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METHOD OF STABILIZING UNCONSOLIDATED FORMATION
FOR SAND CONTROL

TECHNICAL FIELD
The invention generally relates to compositions and methods for treating a
subterranean formation. More specifically, the invention relates to compositions and
methods for use in treating a subterranean formation for controlling the migration of

particulates, such as formation sand and fines.

BACKGROUND

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. In addition, the presence of aqueous liquids such as this
condensate will cause the water swellable clays present in the formation to swell, which
further reduces the formation’s permeability. 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.
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Another way that the rate of hydrocarbon flow and the overall amount of hydrocarbon
flow can be 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 to move when the water phase is mobile
because 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.

Hydrocartbon 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. 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.

Support devices such as screens and slotted liners are often used to provide support
for these unconsolidated formations to inhibit formation collapse. In some instances, the
annulus around the support device is gravel packed to reduce presence of voids between the
device and the wellbore wall. Typically, such so-called “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. Gravel packing forms a filtration bed near the
well bore that acts as a physical barrier to the transport of unconsolidated formation fines
with the production of hydrocarbons. These support devices provide support for the wellbore
and gravel packing and prevent some fines from entering the hydrocarbon flow into the well.

Some types of screens are adapted to be expanded to contact the wellbore wall either
with or without gravel packing. It is however, impossible to eliminate all voids between the
screen and the wellbore wall. Fines fill these voids blocking flow and in some instances fines
flowing through these voids erode the screen destroying its effectiveness.

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
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with gravel of a specific mesh 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. Similarly, a wide range of gravel sizes 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.

Gravel packs may be time consuming and expensive to install. Due to the time and
expense needed it is sometimes desirable to place a screen without the gravel and,
particularly in cases in which an expandable screen is being placed, it may be unrealistic to
place a bed of gravel between the expandable screen and the well bore. Even in
circumstances in which it is practical to place a screen without a gravel pack, it is often
difficult to determine an appropriate screen size to use as formation sands tend to have a wide
distribution of sand grain sizes. When small quantities of sand are allowed to flow through a
screen, screen erosion becomes a significant concern. As a result, the placement of gravel as
well as the screen is often necessary to control the formation sands.

An expandable screen is often installed to maintain the diameter of the wellbore for
ease of access at a later time by eliminating installation of conventional screens, gravel
placement, and other equipment. However, the ability to provide universal screen mesh that
can handle wide particle size distribution of formation sand is unrealistic, if not impossible.

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, these conventional processes are

not practical to treat long intervals of unconsolidated regions due to the difficulty in
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determining whether 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.

While these unconsolidated formation treatment methods provide improved fines
control, multiple treatment steps that are time consuming and expensive are required.
Therefore, it is desirable to develop a relatively simple and relatively inexpensive treatment
method and composition to improve or maintain the rate of hydrocarbon flow by reducing

fines migration.

SUMMARY OF THE INVENTION

The invention provides a method for treating a subterranean formation penetrated by a
wellbore. The method comprises the steps of: (a) introducing a composition through the
wellbore into the subterranean formation, wherein the composition comprises: (i) a solvent
consisting essentially of an aqueous dissolvable solvent comprising any solvent that is at least
25% by weight soluble in water, wherein the solvent is from about 90% to about 99.9% by
weight of the composition; and (ii) a curable resin, wherein the curable resin is from about
0.01% to about 10% by weight of the composition; wherein the curable resin and the solvent
are mutually selected such that, for the ratio of the curable resin to the solvent, the curable
resin is soluble in the solvent; and (b) installing a mechanical sand control device into the
wellbore either before or after introducing the composition into the wellbore.

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.
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BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a schematic, cross-sectional view of an exemplary configuration
operating environment in which the inventions of the present invention are used depicting a
screened and gravel packed portion of the wellbore extending into an unconsolidated
subterranean hydrocarbon formation;

Figure 2 is a is a schematic, cross-sectional view of a test sleeve used to
simulate a screen and gravel packed portion of a wellbore extending into an unconsolidated
subterranean hydrocarbon formation; and

Figure 3 is a graph of the pressure drops across the test sleeves for flow tests
on untreated and treated synthetic samples of formation sand packed spaced apart from a sand
control screen.

Figure 4 is a graph of the pressure drops across the test sleeves for flow tests
on untreated and treated samples of unconsolidated formation material packed against a sand
control screen.

