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DELAYED TACKIFYING COMPOSITIONS AND ASSOCIATED METHODS
INVOLVING CONTROLLING PARTICULATE MIGRATION

ABSTRACT
Methods and compositions relating to delayed tackifying compositions that comprise
an aqueous tackifying agent and a delayed acid-releasing activator that may be used to

stabilize particulates and reduce particulate migration within a subterranean formation.
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DELAYED TACKIFYING COMPOSITIONS AND ASSOCIATED METHODS
INVOLVING CONTROLLING PARTICULATE MIGRATION

BACKGROUND OF THE INVENTION

The present invention relates to methods and compositions for consolidating
formation fines, reducing proppant flow-back, and consolidating relatively unconsolidated
portions 1n a subterranean formation (referred to herein collectively as “particulate
migration”). More particularly, the present invention relates to the use of novel delayed
tackifying compositions for reducing particulate migration in subterranean formations. While
suitable for any subterranean application (such as those involving carbonates, sandstones,
shales, coals, etc.), the compositions and methods of the present invention may be especially
usetul in coal bed methane (“CBM”) subterranean applications.

Hydraulic fracturing is a process commonly used to increase the flow of desirable
fluids from a portion of a subterranean formation. Traditional hydraulic fracturing operations
comprise placing a fracturing fluid into a portion of a subterranean formation at a rate and
pressure such that fractures are formed or enhanced into the portion of the subterranean zone.
The fractures tend to propagate as vertical and/or horizontal cracks located radially outward
from the well bore. In such treatments, once the hydraulic pressure is released, the fractures
formed will tend to close back onto themselves. To prevent this, oftentimes particulate
materials, known as proppant, are placed in the fractures by transporting them in the
fracturing fluid during at least a portion of the fracturing operation. The particulates are
carried into created or natural fractures and deposited therein such that when the hydraulic
pressure 1s released the particulates act to prevent the fracture from fully closing, and thus,
aid in forming conductive channels through which produced fluids may flow into the well
bore. The term “propped fracture” as used herein refers to a fracture (natural or otherwise) in
a portion of subterranean formation that contains some proppant particulates. The term
“proppant pack” refers to a collection of a mass of proppant particulates within a fracture.
Without the particulate materials, the fractures tend to close and reduce permeability gained

by the fracturing operation.

Hydrocarbon wells are often located in subterranean zones that contain
unconsolidated particulates (e.g., proppant and formation fines) that may migrate within the
subterranean formation with the oil, gas, water, and/or other desirable fluids produced by a

well.  The presence of these unconsolidated particulates in produced fluids is
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disadvantageous and undesirable 1n that the particulates may abrade pumping and other
'producing equipment and reduce the fluid production capabilities of producing zones. The
particulates also may impact negatively the permeability of the formation. Unconsolidated
subterranean formations include those that contain portians that contain loose particulates
(e.g., proppant and formation fines) and those wherein the bonded particulates have
insufficient bond strength to withstand the forces produced by the production of fluids
through the zones.

Controlling particulate migration in coal bed methane applications may be particularly
important. “Coal bed methane” (“CBM?”) 1s the name usually given to methane found within
coal seams. The amount of methane produced from a coal bed depends at least in part on the
degree of permeability that is controlled by the amount of fracturing or cleats within the coal
bed. CBM formations tend to have a naturally low permeability. These formations also are
typically associated with low temperatures (e.g., less than 200°F.) and low reservoir pressures
(e.g., less than 1000 psi bottom hole pressure). High capillary forces within the pore spaces
tend to hold treatment fluids therein. Coal fines can be generated from the coal. These coal
fines, or other particulates, can migrate and plug or partially plug the perforations, cleats,
fractures, proppant, and/or producing zones.

One traditional method of controlling unconsolidated particulates in zones of a
subterranean formation involves placing a filtration bed containing gravel particulates near
the well bore that neighbors the zone of interest. The filtration bed acts as a sort of physical
barrier to the transport of unconsolidated particulates to the well bore that could be produced
with the produced tluids. Typically, such so-called “gravel packing operations” involve the

pumping and placement of a quantity of desired particulates into the unconsolidated

formation in an area adjacent the well bore. One common type of gravel packing operation
involves placing a sand control screen in the well bore and packing the annulus between the
screen and the well bore with gravel of a specific size designed to prevent the passage of
formation sand. The sand control screen i1s 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 particulates.
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 annulus in
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the form of a slurry by mixing the gravel with a fluid, often known as a “gravel pack fluid.”
Sometimes gravel pack fluids are viscosified with suitable gelling agents. Once the gravel 1s
placed in the well bore, the viscosity of the fluid is reduced, and it is returned to the surface.
In some gravel packing operations, commonly known as “high rate water packing
operations,” the fluid has a lower viscosity and yet the gravel is transported because the
treatment occurs at a high velocity. Gravel packs act, inter alia, to stabilize the formation
while causing mihimal impairment to well productivity. The gravel, inter alia, acts to
prevent the particulates from occluding the screen or migrating with the produced fluids, and
the screen, inter alia, acts to prevent the gravel from entering the production tubing. Such
packs may be time consuming and expensive to install.

