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METHODS AND COMPOSITIONS FOR ENHANCING HYDROCARBON
PRODUCTION

FIELD OF THE INVENTION

The invention generally relates to compositions and methods for treating a subterranean
formation. More specifically, the invention relates to compositions and methods for treating a
subterranean formation to control the migration of particulates, such as formation sand and fines,
by using an ultra-thin tackifying compound.

BACKGROUND OF THE INVENTION

The invention relates to hydrocarbon production from wells drilled in a subterranean
formation. Hydrocarbon is obtained from a subterranean formation by drilling a wellbore that
penetrates the hydrocarbon-bearing formation. It is desirable to maximize both the rate of flow
and the overall amount of flow of hydrocarbon from the subterranean formation to the surface.

The rate of hydrocarbon flow and the overall amount of hydrocarbon flow declines when
the bottom hole flowing pressure falls below the dew point. When this occurs, a liquid aqueous
phase accumulates near the well. This condensate accumulation, sometimes called condensate
blocking, reduces the hydrocarbon relative permeability and thus the well’s hydrocarbon
productivity. The productivity loss associated with condensate buildup can be substantial. In
some cases, well productivities can decline by a factor of 2 to 4 as a result of condensate
accumulation.

The rate of hydrocarbon flow and the overall amount of hydrocarbon flow can be impacted
when well treatment fluids such as fracturing fluids, gravel pack fluids, and aqueous acidizing
fluids are injected into the formation. Well treatment fluids sometimes decrease hydrocarbon’s
relative permeability through the formation compared to other fluids in the reservoir because of
the limited reservoir pressure and capillary forces tightly holding the treatment fluids in the pore
spaces previously occupied by hydrocarbon. The pockets of treatment fluid, which are
interlocked with hydrocarbon, are hard to remove from the formation without some kind of
stimulation treatment.

Another way that the rate of hydrocarbon flow and the overall amount of hydrocarbon
flow is reduced is by fines production or sand migration in the formation or by precipitation. The
high velocity in the porous medium near the wellbore is sometimes sufficient to mobilize fines
that can then plug channels in the formation. More often, formation sand and fines often become

unstable and migrate as a result of water movement through the formation. Fines are most likely
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to move when the phase they wet is mobile, and since most formation fines are water-wet, the
presence of a mobile water phase can cause fines migration and subsequent formation damage. It
is desirable to minimize fines migration, since fines block flow paths, choking the potential
production of the well, as well as causing damage to downhole and surface equipment, such as
screens, pumps, flow lines, storage facilities, etc.

The problem of fines production is especially a problem in unconsolidated subterranean
zones. Hydrocarbon wells are often located in subterranean zones that contain unconsolidated
particulates that may migrate within the subterranean formation with the oil, gas, water, and/or
other fluids produced by the wells. The presence of particulates, such as formation sand, in
produced fluids is disadvantageous and undesirable in that the particulates may abrade pumping
and other producing equipment and reduce the fluid production capabilities of the producing
zones. Unconsolidated subterranean zones include those that contain loose particulates and those
wherein the bonded particulates have insufficient bond strength to withstand the forces produced
by the production of fluids through the zones.

One method of controlling particulates in unconsolidated formations involves placing a
filtration bed containing sand or “gravel” near the well bore in order to present a physical barrier
to the transport of unconsolidated formation fines with the production of hydrocarbons.
Typically, such gravel packing operations involve the pumping and placement of a quantity of a
desired particulate into the unconsolidated formation in an area adjacent to a well bore.

One common type of gravel packing operation involves placing a gravel pack screen in
the well bore and packing the surrounding annulus between the screen and the well bore with
gravel of a specific size designed to prevent the passage of formation sand. The gravel pack
screen is generally a filter assembly used to retain the gravel placed during gravel pack operation.
A wide range of sizes and screen configurations are available to suit the characteristics of the
gravel pack sand used. Similarly, a wide range of sizes of gravel is available to suit the
characteristics of the unconsolidated or poorly consolidated particulates in the subterranean
formation. The resulting structure presents a barrier to migrating sand from the formation while
still permitting fluid flow.

When installing the gravel pack, the gravel is carried to the formation in the form of a
slurry by mixing the gravel with a viscose transport fluid. Once the gravel is placed in the well
bore, the viscosity of the transport fluid is reduced, and it is returned to the surface. Some gravel

packing operations, commonly known as "high-rate water packing" operations, the transport fluid
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viscosity is somewhat lowered and yet the gravel remains in suspension because the treatment
occurs at a substantially higher velocity.