Figure 5 is a graph of the pressure drops across the test sleeves for flow tests
on untreated and treated samples of unconsolidated formation material packed against a sand

control screen.

DETAILED DESCRIPTION

The present invention provides improved methods for completing an
unconsolidated or poorly consolidated subterranean formation penetrated by a wellbore.

The methods .can be performed in vertical, inclined, or horizontal wellbores,
and in “open-hole” and/or under-reamed completions as well as in cased wells. If the method
is to be carried out in a cased wellbore, the casing is perforated to provide for fluid
communication with a zone of interest in the subterranean formation.

The term “vertical wellbore” is used herein to mean a portion of a wellbore in
a subterranean formation that is substantially vertical or deviated from vertical in an amount
up to about 15°. The term “horizontal wellbore” is used herein to mean a portion of a
wellbore in a subterranean formation that is substantially horizontal, or at an angle from
vertical in the range of from about 75° to about 105°. The term “inclined wellbore™ is used to
mean a portion of a wellbore in a subterranean formation that is inclined at an angle between

that of a vertical or horizontal wellbore. Since the present invention is applicable in vertical,
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inclined, and horizontal wellbores, the terms “upper and lower,” “top and bottom,” as used
herein are relative terms and are intended to apply to the respective positions within a
particular wellbore, while the term “levels” is meant to refer to respective spaced positions
along the wellbore.

The method of the invention preferably further comprises forming an ultra-
thin curable resin composition, wherein the composition comprises: a solvent and a curable
resin.

The solvent preferably consists essentially of an aqueous dissolvable solvent
comprising any solvent that is at least 25% by weight soluble in water. The solvent is from
about 90% to about 99.9% by weight of the composition.

The curable resin is from about 0.01% to about 10% by weight of the
composition. The curable resin and the solvent are mutually selected such that, for the ratio
of the curable resin to the solvent, the curable resin is soluble in the solvent.

The invention can be used with any mechanical sand control device, such as a
perforated liner, a slotted pipe, a wire-wrapped screen, a non-expandable screen, and an
expandable screen. The invention can be used with or without gravel packing. The step of
contacting the formation with ultra-thin resin can be performed either before or after the sand
screen installation and/or gravel packing are completed. It is beneficial to provide a method
that transforms small formation sand or fines into large aggregates without impeding their
permeability while enhancing their retention efficiency behind the screen without plugging or
eroding it.

The invention also includes the step of introducing the composition through
the wellbore into the subterranean formation. By introducing the ultra-thin curable resin
compound into the subterranean formation, migration of particulates from the formation are
inhibited from moving through the sand screen and into the wellbore. Preferably, the method
further includes the step of isolating a zone of interest. More preferably, after isolating a |
zone of interest, the method further includes the step of introducing a fluid into the wellbore
at a pressure sufficient to create at least one fracture in the subterranean formation. Still
further, the method most preferably includes producing hydrocarbon by flowing hydrocarbon
through the treated subterranean formation, through the mechanical sand control device, and

into the wellbore
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Referring to the drawings, Figure 1 illustrates a horizontal open-hole wellbore
10. The wellbore 10 extends into an unconsolidated subterranean formation or zone 12 from
a cased wellbore extending to the surface. While wellbore 10 is illustrated as a horizontal
open-hole completion, it should be recognized that the present invention is also applicable to
vertical or inclined wellbores, and to cased wellbores; e.g., as illustrated in U.S. Pat. No.
5,341,880, which is incorporated herein by reference in its entirety for all purposes.

A sand screen 20 is located inside wellbore 10. Sand screen 20 has a “cross-
over” sub connected to its upper end, which is suspended from the surface on a tubing or
work string (not shown). A packer 26 is attached to the crossover. The cross-over and
packer 26 are conventional gravel pack forming tools and are well known to those skilled in
the art. The packer 26 is used to permit crossover during packing and to isolate a portion of
the wellbore. The crossover provides channels for the circulation of gravel slurry to form a
grave pack 42 (shown partially formed) in the annulus on the outside of the screen 20 and
returns circulation of fluid through the screen 20 and up the washpipe 28. The washpipe 28 is
attached to the gravel pack service tool and is run inside the screen 20. The washpipe 28 is
used to force fluid to flow around the bottom section of the screen 20.