Another method used to control particulates in unconsolidated formations involves
consolidating unconsolidated portions of subterranean producing zones into reIatively stable
permeable masses by applying a resin followed by a spacer fluid and then a catalyst. Such
methods 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. In that
case, the resin may come into contact with the external catalyst in the well bore itself rather
than in the unconsolidated subterranean producing zone. Furthermore, there is uncertainty as
to whether there 1s adequate contact between the resin and the catalyst. Additionally, when
resin 1s contacted with an external catalyst an exothermic reaction occurs that may result in
rapid polymerization, potentially damaging the formation by plugging the pore channels.
Uniform placement of curable resin into the formations having long intervals is most
desirable. However, formations often comprise a wide range of permeabilities even within a

single reservoir located along a well bore. As a result, completions involving resin

consolidation, with conventional diversion techniques, have been applied in intervals of less
than 50 feet, and more ideally, less than 30 feet. Also, using resins to consolidate long or
large unconsolidated zones may not be practical due, at least in part, to the high cost of most

suitable resins.

Another similar method involves applying a non-aqueous tackifying composition to
the unconsolidated particulates in an effort to reduce the migration of particulates within the
zone. Whereas a curable resin composition produces a hard mass, the use of a non-aqueous

tackifying  composition produces a more malleable consolidated mass.
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Another alternative is an aqueous tackifying composition. Aqueous tackifying
compositions, however, have their own problems including, but not limited to, the fact that
they require external activators and surfactants for optimum performance.

A new technique that could be useful is a fracturing treatment wherein the fracturing
fluid comprises a suitable consolidation agent that reacts in such a way as to delayingly
consolidate particulates within the formation to prevent particulate migration. This has
heretofore not been accomplished, inter alia, because of the limitations associated with
conventional acids and acid anhydride activators.

SUMMARY OF THE INVENTION

The present invention relates to methods and compositions for controlling particulate
migration. More particularly, the present invention relates to the use of novel delayed
tackifying compositions for controlling particulate migration in subterranean formations.

In one embodiment, the present invention provides a method comprising the steps of
providing a treatment fluid that comprises a delayed tackifying composition that comprises an
aqueous tackifying agent and a delayed acid-releasing activator; placing the treatment fluid in
a subterranean formation; allowing the acid precursor to produce an acid after a delay period;
and allowing the acid to activate the aqueous tackifying agent so as to form an activated
aqueous tackifying agent that is capable of stabilizing particulates.

In another embodiment, the present invention provides a method comprising
providing a delayed tackifying composition that comprises an aqueous tackifying agent and
an delayed acid-releasing activator; introducing the delayed tackifying composition to a
chosen portion of a subterranean formation; allowing the delayed acid-releasing activator to

produce an acid that is capable of activating the aqueous tackifying agent; allowing the

aqueous tackifying agent to become activated to produce an activated aqueous tackifying

agent; and allowing the activated aqueous tackifying agent to adhere to particulates within the

portion of the subterranean formation.

In another embodiment, the present invention provides a method comprising
providing a fracturing fluid that comprises a delayed tackifying composition that comprises
an aqueous tackifying agent and a delayed acid-releasing activator; placing the fracturing
fluid into a portion of a subterranean formation at a pressure sufficient to create or enhance a
fracture therein; and allowing the delayed tackifying composition to consolidate particulates

within the subterranean formation.
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The features and advantages of the present invention will be apparent to those skilled
in the art. While numerous changes may be made by those skilled in the art, such changes are

within the spirit of the invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention relates to methods and compositions for controlling particulate
migration. More particularly, the present invention relates to the use of novel delayed
tackifying compositions for controlling particulate migration in subterranean formations. The
delayed tackifying compositions of the present invention may consolidate, stabilize, and/or
control particulates (collectively referred to herein as “stabilizing” particulates and its
derivatives) present in a subterranean formation (e. g., proppant, formation fines, and the like).
This also may be referred to as “fines control.” The compositions and methods of the present
Invention may be especially useful in CBM applications.

One of the many advantages of the present invention is that the methods eliminate the
need for a separate acid activator when using aqueous tackifying agents, which improves the
flexibility and control of the operation. Moreover, the methods of the present invention
present a way to delayedly activate an aqueous tackifying agent downhole in a relatively
controlled manner. Another advantage of the many advantages is that the resultant stabilized
masses have better mechanical flexibility when compared to those formed with the use of
curable resins. Other advantages will be evident to one skilled in the art with the benefit of
this disclosure.

