32 adjacent to hydrocarbon-bearing
clastic formation 14. Also extending from platform 12
through wellbore 32 is fluid delivery tube 40 having fluid or
gas discharge section 42 positioned adjacent to hydrocar-
bon-bearing clastic formation 14, shown with production
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zone 48 between packers 44, 46. When it is desired to treat
the near-wellbore region 55 of hydrocarbon-bearing clastic
formation 14 adjacent to production zone 48, work string 30
and fluid delivery tube 40 are lowered through casing 34
until sand control screen assembly 38 and fluid discharge
section 42 are positioned adjacent to the near-wellbore
region 55 of hydrocarbon-bearing clastic formation 14
including perforations 50. Thereafter, a composition
described herein is pumped down delivery tube 40 to
progressively treat near-wellbore region 55 of hydrocarbon-
bearing clastic formation 14.

[0098] While the drawing depicts an offshore operation,
the skilled artisan will recognize that the compositions and
methods for treating a production zone of a wellbore are
equally well-suited for use in onshore operations. Also,
while the drawing depicts a vertical well, the skilled artisan
will also recognize that compositions and methods for
wellbore treatment of the present invention are equally
well-suited for use in deviated wells, inclined wells or
horizontal wells.

[0099] Methods of using compositions described herein
are useful, for example on both existing and new wells.
Typically, it is believed to be desirable to allow for a shut-in
time after compositions described herein are contacted with
the hydrocarbon-bearing clastic formations. Exemplary set
in times include a few hours (e.g., 1 to 12 hours), about 24
hours, or even a few (e.g., 2 to 10) days.

[0100] The skilled artisan, after reviewing the instant
disclosure, will recognize that various factors may be taken
into account in practice of the present invention including,
for example, the ionic strength of the composition, pH (e.g.,
a range from a pH of about 4 to about 10), and the radial
stress at the wellbore (e.g., about 1 bar (100 kPa) to about
1000 bars (100 MPa)).

[0101] The present invention includes compositions and
methods for the injection of nonionic fluorinated polymeric
surfactants that modify the wetting properties of the rock in
a near wellbore region of a hydrocarbon-bearing geological
formation to remove brine and/or condensate. Although not
wanting to be bound by theory, it is believed the nonionic
fluorinated polymeric surfactants generally adsorb to clastic
formations under downhole conditions and typically remain
at the target site for the duration of an extraction (e.g., 1
week, 2 weeks, 1 month, or longer).

[0102] Compositions according to the present invention
are typically useful for treating hydrocarbon-bearing clastic
formations (e.g., hydrocarbon-bearing clastic formation that
are predominantly sandstone), especially those containing
brine and/or condensate. The method comprises injecting a
composition according to the present invention into the
hydrocarbon-bearing clastic formation. Typically, after treat-
ment according to the present invention hydrocarbons are
then obtained from the wellbore at an increased rate, as
compared the rate prior to treatment.

[0103] The method may be practiced, for example, in a
laboratory environment (e.g., on a core sample (i.e., a
portion) of a hydrocarbon-bearing clastic formation) or in
the field (e.g., on a subterranean hydrocarbon-bearing clastic
formation situated downhole in a well). Typically, methods
according to the present invention are applicable to down-
hole conditions having a pressure in a range of from about
1 bar (100 kPa) to about 1000 bars (100 MPa) and a
temperature in a range from about 100° F. (37.8° C.) to 400°
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F. (204° C.), although they may also be used to treat
hydrocarbon-bearing clastic formations under other condi-
tions.

[0104] In addition to brine and/or condensate, other mate-
rials (e.g., asphaltene or water) may be present in the
hydrocarbon-bearing clastic formation. Compositions and
methods according to the present invention may also be used
in those cases.

[0105] Compositions according to the present invention
may be injected into hydrocarbon-bearing clastic formations
in wells using methods (e.g., by pumping under pressure)
well known to those skilled in the oil and gas art.