Sand screen 20 may be of a single length or it may be comprised of a plurality
of screen units 35 which are connected together with threaded couplings or the like (not
shown). As shown, each of the screen units 35 is basically identical to each other and each is
comprised of a perforated base pipe having a continuous length of wrap wire wound thereon,
which forms a “screen section” therein. The base pipe can have a plurality of perforations
therein, or other types of permeable base pipes, e.g., slotted pipe, etc., can be used without
departing from the present invention.

The term “sand control device” is used generically herein and is meant to
include and cover all types of similar structures which are commonly used in gravel pack
well completions which permit flow of fluids through the “screen” while blocking the flow of
particulates (e.g., commercially-available screens; slotted or perforated liners or pipes;
sintered-metal screens; sintered-sized, mesh screens; screened pipes; pre-packed screens,
radially-expandable screens and/or liners; or combinations thereof).

One embodiment of the present invention describes a method of controlling

particulates flow through a well screen positioned in a subterranean formation comprising
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placing a pre-flush fluid into a portion of a subterranean formation, and then placing a low-
viscosity solution of a curable resin into the portion of a subterranean formation.

The methods of the present invention can employ but do not require an after-flush
fluid and yet do not suffer reduced permeability to the portion of the subterranean formation.
Tt has been discovered that by placing a relatively small amount of curable resin diluted in a
carefully selected aqueous dissolvable solvent, a thin layer of the curable resin is formed on
the surface of the formation sand and fines particulates, as the solvent is drawn into the
formation water or pre-flush water. The capillary pressure existing between formation
particulates pulls the curable resin solution remaining in the pore spaces so that the treatment
of ultra-thin curable resin composition does not result in permeability reduction of the treated
formations.

Without being limited by any theoretical explanation, 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 solvent to reduce or prevent water buildup (water “block™) which chokes off the flow path
of hydrocarbon; (b) stabilization of the formation fines by the curable resin; (c) “wetting” the
surface of the formation with the curable resin that serves to repel water with its
hydrophobicity; and (d) prevention of formation fines from swelling. It is believed that
displacing water from the formation and introducing the curable resin provide synergistic
benefits to increase hydrocarbon production. It is believed that as a result of these factors, the
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 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 solvent is effective
in removing both condensate and water to restore gas productivity in both low and high
permeability formations. The 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”.
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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 curable resin,
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.

The ultra-thin curable resin advantageously forms a thin film coat on the clay
particulates, thereby encapsulating the clay particulates and preventing the clay particulates
from swelling and choking off the permeability.

Furthermore, the curable resin 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 curable resin. 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.

More particularly, the curable resin forms an oil-wet surface on the formation. Oil
wetting the surface of the rock will have a tendency to lower the irreducible water saturation
and have an impact on the relative permeability to both water and hydrocarbon. Lowering
the irreducible water saturation should increase the effective permeability to water as well as
the effective permeability to hydrocarbon. 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.
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It is believed that the curable resin 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 curable resin 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 curable resin is produced from the formation.

The methods of the present invention are able to place a curable resin without an
after-flush and regain permeability of at least about 70%. The term “regain permeability”
refers to the percentage of permeability of a portion of a subterranean formation following
treatment; that is, it is a percentage of the post-treatment permeability as compared to the pre-
treatment permeability.

In some embodiments of the present invention, the regain permeability is at least
about 75%. In other embodiments of the present invention, the regain permeability is at least
about 80%. In still other embodiments of the present invention the regain permeability is at
least about 85%. In still other embodiments of the present invention, the regain permeability
is at least about 90%.

By eliminating the need for an after-flush step, the methods of the present invention
become more economical to perform, less uncertainty of whether the after-flush fluid could
enter the same resin treated area, and less likely to damage the formation being treated.

The methods of the present invention are capable of substantially stabilizing the
particulates such that loose or weakly consolidated particulates are prevented from shifting or
migrating once the treatment is complete. This is particularly significant in the context of
portions of formations where it is desirable to control the particulates without having to use a
gravel pack. In such situations, the methods of the present invention including the use of a
screen or liner (which may be an expandable or traditional screen or a perforated or slotted
liner, or any similar device known in the art) may act to control particulates to a sufficiently
high degree that a gravel pack becomes unnecessary.

Thus, according to the methods of the present invention, which include the use of both
a low-viscosity curable resin composition and a screen/liner, the low-viscosity curable resin,
inter alia, creates a stable, permeable region around the well bore that resists particulate
migration, while the screen/liner may be used, inter alia, to provide mechanical support to

prevent bore hole collapse. Such embodiments may make the use of screen-only or liner-
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only (no gravel pack) completions functional over a much wider range of formation
properties than previously thought possible.