A. The Delayed Tackifying Compositions of the Present Invention

The delayed tackifying compositions of the present invention comprise an aqueous
tackifying agent and an delayed acid-releasing activator for the aqueous tackifying agent.
The delayed tackifying compositions also may comprise water; however, sufficient water
| may be present in the delayed tackifying composition as a result of the composition of the
aqueous tackitying agent, which usually is in solution form. The delayed acid-releasing
activator of the compositions produces an acid at a desired time after a delay period, which
activates the aqueous tackifying agent, enabling it to stabilize particulates within a portion of
a subterranean formation. The term “stabilize” and its derivatives as used herein means to
make stable, loék in place, or at least partially immobilize the particulates in place such that
they are resistant to flowing with produced fluids. This stabilization may be referred to as

“fines control.” The delay period depends on, inter alia, the nature of the delayed acid-
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releasing activator, the composition of the carrier fluid, and the environment in which they
are placed.

Optionally, the delayed tackifying compositions of the present invention may
comprise additional additives such as gelling agents, buffering agents, surfactants, breakers,
enzymes, chelators, foam control agents, acids, or scale inhibitors. For instance, a buffer may
be beneficial when a longer delay time is desired before the delayed acid-releasing activator
produces an acid that 1s capable of activating the aqueous tackifying agent. Breakers and
enzymes may be beneficial to get rid of any previous gel damage that may be present in the
subterranean formation, for example, from a previous fracturing job. One of ordinary skill in
the art with the benefit of this disclosure will recognize that the compatibility of any given
additive should be tested to ensure that it does not adversely affect the performance of the
tackifying agent.

1. Suitable Aqueous Tackifying Agents

Aqueous tackifying agents suitable for use in the present invention are capable of
being “activated” (e.g., destabilized, coalesced and/or reacted) with the use of a suitable acid-
based activator to transtform the agent into an “activated aqueous tackifying agent” capable of
stabilizing particulates at a desired time. An activated aqueous tackifying agent is capable of
stabilizing particulates. Such activation may occur before, during, or after the aqueous
tackifying agent is placed in the subterranean formation. One skilled in the art with the
benefit of this disclosure will recognize that the desired delay in activation could be just
minutes for the pump time required to place a treatment fluid mixed on-the-fly to days for a
treatment fluid that i1s prepared off-site and then transported to the well. In preferred

embodiments of the present invention, the activation occurs after a delay period, which may
range from about 15 minutes to about 75 hours or more. A preferred delay period ranges

from about 1 to about 12 hours.

Suitable aqueous tackifying agents are generally charged polymers that comprise
compounds that, when in an aqueous solvent or solution, will form a non-hardening coating
with an activator and, when placed on particulates in a formation, will increase the
continuous critical re-suspension velocity of the particulate when contacted by a stream of
water. The critical re-suspension velocity refers to that velocity at the transitional point
between laminar and turbulent types of fluid flow. The aqueous tackifying agent may

enhance the gramn-to-grain contact between the particulates within the formation (be they
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proppant particulates, formation fines, or other particulates), helping bring about the
consolidation of the particulates into a cohesive, flexible, and permeable mass (referred to
herein as a “stabilized mass”), stabilize individual particulates or clusters of particulates, or
reduce the tendency of particulates to form into an optimum packing arrangement (e.g., for
higher porosity or permeability).

Suitable aqueous tackitfying agents include any polymer that can bind, coagulate, or
flocculate a particulate. Also, polymers that function as pressure sensitive adhesives may be
suitable. Examples of aqueous tackifying agents suitable for use in the present invention
include, but are not limited to: acrylic acid polymers; acrylic acid ester polymers; acrylic acid
derivative polymers; acrylic acid homopolymers; acrylic acid ester homopolymers (such as
poly(methyl acrylate), poly (butyl acrylate), and poly(2-ethylhexyl acrylate)); acrylic acid
ester co-polymers; methacrylic acid derivative polymers; methacrylic acid homopolymers;
methacrylic acid ester homopolymers (such as poly(methyl methacrylate), poly(butyl
methacrylate), and poly(2-ethylhexyl methacrylate)); acrylamido-methyl-propane sulfonate
polymers; acrylamido-methyl-propane sulfonate derivative polymers; acrylamido-methyl-
propane sulfonate co-polymers; and acrylic acid/acrylamido-methyl-propane sulfonate co-
polymers, derivatives thereof, and combinations thereof. The term “derivative” as used
herein refers to any compound that is made from one of the listed compounds, for example,
by replacing one atom in the base compound with another atom or group of atoms. Methods
of determining suitable aqueous tackifying agents and additional disclosure on aqueous
tackifying agents can be found in U.S. Patent Application Number 10/864,061, filed June 9,
2004 and U.S. Patent Application Number 10/864,618, filed June 9, 2004 the relevant
disclosures of which are hereby incorporated by reference.