Gravel packs act, inter alia, attempt to stabilize the formation while causing minimal
impairment to well productivity. The gravel, inter alia, acts to prevent the particulates from
occluding the screen or migrating with the produced fluids. The screen, inter alia, acts to prevent
the gravel from entering the production tubing. However, such gravel packs may be time
consuming and expensive to install.

Another method used to control particulates in unconsolidated formations involves
consolidating a subterranean producing zone into hard, permeable masses. Consolidation of a
subterranean formation zone often involves applying a resin followed by a spacer fluid and then a
catalyst. Such resin application may be problematic when, for example, an insufficient amount
of spacer fluid is used between the application of the resin and the application of the external
catalyst. The resin may come into contact with the external catalyst in the well bore itself rather
than in the unconsolidated subterranean producing zone. When resin is contacted with an
external catalyst, an exothermic reaction occurs that may result in rapid polymerization,
potentially damaging the formation by plugging the pore channels, halting pumping when the
well bore is plugged with solid material, or resulting in a downhole explosion as a result of the
heat of polymerization. Also, using these conventional processes to treat long intervals of
unconsolidated regions is not practical due to the difficulty in determining if the entire interval
has been successfully treated with both the resin and the external catalyst.

In addition to the unconsolidated formation sands often found in subterranean formations,
particulate materials are often introduced into subterranean zones in conjunction with
conductivity enhancing operations and sand control operations. Conductivity enhancing and sand
control operations may be performed as individual treatments, or may be combined where
desired.

Therefore, it is desirable to develop a treatment method and composition to improve or
maintain the rate of hydrocarbon flow and increase the overall amount of hydrocarbon flow as
well as reduce fines migration, which often results in near-wellbore damage, so that the
hydrocarbon flow rate and overall amount of hydrocarbon flow can be maintained at an

acceptable level.
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SUMMARY OF THE INVENTION

The invention provides a composition for use in a subterranean formation penetrated by a
wellbore, the composition comprising: a) a solvent consisting essentially of a water-soluble
solvent selected from the group consisting of any solvent that is at least 25% by weight soluble in
water and any mixture of two or more thereof in any proportion, wherein the solvent is from
about 90% to about 99.9% by weight of the composition; and b) a tackifying compound, wherein
the tackifying compound is from about 0.01% to about 10% by weight of the composition;
wherein the tackifying compound and the solvent are mutually selected such that, for the ratio of
the tackifying compound to the solvent, the tackifying compound is soluble in the solvent.

The invention also provides a composition for a subterranean formation penetrated by a
wellbore, the composition comprising: a) a solvent consisting essentially of isopropyl alcohol,
wherein the solvent is from about 90% to about 99.9% by weight of the composition; and b) a
tackifying compound, wherein the tackifying compound is from about 0.01% to about 10% by
weight of the composition.

The invention also provides a method for treating a subterranean formation penetrated by
a wellbore, the method comprising the steps of: a) forming a composition, wherein the
composition comprises: i) a solvent consisting essentially of a water-soluble solvent selected
from the group consisting of any solvent that is at least 25% by weight soluble in water and any
mixture of two or more thereof in any proportion, wherein the solvent is from about 90% to
about 99.9% by weight of the composition; and ii) a tackifying compound, wherein the
tackifying compound is from about 0.01% to about 10% by weight of the composition; wherein
the tackifying compound and the solvent are mutually selected such that, for the ratio of the
tackifying compound to the solvent, the tackifying compound is soluble in the solvent; and b)

introducing the composition through the wellbore into the subterranean formation.
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The invention also provides method for treating a subterranean formation penetrated by a
wellbore, the method comprising the steps of: a) forming a composition, wherein the
composition comprises: i) a solvent consisting essentially of isopropyl alcohol, wherein the
solvent is from about 90% to about 99.9% by weight of the composition; and ii) a tackifying
compound, wherein the tackifying compound is from about 0.01% to about 10% by weight of the
composition; and b) introducing the composition through the wellbore into the subterranean
formation.