The methods of the present invention may be used in a wide variety of particulate
control operations. For example, they can be used on a well bore having a screen or liner in
place wherein the pre-flush fluid and the low-viscosity curable resin are placed in the
formation by injecting them directly through the screen or liner. In addition, they can be used
on a well bore having a gravel pack in place (with a screen or liner in place) wherein the pre-
flush fluid and the low-viscosity curable resin are placed in the formation by injecting them
directly through the gravel pack as a means to prevent damage due to formation fines
migration or as a remedial treatment to cure a sand production problem. In addition, they can
be used to help reduce proppant flowback from a propped fracture by placing the pre-flush
fluid and the low-viscosity curable resin into the portion of the subterranean formation so as
to displace and push the unconsolidated particulates (whether proppant or formations fines)
into the formation or deeper into the proppant pack and holding them in place with the
curable resin once the operation is complete.

Suitable pre-flush fluids comprise either a hydrocarbon liquid or a mixture of an
aqueous liquid and a surfactant. The pre-flush fluid acts to prepare the formation particulates
to accept the adhesive. Any pre-flush fluid compatible with the later-used curable resin and
capable of facilitating the coating of the curable resin on the subterranean particles and
surfaces and aiding the curable resin in flowing to the contact points between adjacent
particulates in the formation may be used in the present invention. Formations suitable for
treatment with the methods of the present invention are generally water wet, and by using
either a hydrocarbon pre-flush fluid or an aqueous pre-flush fluid with an appropriate
surfactant, the formation may be made ready to accept the placement of the adhesive.

Where a hydrocarbon pre-flush fluid is used, suitable fluids include liquid
hydrocarbon fluids such as kerosene, diesel, crude oil, hydrocarbon-based solvents such as
xylene, hydrocarbon-based condensates, hydrocarbon-based distillates, and combinations
thereof Generally, a desirable pre-flush has a relatively low cost and low viscosity and
minimizes safety concerns, for these reasons kerosene and diesel may be preferred
hydrocarbon pre-flush fluids in the methods o the present invention.

Where an aqueous pre-flush fluid is used, the aqueous liquid component may be fresh

water, salt water (e.g., water containing one or more salts dissolved therein), brine, seawater,
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or any other aqueous liquid that does not adversely react with the other components used in
accordance with this invention or with the subterranean formation. Surfactants suitable for
inclusion in the aqueous pre-flush fluids include, but are not limited to, ethoxylated nonyl
phenol phosphate esters, mixtures of one or more cationic surfactants, one or more non-ionic
surfactants, and an alkyl phosphonate surfactant. Suitable mixtures of one or more cationic
and nonionic surfactants are described in U.S. Patent No. 6,311,773 issued to Todd ef al. on
November 6, 2001, the disclosure of which is incorporated herein by reference. A Cp; - Co,
alkyl phosphonate surfactant is preferred. The surfactant or surfactants used are included in
the aqueous liquid in an amount sufficient to prepare the subterranean formation to receive a
treatment of an curable resin by wetting the particulates in the formation so that the resin can
attach to those particulates. In some embodiments of the present invention, the aqueous pre-
flush fluid comprises surfactant in an amount ranging from about 0.1% to about 15% by
weight of the aqueous liquid.

Selection of an appropriate curable resin is related, at least in part, to the forces that
the zone will be subjected to during production. For example, in a zone that is expected to
be subjected to relatively low fluid flow rates, lower drag forces on the particulate materials
may mean that use of a non-aqueous tackifying agent may sufficiently control the
particulates. However, at relatively high flow rates a curable resin may be better suited to
provide adequate cohesion between the formation particulates.

Resins suitable for use as an curable resin in the methods of the present invention
include all resins known in the art that are capable of forming a hardened, consolidated mass.
Many suitable resins are commonly used in subterranean consolidation operations, and some
suitable resins include two component epoxy based resins, novolak resins, polyepoxide
resins, phenol-aldehyde resins, urea-aldehyde resins, urethane resins, phenolic resins, furan
resins, furan/furfuryl alcohol resins, phenolic/latex resins, phenol formaldehyde resins,
polyester resins and hybrids and copolymers thereof, polyurethane resins and hybrids and
copolymers thereof, acrylate resins, and mixtures thereof.