Some suitable tackifying agents are described in U.S. Patent No. 5,249,627 by Harms,
et al., the relevant disclosure of which is incorporated by reference. Harms discloses aqueous
tackifying agents that comprise at least one member selected from the group consisting of
benzyl coco di-(hydroxyethyl) quaternary amine, p-T-amyl-phenol condensed with
formaldehyde, and a copolymer comprising from about 80% to about 100% C;.3
alkylmethacrylate monomers and from about 0% to about 20% hydrophilic monomers. In
some embodiments, the aqueous tackifying agent may comprise a copolymer that comprises
from about 90% to about 99.5% 2-ethylhexylacrylate and from about 0.5% to about 10%

acrylic acid. Suitable hydrophillic monomers may be any monomer that will provide polar
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oxygen-containing or nitrogen-containing groups. Suitable hydrophillic monomers include
dialkyl amino alkyl (meth)acrylates and their quaternary addition and acid salts, acrylamide,
N-(dialkyl amino alkyl) acrylamide, methacrylamides and their quaternary addition and acid
salts, hydroxy alkyl (meth)acrylates, unsaturated carboxylic acids such as methacrylic acid or
preferably acrylic acid, hydroxyethyl acrylate, acrylamide, and the like. These copolymers
can be made by any suitable emulsion polymerization technique. Methods of producing these
copolymers are disclosed, for example, in U.S. Patent No. 4,670,501, the relevant disclosure
of which 1s incorporated herein by reference.

Typically, most suitable aqueous tackifying agents are solution-based polymers; they
are usually available in about 20% to 40% concentrations. In some embodiments, the
aqueous tackifying agent is about a 40% solution in water, with other small amounts of
surfactants or other additives. One skilled in the art with the benefit of this disclosure will
envision readily dried polymer compositions as well as diluted compositions (e.g., polymer
concentrations of less than about 20%).

The aqueous tackifying agent should be included in a delayed tackifying composition
of the present invention in an amount of from about 0.01% to about 10% of the volume of a
delayed aqueous tackifying composition. In preferred embodiments, this amount may range
from about 0.1% to about 5%.

2. Suitable Delayed acid-releasing activators

In the methods of the present invention, a delayed acid-releasing activator produces
enough acid over time to activate the aqueous tackifying agent and, thus, cause the aqueous
tackifying agent to become tacky so that it can stabilize particulates downhole. Thus, there is

no requirement for an external acid solution to activate the aqueous tackifying agent.
Nonlimiting examples of delayed acid-releasing acid activators that may be used in

conjunction with the present invention include, but are not limited to, orthoesters,

poly(orthoesters), degradable polymers, and other acid precursors (such as encapsulated

acids) that release an acid upon degradation. The amount of delayed acid-releasing activator
needed to activate the aqueous tackifying agent 1s stoichiometrically related to the amount of
the aqueous tackifying agent present.
a. Suitable Orthoesters and Poly(orthoesters)
Orthoesters and poly(orthoesters) suitable for use in the present invention will

generate acids in a delayed fashion that, infer alia, will activate the aqueous tackifying agent.
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Examples of suitable orthoesters have a structure defined by the forrhula:
RC(ORYOR")(OR™), wherein R', R", and R" are not hydrogen and R', R", and R" may or
may not be the same group. R’, R", or R™ may comprise a heteroatom that may affect the
solubility of the chosen orthoester in a given application. Suitable heteroatoms could include
nitrogen or oxygen. Suitable poly(orthoesters) are described in an article entitled,
Poly(orthoesters)- From Concept to Reality, BIOMACROMOLECULES, Vol 5, 1625 (2004), and
some of the references cited therein, which 1s incorporated herein by reference. ‘Examples of
suitable orthoesters and poly(orthoesters) include, but are not limited to, orthoacetates, such
as trimethyl orthoacetate, triethyl orthoacetate, tripropyl orthoacetate, triisopropyl
orthoacetate, tributyl orthoacetate, and poly(orthoacetates); orthoformates, such as trimethyl
orthoformate, triethyl orthoformate, tripropyl orthoformate, triisopropyl orthoformate,
tributyl orthoformate, and poly(orthoformates); and orthopropionates, such as trimethyl
orthopropionate, triethyl orthopropionate, tripropyl orthopropionate, triisopropyl
orthopropionate, tributyl orthopropionate, and poly(orthopropionates). Suitable orthoesters
also may be orthoesters of polyfunctional alcohols, such as glycerin and/or ethylene glycol.
In choosing an orthoester, one should be mindful that some orthoesters have low flash points.
Various derivatives can be synthesized by transesterification of the above mentioned
orthoesters with variety of alcohols, sugars, or polyols. One should be mindful that to
synthesize these molecules, there should not be any free alcohol groups left after the
synthesis, which can further transesterify and possibly break the molecule. Depending on the
desired application, the orthoesters or the poly(orthoesters) may be water soluble, water
insoluble, or solid. Generally speaking, water soluble orthoesters are easy to hydrolyze at