These and other aspects of the invention will be apparent to one skilled in the art upon
reading the following detailed description. While the invention is susceptible to various
modifications and alternative forms, specific embodiments thereof will be described in detail and
shown by way of example. It should be understood, however, that it is not intended to limit the
invention to the particular forms disclosed, but, on the contrary, the invention is to cover all
modifications and alternatives falling within the spirit and scope of the invention as expressed in
the appended claims.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with the invention, the composition of the invention comprises a solvent
and a tackifying compound that can be introduced into a subterranean formation. The
composition of the invention can be incorporated in a mixture with a particulate material such as
conventional proppants or gravel packing materials and introduced into a subterranean formation,
or the composition can be introduced as a treatment fluid to contact conventional proppants or
gravel packing materials that had been previously introduced.

The solvent of the invention consists essentially of a water-soluble solvent selected from
the group consisting of any solvent that is at least 25% by weight soluble in water and any
mixture of two or more thereof in any proportion. The presently most-preferred water-soluble
solvent for use in the invention is isopropyl alcohol. It is also contemplated that other water-
soluble solvents, such as butylglycidyl ether, dipropylene glycol methyl ether, butyl bottom
alcohol, dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl ether,
ethyleneglycol butyl ether, methanol, diethyleneglycol butyl ether, propylene carbonate, d-
limonene, 2-butoxy ethanol, butyl acetate, furfuryl acetate, butyl lactate, dimethyl sulfoxide,
dimethyl formamide, fatty acid methyl esters, or any mixtures in any proportion. Preferably, the

water-soluble solvent is hygroscopic, or readily absorbs water. The solvent is from about 90%to
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about 99.9% by weight of the composition. Preferably, the solvent is present in the composition
at a weight percent of about 95-99%.

The tackifying compound for use in the invention can be selected from the group
consisting of a polyamide, a polyester, a polycarbonate, a polycarbomate, a natural resin, or any
mixture thereof in any proportion. The tackifying compound can also comprise a condensation
reaction product of dimmer acid containing some trimer and higher oligomers and some
monomer acids with a polyamine. Further, the tackifying compound can comprise at least one
member selected from the group consisting of ethelenediamine, diethlenetriamine,
triethylenetetraamine, tetracthylene pentaamine, aminoethylpiperazine, and any mixture thereof
in any proportion. Other tackifying compounds for use in the invention are also within the scope
of the invention, especially such tackifying compounds described in Halliburton’s U.S. Patent
Nos. 5,775,425 issued July 7, 1998; 5,787,986 issued Aug. 4, 1998 by Jim D. Weaver et al.;
5,833,000 issued Nov. 10, 1998 by Jim D. Weaver etal.; 5,839,510 issued Nov. 24, 1998 by Jim
D. Weaveretal.; 5,871,049 issued Feb. 16, 1999 by Jim D. Weaver etal.; 5,853,048 issued Dec.
29, 1988 by Jim D. Weaver; and 6,047,772 issued Apr. 11, 2000 by Jim D. Weaver et al., and
6,209,643 issued Apr. 3, 2001 by Philip D. Nguyen et al., the entire disclosures of which are
incorporated herein by reference in their entirety. The tackifying compound is from about 0.01%
to about 10% by weight of the composition. Preferably, the tackifying compound is from about
0.1% to about 5% by weight of the composition.

The ratio of the tackifying compound in the water-soluble solvent can be from about0.01:
99.99 to about 10:90 by weight relative to one another. The tackifying compound and the
solvent are mutually selected such that, for the ratio of the tackifying compound to the solvent,
the tackifying compound is soluble in the solvent. The ratio of the tackifying compound in the
water-soluble solvent can also be from about 0.5:99.5 to about 5:95 by weight relative to one
another. The tackifying compound and the solvent are mutually selected such that, for the ratio
of the tackifying compound to the solvent, the tackifying compound is soluble in the solvent. For
example, the ratio of polyamide in isopropyl alcohol is from about 1:99 to about 3:97 by weight
relative to one another.

Without being limited to theory, it is believed that the composition of the invention
advantageously increases hydrocarbon flow rate and overall amount of hydrocarbon flow as a
combined result of: a) miscible displacement of water by the water-soluble solvent to reduce or

prevent water buildup (water “block™) which chokes off the flow path of hydrocarbon; b)
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stabilization of the formation fines by the tackifying compound; and c) “wetting” the surface of
the formation with the tackifying compound that serves to repel water with its hydrophobicity. It
is believed that displacing water from the formation and introducing a tacking compound provide
synergistic benefits to increase hydrocarbon production. As a result, permeability of aqueous
fluids is increased through the composition-treated formation, which allows the water to be
expelled out of the formation matrix near the wellbore or fracture faces surrounding the proppant
pack.