[0106] Hydraulic fracturing is commonly used to increase
the productivity of brine and/or condensate blocked wells,
that is, wells that having a brine and/or condensate in the
near wellbore region of a hydrocarbon-bearing geological
formation. The hydraulic fracturing method is relatively
expensive, and may not be applicable in cases where brine
or condensate is present, for example, as fracturing into
additional brine or condensate bearing geological regions
may occur. However, in some instances it may be desirable
to utilize fracturing techniques and/or proppants as known in
the art in conjunction with the instant invention to increase
the production of hydrocarbon extraction from subterranean
clastic formations. It may also be desirable to treat proppant
with a composition described herein prior to injecting the
well. Sand proppants are available, for example, from Bad-
ger Mining Corp., Berlin, Wis.; Borden Chemical, Colum-
bus, Ohio; Fairmont Minerals, Chardon, Ohio. Thermoplas-
tics proppants are available, for example, from the Dow
Chemical Company, Midland, Mich.; and BJ Services,
Houston, Tex. Clay-based proppants are available, for
example, from CarboCeramics, Irving, Tex.; and Saint-
Gobain, Courbevoie, France. Sintered bauxite ceramic prop-
pants are available, for example, from Borovichi Refracto-
ries, Borovichi, Russia; 3M Company, St. Paul, Minn.;
CarboCeramics; and Saint Gobain. Glass bubble and bead
proppants are available, for example, from Diversified
Industries, Sidney, British Columbia, Canada; and 3M Com-
pany.

[0107] In some embodiments, compositions according to
the present invention are injected into the hydrocarbon-
bearing clastic formation during fracturing, after fracturing,
or during and after fracturing the hydrocarbon-bearing clas-
tic formation.

[0108] Advantages and embodiments of this invention are
further illustrated by the following examples, but the par-

Feb. 28, 2008

ticular materials and amounts thereof recited in these
examples, as well as other conditions and details, should not
be construed to unduly limit this invention. Unless otherwise
noted, all parts, percentages, ratios, etc. in the examples and
the rest of the specification are by weight. In the Tables, “nd”
means not determined.

EXAMPLES
[0109] Preparation of Fluorosurfactant A
[0110] Fluorosurfactant A was prepared essentially as in

Example 4 of U.S. Pat. No. 6,664,354 (Savu), except using
15.6 grams (g) of 50/50 mineral spirits/TRIGONOX-21-C50
organic peroxide initiator (tert-butyl peroxy-2-ethylhex-
anoate available from Akzo Nobel, Arnhem, the Nether-
lands) in place of 2,2'-azobisisobutyronitrile, and with 9.9 g
of 1-methyl-2-pyrrolidinone added to the charges.

[0111] Preparation of Fluorosurfactant B

[0112] Fluorosurfactant B was prepared essentially as in
Example 4 of U.S. Pat. No. 6,664,354 (Savu), except using
N-methylperfluorobutanesulfonamidoethyl acrylate (MeFB-
SEA) and PLURONIC acrylate in a weight ratio of 38:62
and 15.6 g of 50/50 mineral spirits/TRIGONOX-21-C50
organic peroxide initiator in place of 2,2'-azobisisobutyroni-
trile, and with 9.9 g of 1-methyl-2-pyrrolidinone added to
the charges.

Examples 1-24

[0113] General Procedure

[0114] Fluorosurfactant A (0.06 gram (g)) and two sol-
vents (Solvent 1 and Solvent 2, 3 g total amount) were added
to a vial to prepare a sample. Brine (composition: Ca=2096
ppm, Sr=444 ppm, Ba=212 ppm, Mg=396 ppm, K=277
ppm, Na=21015 ppm, Fe (dissolved)=9 ppm, Fe (total)=10
ppm, counterion was chloride, remainder was water) (0.25
g) was added to the vial, the vial shaken by hand, and the vial
was placed in a heated bath at 90° C. for one hour. The vial
was removed from the bath, and then visually inspected to
determine whether the sample was one phase. If the sample
was one-phase, the brine addition, shaking and heating steps
were repeated until the sample was no longer one-phase.