lower temperature in comparison to water insoluble orthoesters. By making an orthoester or a
poly(orthoester) more hydrophobic (e.g., through appropriate derivatization techniques), the
orthoester may be more suitable for use in higher temperature applications. Also,
poly(orthoesters) made by glycerol and trimethyl orthoformate are water soluble depending

on the number of repeating units and can be used for lower temperature applications. One of

the advantages of having a poly(orthoester) over an orthoester is that it has a higher flash
point and a higher viscosity. Similarly, hydrophobic poly(orthoesters) may be synthesized,
which are suitable for higher temperature applications. The choice of which particular

orthoester or poly(orthoester) to use should be guided by such considerations as

environmental factors.
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To allow the orthoester or poly(orthoester) to hydrolyze to produce an acid, a source
of water may be needed. The water should be present in an amount from about 2 moles of
water for about every 1 mole of orthoester to an excess of water. For poly(orthoesters), this
i1s based upon the moles of the orthoester repeating units available for reaction. One of
ordinafy skill in the art with the benefit of this disclosure will recognize whether a suitable
amount of water is present in either the delayed acid-releasing activator or otherwise in the
well bore for a desired application or whether an aqueous fluid should be added.

The delayed tackifying agent compositions of the present invention also may
comprise an inhibitor, which may delay the generation of the acid from the orthoester or
poly(orthoester), and also may neutralize the generated acid during the delay period to
encourage a longer delay. Suitable inhibitors include bases. Examples of some preterred
inhibitors may include sodium hydroxide, potassium hydroxide, amines such as
hexamethylenetetramine, sodium carbonate, and combinations thereof. In certain
embodiments, a small amount of a strong base as opposed to a large amount of a relatively
weak base 1s preferred.

A suitable orthoester or poly(orthoester) can have any suitable form. For instance,
they can be used in a solid form, solution form, a gel form, or an emulsion form. In certain
applications, a solution form may be usetul, e.g., when a faster activation of the aqueous
tackifying agent is desired; in other applications, e.g., when a slower activation is desirable, a
solid, a gel, or an emulsion form may be used. For the solution form, suitable exemplary
solvents include, but are not limited to, propylene glycol, propylene glycol monomethyl
ether, dipropylene glycol monomethyl ether, and ethylene glycol monobutyl ether. In some

embodiments, mixtures of solvents and water may be beneficial, for example, to keep the

orthoester solubilized. The gel form of the orthoester composition may be gelled with
suitable polymers and/or surfactants. For the emulsion form, suitable emulsifiers include
emulsifiers like “WS-44,” which 1s commercially available from Halliburton Energy
Services, Duncan, Oklahoma. One of ordinary skill in the art with the benefit of this
disclosure will recognize the appropriate formulation for a particular application.

The generated acid also may act as a breaker for a viscosified treatment fluid, such as

a fracturing or gravel pack fluid.
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b. Suitable Degradable Polymers

Suitable degradable polymers include those that will release an acid upon degradation
(e.g., through chemical hydrolysis). A polymer is considered to be “degradable” herein if the
degradation 1s due, inter alia, to chemical and/or radical process such as hydrolysis or
oxidation. The degradability of a polymer depends at least in part on its backbone structure.
For 1nstance, the presence of hydrolyzable and/or oxidizable linkages in the backbone often
yields a material that will degrade as described herein. The rates at which such polymers
degrade are dependent on the type of repetitive unit, composition, sequence, length,
molecular geometry, molecular weight, morphology (e.g., crystallinity, size of spherulites,
and orientation), hydrophilicity, hydrophobicity, surface area, and additives. Also, the
environment to which the polymer is subjected may affect how it degrades, e.g., temperature,
presence of moisture, oxygen, microorganisms, enzymes, pH, and the like.

Suitable examples of degradable polymers that release an acid upon degradation that
may be used in accordance with the present invention include, but are not limited to, aliphatic
polyesters; poly(lactides); poly(glycolides); poly(e-caprolactones); poly(hydroxybutyrates);
poly(anhydrides); and aliphatic polycarbonates. A preferred acid precursor is one that
produces acetic acid with poly(acrylate ester) aqueous tackifying agents. Acid precursors
that produce acetates such as ethyl orthoacetate may be preferred with other aqueous
tackifying agents.

Polyanhydrides are another type of particularly suitable degradable polymer useful in
the present invention. Polyanhydride hydrolysis proceeds, inter alia, via free carboxylic acid
chain-ends to yield carboxylic acids as final degradation products. The erosion time can be
varied over a broad range of changes in the polymer backbone. Examples of suitable
polyanhydrides include poly(adipic anhydride), poly(suberic anhydride), poly(sebacic
anhydride), and poly(dodecanedioic anhydride). Other suitable examples include but are not
limited to poly(maleic anhydride) and poly(benzoic anhydride).