It has been found that the water-soluble solvent for use in the invention increases the
relative permeability of hydrocarbon compared to other aqueous fluids in the formation by
reducing water condensate and water blocking in the subterranean formation. The hygroscopic,
water-soluble solvent is effective in removing both condensate and water to restore gas
productivity in both low and high permeability formations. The water-soluble solvent removes
both water and condensate by a multi-contact miscible displacement. Further explanation of this
theory is found in SPE 77546, entitled “Laboratory Measurements of Condensate Blocking and
Treatment for Both Low and High Permeability Rocks”, and SPE 80901, entitled “A Successful
Methanol Treatment in a Gas-Condensate Reservoir: Field Application”.

Also, the invention serves to stabilize the formation fines by consolidating the fines in the
formation, thereby preventing the fines from migrating, which consequently results in blocking
hydrocarbon flow paths. In particular, the fines are stabilized by the tackifying compound,
thereby preventing fines from plugging the pores of the formation, especially after acidizing
treatments. Further, the fines are prevented from being produced, disrupting the production
schedule and damaging downhole and surface equipment.

Furthermore, the tackifying compound of the composition is capable of coating the
surfaces of the formation sands or particulates, the surface of propped fractures or natural
fractures, and/or the surface of proppants, thus “wetting” the surface with the tackifying
compound. Wettability describes how a fluid adheres to a surface. Wettability plays a major role
in defining how hydrocarbon and water coexist in pores of a formation and, therefore, influence
numerous properties such as relative permeability of fluids. When more than one fluid is present
in a permeable system, the flow of each is affected by the amount and distribution of the other(s).
In uniformly wetted formations, the relative permeability to one fluid increases as the system

becomes more wetted by the other fluid.
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The tackifying compound forms an oil-wet surface on the formation, thereby increasing
the permeability of aqueous fluids through the formation. With an increase of permeability of
aqueous fluids through the formation, the production of the aqueous fluids is facilitated. It is
desired to increase the permeability of aqueous fluids through the formation because the presence
of aqueous fluid, whether from natural brines, a result of condensation, or injected as a treatment,
acts as a barrier to hydrocarbon migration from the formation into the wellbore. The aqueous-
based treatment fluids can saturate the pore spaces of the treated region, preventing the migration
of hydrocarbon into and through the same pore spaces. In an analogous manner, if the well is to
be produced without first stimulating, naturally occurring aqueous fluids in the formation in the
flow path or potential flow path may hinder hydrocarbon production.

It is believed that the tackifying compound chemically binds to the surface of the
formation, particulates, or proppants, at least partially coating the surface, thereby increasing its
hydrophobicity. In this way, the coating of the tackifying compound formed on the surface is
able to remain on the surface over an extended period of time, providing long-term benefits.
Thus, minor, if any, amount of tackifying compound is produced from the formation.

The composition of the invention can be introduced ahead of, along with, or following
any well treatment procedure, including but not limited to hydraulic fracturing treatments, gravel
packing treatments, and acidizing treatments. The composition of the invention can also include
other materials that do not adversely affect the benefits of the composition.

The composition of the invention can also be used in conjunction with a preflush
treatment fluid. For example, a preflush treatment fluid comprising a mixture of mutual solvent
and brine or simply a brine solution can be introduced into the formation to remove oil residue
prior to introducing the composition. Other preflush treatment fluids are also contemplated, such
as an acidizing treatment.

Further, the composition can be used as a preflush treatment for hydraulic fracturing or a
prepack treatment fluid for gravel packing operations.

The composition can be used as a remedial treatment to be injected into the formation
through the proppant or gravel pack of a previously performed fracturing treatment or gravel
pack.

The composition can also be used to coat gravel or other particulates to alter the surface

wettability of the gravel, proppant, or other particulates in order to easily remove any water or
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condensate that is formed in the porous matrix of the gravel, proppant, or other particulates, as
well as in the formation matrix located near the gravel pack, proppant pack, or acidized fractures.