[0115] The solvents used for each Example and the initial
amounts of the solvents are shown in Table 1 (below),
wherein indicated weight percents of brine are based on the
combined total weight of the solvents, brine, and surfactant.

TABLE 1
BRINE BRINE
SOLVENT 2 (wt. %) (wt. %)
SOLVENT 1 (parts by NO PHASE PHASE-
EXAMPLE (parts by weight) weight) SEPARATION SEPARATED
1 1,3-propanediol isopropanol 13.6 21.5
(80) (IPA)
(20)
2 propylene glycol IPA 329 364
(PG) (30)
(70)
3 PG (90) IPA (10) 19.7 24.6
4 PG (80) IPA (20) 29 329
5 ethylene glycol ethanol (50) nd 24.6

(EG) (50)
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TABLE 1-continued
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BRINE BRINE
SOLVENT 2 (Wt. %) (Wt. %)
SOLVENT 1 (parts by NO PHASE PHASE-
EXAMPLE (parts by weight)  weight) SEPARATION  SEPARATED
6 EG (70) ethanol (30) nd 24.6
7 propylene glycol ethanol (50) nd 24.6
monobutyl ether
(PGBE) (50)
8 PGBE (70) ethanol (30) 14.0 19.7
9 dipropylene glycol  ethanol (50) 473 49.5
monomethy! ether
(DPGME)
(50)
10 DPGME (70) ethanol (30) 473 495
11 diethylene glycol ethanol (30) 329 364
monomethy! ether
(DEGME) (70)
12 triethylene glycol ethanol (50) nd 24.6
monomethy! ether
(TEGME) (50)
13 TEGME (70) ethanol (30) nd 24.6
14 1,8-octanediol (50)  ethanol (50) 51.5 nd
15 PG (70) tetrahydrofuran 24.6 29.0
(THF) (30)
16 PG (70) acetone (30) 29.0 329
17 PG (70) methanol (30) nd 24.6
18 PG (60) IPA (40) 39.5 424
19 2-butoxyethanol ethanol (20) 424 45.0
(BE) (80)
20 BE (70) ethanol (30) 45.0 495
21 BE (60) ethanol (40) 45.0 495
22 PG (70) ethanol (30) 24.6 29.0
23 EG (70) IPA (30) 3.8 7.3
24 glycerol (70) IPA (30) nd 7.6
Examples 25-30
TABLE 3
[0116] The General Procedure described in Examples 1-24
was followed with the modification that Fluorosurfactant B WATER WATER
" SOLVENT 1 SOLVENT 2 (Wt. %) (Wt. %)
was used in place of Fluorosurfactant A. The solvents used EXAM-  (parts by (parts by NO PHASE PHASE-
for each Example and the initial amounts of the solvents are PLE weight) weight) ~ SEPARATION ~ SEPARATED
shown in Table 2 (below), wherein indicated weight percents 30 EG (70) IPA (30) 7.1 10.3
of brine are based on the combined total weight of the 31 PG (70) IPA (30) 3L6 38.1
solvents, brine, and surfactant.
TABLE 2 Examples 32-33, [llustrative Example I, and
SOLVENT 1  SOLVENT 2 BRINE (wt. %) BRINE (wt. %) Comparative Example A
EXAM- (parts by (parts by NO PHASE PHASE-
PLE weight) weight) SEPARATION SEPARATED [0118] General Procedure
o .
25 PG (80) 1PA (20) nd 246 [0119] Fluorosgrfactant A (2% by weight) e}nd two sol-
26 PG (70) IPA (30) 24.6 29 vents were combined. The components were mixed together
27 PG (60) IPA (40) 29 32.9 using a magnetic stirrer and magnetic stir bar. The solvents
28 DEGME (70)  ethanol (30) 24.6 29.0 and amounts (in wt. % based on the total weight of the
29  DPGME (70)  ethanol (30) 36.4 39.5