Some suitable resins, such as epoxy resins, may be cured with an internal catalyst or
activator so that when pumped down hole, they may be cured using only time and
temperature. Other suitable resins, such as furan resins generally require a time-delayed
catalyst or an external catalyst to help activate the polymerization of the resins if the cure

temperature is low (i.e., less than 250°F), but will cure under the effect of time and
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temperature if the formation temperature is above about 250°F, preferably above about
300°F. An epoxy resin may be preferred when using the methods of the present invention in
formations having temperatures ranging from about 65°F to about 350°F and a furan resin
may be preferred when using the methods of the present invention in formations having
temperatures above about 300°F.

It is within the ability of one skilled in the art, with the benefit of this disclosure, to
select a suitable resin for use in embodiments of the present invention and to determine
whether a catalyst is required to trigger curing.

In order for the curable resin used in the present invention to achieve a low enough
viscosity to be suitable for use in the present invention, a solvent is required. The methods of
the present invention call for the viscosity of the curable resin to Be less than about 100 cP.
In some embodiments the viscosity is less than about 50 cP. In other embodiments, the
viscosity is less than about 10 cP, in still other embodiments the viscosity is less than about 5
cP. Such low viscosity is achieved by providing a ratio of the curable resin in the solvent to
be from about 0.01: 99.99 to about 10:90 by weight relative to one another. The curable resin
and the solvent are mutually selected such that, for the ratio of the resin to the solvent, the
resin is soluble in the solvent. The ratio of the curable resin in the solvent can also be from
about 0.5:99.5 to about 5:95 by weight relative to one another. The curable resin and the
solvent are mutually selected such that, for the ratio of the curable resin to the solvent, the
curable resin is soluble in the solvent.

Solvents suitable for use with the adhesives used in the present invention comprise
aqueous dissolvable solvents that are compatible with the chosen curable resin and that are
capable of achieving the desired viscosity effect. When exposed to water within a
subterranean formation, a suitable aqueous dissolvable solvent will have a higher affinity to
the water than to the curable resin and, as a result, the curable resin will be deposited on
formation surfaces as the water is drawn away. The solvents that can be used in the present
invention preferably include those having high flash points (most preferably above about
125°F). Examples of solvents suitable for use in the present invention include, but are not
limited to, ethanol, butylglycidyl ether, dipropylene glycol methyl ether, butyl bottom
alcohol, dipropylene glycol dimethyl ether, diethyleneglycol methyl ether, ethyleneglycol
butyl ether, methanol, butyl alcohol, isopropyl alcohol, diethyleneglycol butyl ether,
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propylene carbonate, d’limonene, 2-butoxy ethanol, butyl acetate, furfuryl acetate, furfuryl
aldehyde, butyl lactate, fatty acid methyl esters, and combinations thereof.

Selection of the solvent is related to, among other things, the chosen adhesive. For
example, where an epoxy resin is used an ethanol solvent may be preferred whereas when a
furan resin is used an isopropyl alcohol or furfuryl aldehyde solvent may be preferred.
Moreover, depending upon the desired curable resin viscosity (and the required amount of
dilution with solvent), the optimum solvent may differ. For example, when using an epoxy
resin in combination with a solvent, methanol may be suitable for dilutions only up to about
50% epoxy resin and 50% methanol solvent, but when a greater percentage of solvent is
needed methanol may be unsuitable because at dilutions greater than about 50% the epoxy
resin may not disperse properly in the methanol solvent. In contrast, ethanol may be a
suitable solvent for use with an epoxy resin at dilutions as high at 90% ethanol solvent to
10% epoxy resin. It is within the ability of one skilled in the art, with the benefit of this
disclosure, to select an appropriate solvent to achieve a viscosity suitable to the subterranean
conditions.

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 method 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 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
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especially advantageous as a remediation treatment after the curable resin 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 et al.; 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 et al., 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 ultra-thin resin composition is preferably introduced to the subterranean
formation at a matrix flow rate. That is, the composition is added at such a rate that it is able
to penetrate the formation without substantially affecting the structure of the formation sands
or proppant matrixes it encounters.

To facilitate a better understanding of the present invention, the following examples
of some of the preferred embodiments are given. In no way should such examples be read to
limit the scope of the invention.