The composition is especially advantageous as a remediation treatment after the
tackifying compound is used to at least partially coat proppants as described in Halliburton’s
U.S. Patent Nos. 5,775,425 issued July 7, 1998; 5,787,986 issued Aug. 4, 1998 by Jim D. Weaver
etal.; 5,833,000 issued Nov. 10, 1998 by Jim D. Weaver et al.; 5,839,510 issued Nov. 24, 1998,
by Jim D. Weaver et al.; 5,871,049 issued Feb. 16, 1999 by Jim D. Weaver et al.; 5,853,048
issued Dec. 29, 1988 by Jim D. Weaver; and 6,047,772 issued Apr. 11, 2000 by Jim D. Weaver
etal.,and 6,209,643 issued Apr. 3, 2001 by Philip D. Nguyen et al. When used as a remediation
treatment in such applications, an especially advantageous oil-wet surface on the proppants as
well as the formation’s surface is formed by the composition. The composition allows aqueous
fluids to easily flow through the formation to be produced from the formation or to flow into the
formation such as in aqueous well treatment fluids.

The invention also provides a method for treating a subterranean formation penetrated by
a wellbore, the method comprising the steps of: a) forming a composition, wherein the
composition comprises: i) a solvent consisting essentially of a water-soluble solvent selected
from the group consisting of any solvent that is at least 25% by weight soluble in water and any
mixture of two or more thereof in any proportion, wherein the solvent is from about 90% to
about 99.9% by weight of the composition; and ii) a tackifying compound, wherein the
tackifying compound is from about 0.01% to about 10% by weight of the composition; wherein
the tackifying compound and the solvent are mutually selected such that, for the ratio of the
tackifying compound to the solvent, the tackifying compound is soluble in the solvent; and b)
introducing the composition through the wellbore into the subterranean formation. The method
can also comprise the step of flowing back fluid from the subterranean formation. The fluid that
is flowed back from the subterranean formation can comprise water from the formation, brine
from the formation, water or brine that has been introduced into the formation, and or any
mixture thereof in any proportion.

The invention also provides method for treating a subterranean formation penetrated by a
wellbore, the method comprising the steps of: a) forming a composition, wherein the
composition comprises: i) a solvent consisting essentially of isopropyl alcohol, wherein the
solvent is from about 90% to about 99.9% by weight of the composition; and ii) a tackifying
compound, wherein the tackifying compound is from about 0.01% to about 10% by weight of the
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composition; and b) introducing the composition through the wellbore into the subterranean
formation. The method can also further comprise the step of flowing back fluid from the
subterranean formation. The fluid that is flowed back from the subterranean formation can
comprise water from the formation, brine from the formation, water or brine that has been
introduced into the formation, and or any mixture thereof in any proportion.

In one embodiment of the invention, the invention provides a method comprising the
steps of: a) introducing a drying fluid through the wellbore to remove water condensate from the
fofmation, wherein the fluid has the property of being hygroscopic; and thereafter b) introducing
a composition through the wellbore into the subterranean formation, wherein the composition
comprises a solvent and a tackifying compound. The tackifying compound is from about 0.01%
to about 10% by weight of the composition, and the tackifying compound and the solvent are
mutually selected such that, for the ratio of the tackifying compound to the solvent, the tackifying
compound is soluble in the solvent.

In another embodiment, the invention provides a method for treating a subterranean
formation penetrated by a wellbore, the method comprising the steps of: a) introducing a drying
fluid through the wellbore into the subterranean formation, wherein the drying fluid comprises
isopropyl alcohol; and thereafter b) introducing a composition through the wellbore into the
subterranean formation, wherein the composition comprises a solvent, and a tackifying
compound. The tackifying compound is from about 0.01% to about 10% by weight of the
composition, and the tackifying compound and the solvent are mutually selected such that, for
the ratio of the tackifying compound to the solvent, the tackifying compound is soluble in the
solvent.

The drying fluid for this embodiment of the invention can be any hygroscopic fluid. The
presently most-preferred drying fluid for use in the invention is isopropyl alcohol. Itis believed
that by introducing a drying fluid prior to introducing the composition of solvent and tackifying
compound, much of the condensate can be removed from the formation. It is also contemplated
that other water-soluble solvents, such as butylglycidyl ether, dipropylene glycol methyl ether,
butyl bottom alcohol, dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol
methyl ether, ethyleneglycol butyl ether, methanol, diethyleneglycol butyl ether, propylene
carbonate, d-limonene, 2-butoxy ethanol, butyl acetate, furfuryl acetate, butyl lactate, dimethyl

sulfoxide, dimethyl formamide, fatty acid methyl esters, or any mixtures in any proportion.
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Preferably, the drying fluid that is introduced into the subterranean formation consists essentially
of isopropyl alcohol.