The physical properties of degradable polymers depend on several factors such as the
composition of the repeat units, flexibility of the chain, presence of polar groups, molecular
mass, degree of branching, crystallinity, orientation, etc. For example, short chain branches
reduce the degree of crystallinity of polymers while long chain branches lower the melt
viscosity and impart, infer alia, elongational viscosity with tension-stiffening behavior. The

properties of the material utilized can be further tailored by blending, and copolymerizing it
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with another polymer, or by a change in the macromolecular architecture (e.g., hyper-
branched polymers, star-shaped, or dendrimers, etc.). The properties of any such suitable
delayed acid-releasing degradable material (e.g., hydrophobicity, hydrophilicity, rate of
degradation, etc.) can be tailored by introducing select functional groups along the polymer
chains. For example, poly(phenylliactide) will degrade at about 1/5th of the rate of racemic
poly(lactide) at a pH of 7.4 at 55°C. One of ordinary skill in the art with the benefit of this
disclosure will be able to determine the appropriate functional groups to introduce to the
polymer chains to achieve the desired physical properties of the degradable polymers.

Blends of certain delayed acid-releasing degradable materials may also be suitable.
One example of a suitable blend of materials includes a blend of poly(lactic acid) and
poly(glycolide). Other materials that undergo degradation and produce acid may also be
suitable, if the products of the degradation do not undesirably interfere with either the
subterranean treatment being performed or the subterranean formation.

In choosing the appropriate activator, one should consider the degradation products
that will result. Also, these degradation products should not adversely affect other operations
or components. The choice of degradable material also can depend, at least in part, on the
conditions of the well, e.g., well bore temperature. For instance, lactides have been found to
be suitable for lower temperature wells, including those within the range of 60°F to 150°F,
and poly(lactide) have been found to be suitable for well bore temperatures above this range.
Also, poly(lactic acid) may be suitable for higher temperature wells.

When used in the present invention, a preferable result is achieved if the delayed acid-
releasing activator produces an acid after a delay period as opposed to instantaneously. Even
more preferable results have been obtained when the acid is not released until after the
subterranean treatment has been substantially completed and it is desirable for the treatment
fluid to convert to a lower viscosity fluid. '

C. Other Acid Precursors

Other delayed acid-release activators that may be used in conjunction with the present
invention includes those materials whose thermal degradation or reaction products include
acids. Examples include, but are not limited to, esters, lactones, lactic anhydride, maleic

anhydride, and encapsulated acids.

B. Treatment Fluids that Comprise the Delayed Tackifying Compositions of the
Present Invention
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Because of their delayed nature, the delayed tackifying compositions of the present
invention may be used in conjunction with any suitable subterranean treatment fluid (e.g., a
fracturing fluid). As used herein, the term “treatment,” or “treating,” refers to any
subterranean operation that uses a fluid in conjunction with a desired function and/or for a
desired purpose. The term “treatment,” or “treating,” does not imply any particular action by
the fluid or any particular component thereof. In one embodiment, a delayed tackifying
composition of the present invention may be added to a fracturing fluid and then placed
downhole with the fracturing fluid during the fracturing operation. The delayed acid-
releasing activator will produce an acid at a desired time after the fracturing fluid is placed
into a desired portion of the subterranean formation. The acid can act as a breaker for the
fracturing fluid as well as an activator for the delayed tackifying agent of the delayed
tackifying composition. Another example is a gravel pack fluid. A delayed tackifying
composition of the present invention may be added to a gravel pack fluid and introduced to a
subterranean formation with the fluid. The acid can act as a breaker for the gravel pack fluid
(e.g., if the gravel pack fluid is viscosified with a suitable gelling agent) as well as an
activator for the delayed tackifying agent of the delayed tackifying composition. Other
treatments in which a delayed tackifying composition of the present invention may be
introduced into a subterranean formation include remedial or matrix treatments.

Suitable aqueous treatment fluids include fresh water, salt water, brine, seawater, 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. One should note that if
the treatment fluid comprises a large concentration of salts, then those salts may act as an
activator for the aqueous tackifying agent, which may not be desirable.

In some embodiments, the treatment fluid may be foamed. One advantage of using a
foamed version over a nonfoamed Vérsion 1s that less aqueous fluid is used, relatively
speaking. This may be important in subterranean formations that are water-sensitive. In
some embodiments, the foamed treatment fluids have a foam quality of about 30% or above.
A preterred foam quality level is about 50% or above. These may include commingled
fluids. In such embodiments, the treatment fluid comprises a foaming agent and optionally a

suitable surfactant.