EXAMPLES
Example 1

Experiments were performed with simulated unconsolidated formation and a screen to
determine if the methods of the present inventions will result in increased flow through a well
screen filter. Sample test sleeves were used to test simulated well conditions. The sleeves
were made of transparent material. The sleeves were assembled with well screens across one
end to simulate well screens installed in unconsolidated sand formations. For the purposes of
these examples, the screen was formed from sections of material used in the Halliburton
PoroFlex brand commercial screens.  An 85/10/5 synthetic sand (85% by weight of
Oklahoma No. 1 sand, 10% by weight silica flour, and 5% by weight smectite) was packed in
the sleeves, followed by 20/40 mesh sand. The sands were packed into individual flow cells.
In one test setup, a gap was provided behind the PoroFlex (screen piece), for example with a

plastic spacer, simulating incomplete compliance of the screen with respect to the formation
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sand. An example of such a sand pack and filter combination is shown schematically in
Figure 2.

The synthetic sand and 20/40 sands in the sleeves were then saturated with 3% KCl
brine by flowing the solution through the screen towards the simulated formation. In the
examples treated with an ultra-thin curable resin, the ultra-thin curable resin comprised a
diluted 2-component epoxy resin system made up with 0.5 parts of hardenable resin
component, 0.5 parts of hardening agent component, and 10 parts of methanol solvent. The
ultra-thin curable resin was injected in the same direction through the screen to treat the
simulated formation sand. The viscosity of the diluted resin was less than about 1 cP.

The entire system was then put in an oven for curing at 150°F for 16 hours. After that
time, 3% KC1 was flowed through the formation material and screen at a constant rate of 6
mL/min (in reverse direction to simulate the well producing) while the pressure necessary to
maintain this flow rate was monitored. In testing of both treated and untreated formation
sand packs, the flow rates were cycled on and off every 60 minutes, i.e. brine was injected
through the pack for 60 minutes and then stopped for 3 minutes to simulate cycling the well.

The results showed a low and steady pressure drop across the simulated formation
sands throughout constant or increased flow rates without production of formation
particulate. See Figure 3, “treated” portion of graph showing pressure drop vs. time.

In contrast, flowing through formation sand without treatment of ultra-thin curable
resin composition showed that unconsolidated sand can freely move as soon as the flow of
brine was started. Sand particulate was observed to produce through the screen, coupled with
a build up of pressure drop across the screen regardless of whether the screen mesh size was
correctly selected for the formation sand. See Figure 3, “untreated” portion of graph

showing pressure drop (in pounds per square inch) vs. time (in seconds).

Example 2

Testing was repeated for both treated and untreated formation sand, except the screen
piece was placed tightly against the formation sand simulating complete compliance. Similar

results were obtained.
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Example 3

In a separate tests using the same set up as described above, fresh distilled water
(“DI”) water was injected through treated and untreated samples of formation sand spaced
apart from the screen to represent a lack of conformity of the screen to the formation sand.
Figure 4 shows that at flow rate of 5 mL/minute, the pressure drop across the untreated
formation sand increased significantly higher than pressure drop across the treated formation
sand, which remained low and flat. The flow of DI water through the untreated sand pack
was stopped after 15 minutes of flow time. See Figure 4, “untreated” and “treated” graphed
lines showing pressure drop (in pounds per square inch) vs. time (in seconds). This indicated
that without the treatment of ultra-thin curable resin, the clay swelled and choked off the
permeability. Coating of a thin film as a result of resin treatment helped encapsulate the clay

particulates and prevented them from swelling.

Example 4

Flow tests were also performed with samples of unconsolidated formation material
packed against a sand control screen. The tests showed that the untreated formation material
initially caused plugging and formation damage that caused an increase in differential
pressure, followed by material being produced through the screen that caused a decreasing
trend in differential pressure. In real life with severe well conditions of high flow rates, this
could be enough to cause catastrophic failure to the screen due to erosion. The treated
formation sample showed no signs of plugging, fines migration, or solids production through
the screen during the course of the test. The differential pressure for this test stayed nearly
constant for the duration of the test and was significantly less than that for the non-stabilized
sample at any point in the test. The results of the test showing pressure over time are shown
in Figure 5, for “untreated” and “treated” graphed lines showing pressure drop (in pounds
per square inch) vs. time (in seconds).