The solvent for this embodiment of the invention can be any solvent that is capable of
dissolving the tackifying compound; however, the most preferred solvents are hygroscopic
solvents, such as for example, butylglycidyl ether, dipropylene glycol methyl ether, butyl
bottom alcohol, dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol
methyl ether, ethyleneglycol butyl ether, methanol, diethyleneglycol butyl ether, propylene
carbonate, d-limonene, 2-butoxy ethanol, butyl acetate, furfuryl acetate, butyl lactate,
dimethyl sulfoxide, dimethyl formamide, fatty acid methyl esters, or any mixtures in any
proportion. Of these, isopropyl alcohol is preferred. Other solvents that can be used to
dissolve the tackifying compound can include distillates, butyl alcohol, a heavy aromatic
solvent such as xylene, toluene, heavy aromatic naptha or the like, mutual solvents such as
ethylene glycol monobutyl ether, propylene carbonate or n-methylpyrolidone or the like;
however, it is believed that these solvents do not have the benefit of further removing
condensate from the subterranean formation as do the hygroscopic solvents such as isopropyl
alcohol. Preferably, the tackifying compound is introduced in an ultra-thin composition
having about 90% or more by weight solvent. It should be understood by those skilled in the
art that one or more intermediate steps can be performed between the steps of introducing the
drying fluid and introducing the tackifying compound, provided that an intermediate step
does not introduce a substantial amount of water into the formation. Of course, before or
after treating the formation according to the invention with drying fluid and the tackifying
compound, it would be possible to use other aqueous treatments.

To further illustrate the present invention, and not by way of limitation, the following
examples are provided.

EXAMPLE 1

Experiments were performed with consolidated Berea core to determine if the
composition of the invention will result in damage to the permeability of the core. The
composition of the invention, or “ultra~thin tackifying compound,” was prepared with 2% of low
molecular weight polyamide tackifying compound and 98% isopropyl alcohol by weight relative
to one another. To begin, Berea core with dimensions of 2.5 inches in length and 1 inch in
diameter was first installed in Hassler sleeve and a confining pressure of 150 psi was applied on

the core during the treatment. The treatment procedure includes the following steps: 1) saturate
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the core with kerosene or 3% KCl brine and measure initial permeability; 2) flush with ultra-thin
tackifying compound; and 3) immediately reverse flow direction and measure permeability to
stimulate production flow. Turning now to Table 1, listed are the results of permeability
measurements using Berea cores for different fluid systems.

Table1 Permeability Measurements Using Berea Cores for Different Fluid Systems

Fluid systems Initial Final permeability % Retained
permeability (mD) (mD) permeability
Kerosene/ultra-thin 118 114 97
tackifying compound/
Kerosene
3% KClAiltra-thin 54 66 100+
tackifying compound/
3% KCl

The results of percent retained permeability indicate the treatment of the ultra-thin
tackifying compound does not cause significant reduction in initial permeability values of the
simulated formation cores, either the formation fluid is an aqueous or a hydrocarbon fluid.

EXAMPLE 2

To simulate formation fines, fines of Brazos River sand with sieve size of 200-mesh and
smaller was used. Seven grams of the simulated formation fines were mixed with 10 grams of
20/40-mesh Ottowa sand. The mixture was packed inside a 1 inch ID transparent acrylic flow
cell for ease of observation. Ottawa sand with mesh size of 40/60 mesh was packed below and
12/20-mesh Brady sand was packed above the simulated formation fines. The sand column was
then saturated with 3% K Cl brine and then flushed with 1 pore volume of ultra-thin tackifier (2%
of low molecular weight polyamide tackifying compound and 98% isopropyl alcohol by weight
relative to one another). Without curing or shut in, flow using 3% KCI brine was established
through the treated sand column in the opposite direction from the flow during treatment. Flow
rate was started at 10 mL/min and increased to 100 mL/min. Effluents were collected for total
suspended solid analysis to determine if the simulated formation fines were effectively controlled
by the treatment.

For comparison purposes, a control sample was prepared using the same sand column
except that the ultra-thin tackifying treatment fluid was not applied. It was observed thatas soon

as flow was established, fines particulate immediately began to migrate into the sand pack, even
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at low flow rates, and produced out in the effluents. The effluents were also collected for total
solid analysis (Table 2).
Table 2 Total Suspended Solid (mg/L) Collected in Each Effluent

Simulated production | Treated with ultra-thin | Control without ultra-thin
flow rate (mL/min) tackifying compound tackifying compound
(mg/L) (mg/L)

10 0 -

20 0 69

40 0 139
80 15 1320
100 19 868

The results in Table 2 indicate that that the composition treated with ultra-thin tackifier
was able to effectively control fines production, and all treated columns showed significant
improvement in fines control in comparison with the untreated control.