Examples 30-31

[0117] The procedure described in Examples 1-24 was
followed with the following modifications. The amount of
surfactant used was 0.12 g, and water was used instead of
brine. The solvents used for each Example and the initial
amounts of the solvents are shown in Table 3 (below),
wherein indicated weight percents of water are based on the
combined total weight of the solvents, water, and surfactant.

composition) used for Examples 32 and 33, Illustrative
Example 1, and Comparative Example A are reported in
Table 4, below.

TABLE 4
EXAMPLE SOLVENT 1 (wt. %) SOLVENT 2 (wt. %)
32 PG (69) IPA (29)
33 DPGME (69) ethanol (29)
Illustrative Example I PG (69) ethanol (29)
Comparative Example A methanol (94) water (4)
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[0120] Core Flood Evaluation

[0121] Core Flood Setup:

[0122] A schematic diagram of a core flood apparatus 100

used to determine relative permeability of a substrate sample
(i.e., core) is shown in FIG. 2. Core flood apparatus 100
included positive displacement pumps (Model No. 1458;
obtained from General Electric Sensing, Billerica, Mass.)
102 to inject fluid 103 at constant rate into fluid accumula-
tors 116. Multiple pressure ports 112 on high-pressure core
holder 108 (Hassler-type Model UTPT-1x8-3K-13 obtained
from Phoenix, Houston Tex.) were used to measure pressure
drop across four sections (2 inches in length each) of core
109. An additional pressure port 111 on core holder 108 was
used to measure pressure drop across the entire length (8
inches) of core 109. In some experiments, pressure ports 112
were not used to make pressure measurements. Two back-
pressure regulators (Model No. BPR-50; obtained from
Temco, Tulsa, Okla.) 104, 106 were used to control the
flowing pressure upstream 106 and downstream 104 of core
109. A capillary viscometer 114 was placed in-line to
evaluate fluid going through core 109. The capillary vis-
cometer consisted of a stainless steel (SS-316) capillary tube
with Visth inch (0.15875 centimeter (cm)) outer diameter
purchased from Swagelok. The capillary viscometer was
used to determine the viscosity of selected fluids and not for
each core flood experiment.

[0123] The entire apparatus with the exception of the
positive displacement pumps 102 was enclosed inside pres-
sure- and temperature-controlled oven 110 (Model DC
1406F; maximum temperature rating of 650° F. (343° C.)
obtained from SPX Corporation, Williamsport, Pa.) at 275°
F. (135° C.). The maximum flow rate of fluid was 7,000
m[/hr. The flow of fluid was through a vertical core to avoid
gravity segregation of the gas.

[0124]

[0125] The substrates for core flooding evaluation were
Berea sandstone core plugs used for Examples 32-33, Illus-
trative Example I and Comparative Example A (i.e., one core
for each example or comparative example). Representative
properties of these core plugs are reported in Table 5, below.

Substrates:

TABLE 5

Berea Sandstone

Diameter, inch (cm) 1.0 (2.54)
Length, inch (cm) 8.0 (20.32)
Pore volume, mL 20.6
Porosity, % 20.0

[0126] The porosity was measured using either a gas
expansion method or by the weight difference between a dry
and a fully saturated core sample. The pore volume is the
product of the bulk volume and the porosity.

[0127]

[0128] A synthetic gas-condensate fluid containing 93
mole percent methane, 4 mole percent n-butane, 2 mole
percent n-decane, and 1 mole percent n-pentadecane was
used for the core flooding evaluation. Approximate values
for various properties of the fluid are reported Table 6,
below.