The foregoing descriptions of specific embodiments of the present invention have
been presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed, and obviously many
modifications and variations are possible in light of the above teaching. The embodiments

were chosen and described in order to best explain the principles of the invention and its
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practical application, to thereby enable others skilled in the art to best utilize the invention
and various embodiments with various modifications as are suited to the particular use

contemplated. It is intended that the scope of the invention be defined by the claims appended

hereto and their equivalents.
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What is claimed is:

1. A method for treating a subterranean formation penetrated by a wellbore, the
method comprising the steps of:
(a) introducing a composition through the wellbore into the subterranean formation,
wherein the composition comprises:

i. a solvent consisting essentially of an aqueous dissolvable solvent
comprising any solvent that is at least 25% by weight soluble in water,
wherein the solvent is from about 90% to about 99.9% by weight of the
composition; and

ii. a curable resin, wherein the curable resin is from about 0.01% to about
10% by weight of the composition;

wherein the curable resin and the solvent are mutually selected such that, for
the ratio of the curable resin to the solvent, the curable resin is soluble in the
solvent; and

(b)  installing a mechanical sand control device into the wellbore either before or

after introducing the composition into the wellbore.

2. The method according to Claim 1, wherein the subterranean formation is

unconsolidated or weakly consolidated.

3. The method according to Claim 1, wherein the subterranean formation is clay

laden.

4. The method according to Claim 1, further comprising the step of, prior to

introducing the composition: isolating a zone of interest in the subterranean.

5. The method according to Claim 4, the method further comprising the step of,
after isolating a zone of interest and after introducing the composition: introducing a fluid
into the wellbore at a pressure sufficient to create at least one fracture in the subterranean

formation.
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6. The method according to Claim 5, the method further comprising the step of
producing hydrocarbon by flowing hydrocarbon through the treated subterranean formation,

through the mechanical sand control device, and into the wellbore.

7. The method according to Claim 4, the method further comprising the step of,

prior to introducing the composition: injecting a preflush treatment fluid through the wellbore

into the subterranean formation.

8. The method according to Claim 7, 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.

9. The method according to Claim 7, wherein the preflush treatment fluid is
selected from the group consisting of kerosene, diesel, crude oil, a hydrocarbon-based

solvent, a hydrocarbon-based condensate, or a hydrocarbon-based distillate.

10.  The method according to Claim 4, further comprising the step of, prior to the

step of introducing the composition: introducing an acidizing composition through the

wellbore into the subterranean formation.

11.  The method according to Claim 4, wherein the aqueous dissolvable solvent is
selected from the group consisting of ethanol, butylglycidyl ether, dipropylene glycol methyl
ether, butyl bottom alcohol, dipropylene glycol dimethyl ether, diethyleneglycol methyl ether,
ethyleneglycol butyl ether, methanol, butyl alcohol, isopropyl alcohol, diethyleneglycol butyl
ether, propylene carbonate, d’limonene, 2-butoxy ethanol, butyl acetate, furfuryl acetate,

furfuryl aldehyde, butyl lactate, fatty acid methyl esters, and any mixture thereof in any
proportion.

12.  The method according to Claim 4, wherein the curable resin is selected from
the group consisting of a two component epoxy based resin, a novolak resin, a polyepoxide
resin, a phenolaldehyde resin, a urea-aldehyde resin, a urethane resin, a phenolic resin, a

furan resin, a furan/furfuryl alcohol resin, a phenolic/latex resin, a phenol formaldehyde resin,
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a polyester resin, a hybrid polyester resin, a copolymer polyester resin, a polyurethane resin, a

hybrid polyurethane resin, a copolymer polyurethane resin, an acrylate resin, and any mixture

thereof in any proportion.

13. The method according to Claim 4, wherein the composition is not

overdisplaced.

14. The method according to Claim 4, wherein the step of introducing the
composition through the wellbore and into the subterranean formation further comprises the
step of introducing a particulate through the wellbore into the subterranean formation

together with the composition.

15. The method according to Claim 4, further comprising the step of, after
installing the mechanical sand control device: flowing back fluid through the subterranean

formation into the wellbore.

16.  The method according to Claim 4, further comprising the step of, after
installing the mechanical sand control device: producing hydrocarbon by flowing
hydrocarbon through the treated subterranean formation, through the mechanical sand control

device, and into the wellbore.

17. The method according to Claim 1, wherein the mechanical sand control device
is selected from the group consisting of: a perforated liner, a slotted pipe, a wire-wrapped

screen, a non-expandable screen, and an expandable screen.
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