The fines-migration tests also show that the treatment with ultra-thin tackifier
successfully stops fines from being produced out in acid-treated columns that have been
previously treated with acid solution (here, 13.5% hydrochloric acid “HCI”/1.5% hydrofluoric
acid “HF”, which are made by mixing with a 3% KCl brine solution). In addition, as illustrated
in Table 3, the ultra-thin tackifier treatment was shown to successfully stop fines migration in

the fines-migration tests.

Table 3 — Effect of Ultra-Thin Tackifying Compound in Controlling Brazoes River Fines

after Acid Treatment
Total Suspended Solid in Effluents from Brazos River Fines
Columns (mg/L)

Flow Rate | Control after HCI/HF Treated with ultra-thin tackifying
(mL/min) treatment compound after HCI/HF treatment

10 90.8 29.3

20 48.5 10.9

40 202.1 10.1

80 459 .4 22.8

100 162.5 20.2

The effectiveness of controlling carbonates fines and coal fines was also demonstrated

by the column testing. The results are indicated in Table 4 and Table 5, respectively.
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Table 4 — Effect of Ultra-Thin Tackifying Compound in Controlling
Carbonate Fines
Total Suspended Solid in Effluents from Carbonate Fines Columns
(mg/L)
F(‘;;){VJHI??;;% Control Treated with ultra-thin tackifying compound
10 0 0
20 115.3 0
40 21.2 5.1
80 197.9 9.3
100 153.3 10.1

Table 5 — Effect of Ultra-Thin Tackifying Compound in Controlling

Coal Fines
Total Suspended Solid in Effluents from Coal Fines Columns (mg/L)

Flow Rate Control (without Treated with ultra-thin tackifying
(mL/min) treatment) compound

10 90.2 45.6

20 141.7 8.8

40 386.9 14.9

80 694.9 20.9

100 578.6 25.0

The results indicated that the treatment of ultra-thin tackifying compound was able to
effectively control fines production and all treated columns showed significant improvement in

fines control in comparing to that of the untreated column.

After careful consideration of the specific and exemplary embodiments of the present
invention described herein, a person of ordinary skill in the art will appreciate that certain
modifications, substitutions and other changes may be made without substantially deviating from
the principles of the present invention. The detailed description is illustrative, the spirit and

scope of the invention being limited only by the appended claims.
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What is claimed is:

1. A composition for use in a subterranean formation penetrated by a wellbore, the
composition comprising:

a. asolvent consisting essentially of a water-soluble solvent selected from the group
consisting of any solvent that is at least 25% by weight soluble in water and any
mixture of two or more thereof in any proportion, wherein the solvent is from
about 90% to about 99.9% by weight of the composition; and

b. atackifying compound, wherein the tackifying compound is from about 0.01%
to about 10% by weight of the composition;

wherein the tackifying compound and the solvent are mutually selected such that,
for the ratio of the tackifying compound to the solvent, the tackifying compound is

soluble in the solvent.

2. A composition for a subterranean formation penetrated by a wellbore, the composition
comprising:
a. asolvent consisting essentially of isopropyl alcohol, wherein the solvent is
from about 90% to about 99.9% by weight of the composition; and
b. atackifying compound, wherein the tackifying compound is from about 0.01%
to about 10% by weight of the composition.

3. The composition according to Claim 1, wherein the water-soluble solvent is selected
from the group consisting of butylglycidyl ether, dipropylene glycol methyl ether,
butyl bottom alcohol, dipropylene glycol dimethyl ether, dimethyl formamide,
diethyleneglycol methyl ether, ethyleneglycol butyl ether, methanol, diethyleneglycol
butyl ether, propylene carbonate, d-limonene, 2-butoxy ethanol, butyl acetate, furfuryl
acetate, butyl lactate, dimethyl sulfoxide, dimethyl formamide, fatty acid methyl

esters, and any mixture thereof in any proportion.
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4. The composition according to Claim 1, wherein the water-soluble solvent is

hygroscopic.