Synthetic Condensate Composition

Feb. 28, 2008

TABLE 6

4200 (2.9 x 107)
1500 (1.0 x 107)

Dewpoint, psig (Pa)
Core pressure, psig (Pa)

Liquid dropout, V/Vt % 3.2
Gas viscosity, cP 0.017
Oil viscosity, cP 0.22
Interfacial tension, 5.0
dynes/cm

[0129] Core Preparation

[0130] The cores described in Table 5 were dried for 72
hours in a standard laboratory oven at 95° C., and then were
wrapped in aluminum foil and heat shrink tubing (obtained
under the trade designation “TEFLON HEAT SHRINK
TUBING” from Zeus, Inc., Orangeburg, S.C.). Referring
again to FIG. 2, the wrapped core 109 was placed in core
holder 108 inside oven 110 at 75° F. (24° C.). An overburden
pressure of 3400 psig (2.3x107 Pa) was applied. The initial
single-phase gas permeability was measured using either
nitrogen or methane at a flowing pressure of 1200 psig
(8.3x106 Pa).

[0131] Brine, containing 92.25% water, 5.9% sodium
chloride, 1.6% calcium chloride, 0.23% magnesium chloride
hexahydrate, and 0.05% potassium chloride, was introduced
into the core 109 by the following procedure. The outlet end
of the core holder was connected to a vacuum pump and a
full vacuum was applied for 30 minutes with the inlet closed.
The inlet was connected to a burette with the brine in it. The
outlet was closed and the inlet was opened to allow a known
volume of brine to flow into the core. For example, a 26%
connate water saturation (i.e., 26% of the pore volume of the
core was saturated with water) was established by allowing
5.3 ml of brine to flow into the core before the inlet value
was closed. The permeability was measured at connate water
saturation by flowing nitrogen or methane gas at 1200 psig
and 75° F. (24° C.).

[0132]

[0133] Referring again to FIG. 2, the wrapped core 109 in
the core holder 108 was placed inside oven 110 at 275° F.
(135° C.) for several hours to allow it to reach reservoir
temperature. The synthetic gas-condensate fluid described
above was then introduced at a flow rate of about 690 mL/hr
until steady state was established. Upstream back-pressure
regulator 106 was set at about 4900 psig (3.38x107 Pa),
above the dew point pressure of the fluid, and downstream
back-pressure regulator 104 was set at about 1500 psig
(3.38x107 Pa), corresponding to the bottom hole flowing
well pressure. The gas relative permeability before treatment
was then calculated from the steady state pressure drop. The
surfactant composition was then injected into the core. After
at least 20 pore volumes were injected, the surfactant
composition was held in the core at 275° F. (135° C.) for
about 15 hours. The synthetic gas condensate fluid described
above was then introduced again at a flow rate of about 690
ml/hr using positive displacement pump 102 until a steady
state was reached. The gas relative permeability after treat-
ment was then calculated from the steady state pressure
drop. Following the relative permeability measurements,
methane gas was injected, using positive displacement pump
102, to displace the condensate and measure the final
single-phase gas permeability to demonstrate that no dam-
age had been done to the core.

Core Flooding Procedure
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[0134] For Examples 33 and 34, Illustrative Example I,
and Comparative Example A, the initial single-phase gas
permeability, measured prior to brine saturation, the initial
capillary number, the gas relative permeability before treat-
ment with the surfactant composition, the gas relative per-
meability after treatment, and the ratio of the gas relative
permeabilities after and before treatment (i.e., improvement
factor) are reported in Table 7, below.
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should be understood that this invention is not to be unduly
limited to the illustrative embodiments set forth herein.