The choice of whether to use a surfactant will be governed at least in part by the

mineralogy of the formation. Generally speaking, a surfactant may help facilitate the coating
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of the particulates by the delayed tackifying composition. For instance, the aqueous
tackifying agents used in this invention comprise charged polymers that preferentially
attached to particles having an opposite charge. For example, a hydrophobic polymer having
a negative charge will preferentially attach to surfaces having a positive to neutral zeta
potential and/or a hydrophillic surface. Therefore, in particular embodiments, a cationic
surfactant may be included to facilitate application of the aqueous tackifying agent to
particulates within the formation. As will be understood by those skilled in the art,
amphoteric and zwitterionic surfactants also may be used so long as the conditions they are
exposed to during use are such that they display the desired charge. For example, in
particular embodiments, mixtures of cationic and amphoteric surfactants may be used. When
used in treatment fluid embodiments, the surfactant 1s present in an amount of from about
0.01% to about 5% by volume. When foamed, the base fluid and/or the delayed tackifying
composition may comprise a gas. While various gases can be utilized for foaming the
treatment fluids of this invention, nitrogen, carbon dioxide, and mixtures thereof are
preferred. In examples of such embodiments, the gas may be present in a base fluid and/or a
delayed tackifying composition in an amount in the range of from about 5% to about 95% by
volume, and more preferably in the range of from about 20% to about 80%. The amount of
gas to incorporate into the fluid may be atfected by factors including the viscosity of the fluid
and bottom hole pressures involved in a particular application. Examples of preferred
foaming agents that can be utilized to foam the base tluid and/or the delayed tackifying
composition of this invention include, but are not limited to, alkylamidobetaines such as
cocoamidopropyl betaine, alpha-olefin sulfonate, trimethyltallowammonium chloride, Cs to
C,; alkylethoxylate sulfate and trimethylcocoammonium chloride. Cocoamidopropyl betaine
is especially preferred. Other suitable surfactants available from Halliburton Energy Services
include: “I9N™)” “G-Sperse Dispersant,” “Mortlo III®” surfactant, “Hyflo® IV M”
surfactant, “Pen-88MT™™” surfactant, “HC-2™ Agent,” “Pen-88 HT™” surfactant, “SEM-
7™  emulsifier, “Howco-Suds™” foaming agent, “Howco Sticks™” surfactant, *“A-
Sperse™” Dispersing aid for acid additives, “SSO-21E” surfactant, and “SSO-21MWT™M”
surfactant. Other suitable foaming agents and foam stabilizing agents may be included as

well, which will be known to those skilled in the art with the benefit of this disclosure. The
foaming agent is generally present in a base fluid and/or a delayed tackifying composition of

the present invention in an amount in the range of from about 0.01% to about 5.0% by
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volume; more preferably in the amount of from about 0.2% to about 1.0% and most
preferably about 0.6% by volume.

Optionally, the treatment fluid may comprise a gelling agent. Any gelling agent
suitable for use in subterranean applications may be used in these compositions, including,
but not limited to, natural biopolymers, synthetic polymers, crosslinked gelling agents,
viscoelastic surfactants, and the like. Guar and xanthan are examples of suitable gelling
agents. A variety of gelling agents may be used, including hydratable polymers that contain
one or more functional groups such as hydroxyl, carboxyl, sulfate, sulfonate, amino, or amide
groups. Suitable gelling agents typically comprise polysaccharides, biopolymers, synthetic
polymers, or a combination thereof. Examples of suitable polymers include, but are not
limited to, guar gum and derivatives thereof, such as hydroxypropyl guar and
carboxymethylhydroxypropyl guar, cellulose derivatives, such as hydroxyethyl cellulose,
locust bean gum, tara, konjak, tamarind, starch, cellulose, karaya, diutan, scleroglucan,
wellan, gellan, xanthan, tragacanth, and carrageenan, and derivatives of all of the above.
Additionally, synthetic polymers and copolymers may be used. Examples of such synthetic
polymers include, but are not limited to, polyacrylate, polymethacrylate, polyacrylamide,
polyvinyl alcohol, and polyvinylpyrrolidone. In other exemplary embodiments, the gelling
agent molecule may be depolymerized. The term “depolymerized,” as used herein, generally
refers to a decrease in the molecular weight of the gelling agent molecule. Depolymerized
gelling agent molecules are described in U.S. Pat. No. 6,488,091 issued Dec. 3, 2002 to
Weaver, et al., the relevant disclosure of which 1s incorporated herein by reference. Suitable
gelling agents generally are present in the delayed tackifying compositions of the present

Invention in an amount in the range of from about 0.1% to about 5% by weight of the water
therein. In certain exemplary embodiments, the gelling agents are present in the delayed
tackifying compositions of the present invention in an amount in the range of from about
0.01% to about 2% by volume. If a gelling agent is used, a suitable breaker may be necessary
to ultimately reduce the viscosity of the fluild. Any breaker suitable for the subterranean

formation and the gelling agent may be used. The amount of a breaker to include will

depend, inter alia, on the amount of gelling agent present in the treatment fluid. Other
considerations regarding the breaker are known to one skilled in the art with the benefit of

this disclosure.
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C. The Methods of the Present Invention

The delayed tackifying compositions of the present invention may be used, inter alia,
in any suitable well treatment in which it is desirable to control particulates in a delayed
fashion. One example of a method of the present invention comprises the steps of: pfoviding
a treatment fluid that comprises a delayed tackifying composition of the present invention
that comprises an aqueous tackifying agent and an delayed acid-releasing activator; placing
the treatment fluid 1n a subterranean formation; allowing the acid precursor to produce an
acid after a delay period; and allowing the acid to activate the aqueous tackifying agent to
form an activated aqueous tackifying agent that is capable of stabilizing particulates.