5. The composition according to Claim 1 or 2, wherein the tackifying compound is
selected from the group consisting of a polyamide, a polyester, a polycarbonate, a

polycarbomate, a natural resin, or any mixture thereof in any proportion

6. The composition according to Claim 1 or 2 further comprising a particulate.

7. A method for treating a subterranean formation penetrated by a wellbore, the method
comprising the steps of:
a. forming a composition, wherein the composition comprises:

i. asolvent consisting essentially of a water-soluble solvent selected from
the group consisting of any solvent that is at least 25% by weight soluble
in water and any mixture of two or more thereof in any proportion,
wherein the solvent is from about 90% to about 99.9% by weight of the
composition; and

ii. atackifying compound, wherein the tackifying compound is from
about 0.01% to about 10% by weight of the composition;

wherein the tackifying compound and the solvent are mutually selected

such that, for the ratio of the tackifying compound to the solvent, the
tackifying compound is soluble in the solvent; and
b. introducing the composition through the wellbore into the subterranean

formation.

8. The method according to Claim 7, the method further comprising the step of injecting

a preflush treatment fluid into the subterranean formation through the wellbore.
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9. A method for treating a subterranean formation penetrated by a wellbore, the method
comprising the steps of:
a. forming a composition, wherein the composition comprises:

i. asolvent consisting essentially of isopropyl alcohol, wherein the
solvent is from about 90% to about 99.9% by weight of the
composition; and

ii. a tackifying compound, wherein the tackifying compound is from
about 0.01% to about 10% by weight of the composition; and
b. introducing the composition through the wellbore into the subterranean

formation.

10. The method according to Claim 9, the method further comprising the step of injecting

a preflush treatment fluid into the subterranean formation through the wellbore.

11. The method according to Claim 8 or 10, wherein the preflush treatment fluid is
selected from the group consisting of brine and a mutual solvent, brine, an acid, or

any mixture thereof in any proportion.

12. The method according to Claim 7, wherein the water-soluble solvent is selected from the
group consisting of butylglycidyl ether, dipropylene glycol methyl ether, butyl bottom
alcohol, dipropylene glycol dimethyl ether, dimethyl formamide, diethyleneglycol methyl
ether, ethyleneglycol butyl ether, methanol, diethyleneglycol butyl ether, propylene
carbonate, d-limonene, 2-butoxy ethanol, butyl acetate, furfuryl acetate, butyl lactate,
dimethyl sulfoxide, dimethyl formamide, fatty acid methyl esters, and any mixture

thereof in any proportion.
13. The method according to Claim 7, wherein the water-soluble solvent is hygroscopic.
14. The method according to Claim 7 or 9, wherein the tackifying compound is selected

from the group consisting of a polyamide, a polyester, a polycarbonate, a

polycarbomate, a natural resin, or any mixture thereof in any proportion
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15. The method according to Claim 7 or 9, further comprising the step of flowing back fluid

from the subterranean formation.

16. The method according to Claim 7, 8, 9, or 10, further comprising the step of introducing

the composition with a particulate.

17. The method according to Claim 7 or 9, further comprising the step of introducing the

composition following an acidizing treatment.

18. The method according to Claim 7 or 9, further comprising the step of producing
hydrocarbon.

19. A method for treating a subterranean formation penetrated by a wellbore, the method
comprising the steps of:

a. introducing a drying fluid through the wellbore to remove water condensate from
the formation, wherein the fluid has the property of being hygroscopic; and
thereafter

b. introducing a composition through the wellbore into the subterranean formation,
wherein the composition comprises:

i. asolvent; and
ii. atackifying compound, wherein the tackifying compound is from
about 0.01% to about 10% by weight of the composition;
wherein the tackifying compound and the solvent are mutually selected
such that, for the ratio of the tackifying compound to the solvent, the

tackifying compound is soluble in the solvent.
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20. A method for treating a subterranean formation penetrated by a wellbore, the method
comprising the steps of:
a. introducing a drying fluid through the wellbore into the subterranean formation,
wherein the drying fluid comprises isopropyl alcohol; and thereafter
b. introducing a composition through the wellbore into the subterranean formation,
wherein the composition comprises:
i. asolvent; and
ii. a tackifying compound, wherein the tackifying compound is from
about 0.01% to about 10% by weight of the composition;
wherein the tackifying compound and the solvent are mutually selected
such that, for the ratio of the tackifying compound to the solvent, the

tackifying compound is soluble in the solvent.
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