What is claimed is:

1. A composition comprising:

a nonionic fluorinated polymeric surfactant, wherein the
nonionic fluorinated polymeric surfactant comprises:

TABLE 7
EXAMPLE EXAMPLE ILLUSTRATIVE COMPARATIVE
34 35 EXAMPLE I EXAMPLE A
Gas permeability, 88 62 269 231
millidarcy (md)
Capillary number 1.4x 107 73 x10°¢ 6.5 x 1076 1.1 x 107
Gas relative 0.074 0.24 0.12 0.084
permeability before
treatment
Gas relative 0.13 0.40 0.12 0.084
permeability after
treatment
Improvement factor 1.7 1.7 1.0 1.0

[0135] It is believed that Illustrative Example I showed no
improvement in the core flooding experiment because the
amount of brine present in the core was greater than the
amount of brine that can be solubilized by the composition
as shown in Example 24.

Example 36

[0136] The core flood evaluation procedure and conditions
described for Example 34 were followed, except the core
flooding was conducted on a Reservoir Core A sandstone
with the properties reported in Table 8, below.

TABLE 8
RESERVOIR
CORE A
Diameter, inch (cm) 1.0 (2.5)
Length, inch (cm) 4.5 (11.4)
Pore volume (mL) 6.2
Porosity (%) 10.8

[0137] The pore volume and porosity values shown in
Table 8 were determined as describe above in Example 34
for the Berea sandstone core plugs.

[0138] The results from the core flooding experiment are
reported in Table 9, below.

TABLE 9

Reservoir Core A

Gas permeability, md 61
Capillary number 1.5 x 107°
Gas relative permeability before treatment 0.074
Gas relative permeability after treatment 0.13
Improvement factor 1.7

[0139] Various modifications and alterations of this inven-
tion may be made by those skilled in the art without
departing from the scope and spirit of this invention, and it

(a) at least one divalent unit represented by the formula:

|

—N—(CH,),—0—C=0; and

(b) at least one divalent unit represented by a formula:

Ry
|
CHZ—T

HO— (E0),— (P0),— (E0),—C=0;
R;
o]
HO—(PO)q—(EO)p—(PO)q—é=O; or

Ry
I
CHZ—T

R,0—(EO), —C=0;

wherein

R represents a perfluoroalkyl group having from 1 to 8
carbon atoms;

R, R,, and R, are each independently hydrogen or alkyl
of 1 to 4 carbon atoms;

n is an integer from 2 to 10;

EO represents —CH,CH,O—;

each PO independently represents —CH(CH;)CH,O0—
or —CH,CH(CH;)0O—;

each p is independently an integer of from 1 to about
128; and

each q is independently an integer of from O to about
55; and
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solvent comprising:
at least one of a polyol or polyol ether, wherein the
polyol and polyol ether have from 2 to 10 carbon
atoms; and
at least one monohydroxy alcohol, ether, or ketone
having from 1 to 4 carbon atoms, or a mixture
thereof.

2. The composition of claim 1, wherein the solvent is
capable of at least one of solubilizing or displacing brine or
condensate in a hydrocarbon-bearing clastic formation.

3. The composition of claim 1, wherein said at least one
polyol or polyol ether comprises at least one of ethylene
glycol, propylene glycol, 1,3-propanediol, 1,8-octanediol,
diethylene glycol monomethyl ether, ethylene glycol
monobutyl ether, or dipropylene glycol monomethyl ether.

4. The composition of claim 1, wherein the solvent
comprises at least one monohydroxy alcohol having from 1
to 4 carbon atoms.

5. The composition of claim 1, wherein said at least one
monohydroxy alcohol, ether, or ketone having from 1 to 4
carbon atoms comprises at least one of methanol, ethanol,
isopropanol, tetrahydrofuran, or acetone.

6. The composition of claim 1, wherein the composition
is essentially free of water.

7. The composition of claim 1, wherein the composition
is homogenous at a temperature of at least 100° F.

8. The composition of claim 1, wherein the polyol and
polyol ether have a normal boiling point of less than 450° F.

9. The composition of claim 1, wherein Ris perfluorobu-
tyl.

10. The composition of claim 1, wherein the nonionic
fluorinated polymeric surfactant has a number average
molecular weight in the range of from 1,000 to 30,000
grams/mole.

11. A method of treating a hydrocarbon-bearing clastic
formation, the method comprising injecting a composition
into the hydrocarbon-bearing clastic formation, wherein the
composition comprises:

a nonionic fluorinated polymeric surfactant, wherein the

nonionic fluorinated polymeric surfactant comprises:

(a) at least one divalent unit represented by the formula:

R;
ﬁ Il{ CHZ—é

RS— N—(CH,),—0—C=—0; and

Il
o)

(b) at least one divalent unit represented by a formula:

Ry
|
CHZ—T

HO— (EO),— (PO);—(E0),—C=0;

Ry
I
CHZ—T

HO— (PO),— (EO),— (PO),—C==0; or
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-continued

R
|
CHZ—T

RiO—(EO),—C==0;

wherein

R represents a perfluoroalkyl group having from 1 to 8
carbon atoms;

R, R,, and R, are each independently hydrogen or alkyl
of 1 to 4 carbon atoms;

n is an integer from 2 to 10;

EO represents —CH,CH,O—;

each PO independently represents —CH(CH,)CH,O—
or —CH,CH(CH;)0O—;

each p is independently an integer of from 1 to about
128; and

each q is independently an integer of from O to about
55; and

solvent comprising:

at least one of a polyol or polyol ether, wherein the
polyol and polyol ether have from 2 to 10 carbon
atoms; and

at least one monohydroxy alcohol, ether, or ketone
having from 1 to 4 carbon atoms, or a mixture
thereof,

wherein the solvent is capable of at least one of
solubilizing or displacing brine or condensate in the
hydrocarbon-bearing clastic formation.

12. The method of claim 11, wherein the solvent is
capable of at least one of solubilizing or displacing brine in
the hydrocarbon-bearing clastic formation.

13. The method of claim 11, wherein the brine comprises
connate water.

14. The method of claim 11, wherein said at least one
polyol or polyol ether comprises at least one of ethylene
glycol, propylene glycol, 1,3-propanediol, 1,8-octanediol,
diethylene glycol monomethyl ether, ethylene glycol
monobutyl ether, or dipropylene glycol monomethyl ether.

15. The method of claim 11, wherein the solvent com-
prises at least one monohydroxy alcohol having from 1 to 4
carbon atoms.

16. The method of claim 11, wherein said at least one
monohydroxy alcohol, ether, or ketone having from 1 to 4
carbon atoms comprises at least one of methanol, ethanol,
isopropanol, tetrahydrofuran, or acetone.

17. The method of claim 11, wherein the composition is
essentially free of water.

18. The method of claim 11, wherein the hydrocarbon-
bearing clastic formation has at least one temperature, and
wherein the composition is homogenous at the temperature.

19. The method of claim 11, wherein the polyol and
polyol ether have a normal boiling point of less than 450° F.

20. The method of claim 11, wherein R is perfluorobutyl.

21. The method of claim 11, wherein the nonionic fluori-
nated polymeric surfactant has a number average molecular
weight in the range from 1,000 to 30,000 grams/mole.



US 2008/0051300 Al

22. The method of claim 11, wherein the hydrocarbon-
bearing clastic formation is downhole.

23. The method of claim 11, wherein downhole conditions
comprise a pressure in a range from about 1 bar to 1000 bars
and a temperature in a range of from about 100° F. to 400°
F.

24. The method of claim 11, wherein the composition is
injected into the hydrocarbon-bearing clastic formation dur-
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ing fracturing, after fracturing, or during and after fracturing,
the hydrocarbon-bearing clastic formation.

25. The method of claim 11, wherein the hydrocarbon-
bearing clastic formation has a wellbore therein, the method
further comprising obtaining hydrocarbons from the well-
bore after injecting the composition into the hydrocarbon-
bearing clastic formation.

#* #* #* #* #*