In some embodiments, the present invention provides a method of treating a portion
'of a subterranean formation that comprises: providing a delayed tackifying composition that
comprises an aqueous tackifying agent and an delayed acid-releasing activator; introducing
the delayed tackifying composition to a chosen portion of a subterranean formation; allowing
the delayed acid-releasing activator to produce an acid that is capable of activating the
aqueous tackifying agent; allowing the aqueous tackifying agent to be activated so as to form
an activated aqueous tackifying agent; and allowing the activated aqueous tackifying agent to
adhere to unconsolidated particulates within the portion of the subterranean formation. These
methods can be performed at any time during the life of the well.

Certain methods of the present invention are directed to methods that allow placement
of the tackifying agents deeper into a formation before activation of the tackifying agent.

In some embodiments, the delayed tackifying compositions of the present invention
may be used, inter alia, in primary, remedial, or proactive methods. Whether a particular

22 46

method of this invention is “primary,” “remedial,” or “proactive” is determined relative to the
timing of a fracturing treatment or a gravel packing treatment. The primary methods of the
present invention involve using a delayed tackifying composition of the present invention in
conjunction with a fracturing fluid or a gravel pack fluid (e.g., as a component of the
fracturing fluid or a gravel pack fluid so that the delayed tackifying composition is introduced
into the subterranean formation with the fluid). The remedial methods are most suited for
wells wherem a portion of the well has been fractured and prbpped. The remedial methods
also may be used in a gravel packing situation, for example where there has been. a screen

problem or failure. The proactive methods are most suited for wells that have not yet been

fractured or gravel packed. The proactive methods can be performed in conjunction with a
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fracturing treatment, for example, as a pre-pad to the fracturing treatment or in any diagnostic
pumping stage performed before the main fracturing, gravel packing, or acidizing procedure,
if desired.

The delayed tackifying compositions of the present invention also may be used
before, during, or after in a fracture acidizing or a matrix acidizing process. This 1s possible
because the aqueous tackifying agent is not activated by the HCIl used in such acidizing
procedures. '

One of ordinary skill in the art will recognize that the present invention may be useful
to stabilize other types of particulates, such as the coatings (also referred to as “grapeskin”)
left over from some encapsulated materials.

The methods of the present invention are especially suitable for CBM applications,
wherein it is desirable to control the large volume of formation fines that are usually present
in such formations. If left untreated, these fines can lower the production of a well to the
point where it might not be economically viable. By treating these fines in accordance with
the present invention, the production decline curve of these wells may be improved.

Below are some additional examples of some of the primary, remedial, and proactive

methods of the present invention.

1. Primary Methods

In some embodiments, a delayed tackifying composition of the present invention may
be used in a primary method with a well treatment fluid, such as a fracturing tluid or a
gravel pack fluid. One example of such a method comprises: providing a fracturing fluid
that comprises a délayed tackifying composition of the present invention; placing the

fracturing fluid into a portion of the subterranean formation at a pressure sufficient to create

or enhance a fracture therein; and allowing the delayed tackifying composition to consolidate
particulates within the portion of the subterranean formation. Another embodiment of a
primary method of the present invention comprises the steps of: providing a fracturing fluid
comprising a delayed tackifying composition that comprises an aqueous tackifying agent and
an delayed acid-releasing activator; placing the fracturing fluid into a portion of the
subterranean formation at a pressure sufficient to create or enhance a fracture therein;
allowing the delayed acid-releasing activator to produce an acid that is capable of activating
the aqueous tackifying agent; activating the aqueous tackifying agent to form an activated

aqueous tackifying agent; and allowing the activated aqueous tackifying agent to adhere to a
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surface and/or unconsolidated particulates within the portion of the subterranean formation.
As recognized by one of ordinary skill in the art, while usually preferred, the aqueous
tackifying agent and delayed acid-releasing activator are not required to be in the same fluid
or stage of the treatment.

The fracturing fluids in these primary embodiments may comprise those things
usually found in fracturing fluids including, but not limited to, an aqueous base fluid,
proppant particulates, gelling agents, surfactants, breakers, buffers, a gas phase (if the
fracturing fluid 1s foamed or commingled), coupling agents, and the like.

One example of a primary gravel pack method of the present invention comprises:
providing a gravel pack fluid that comprises gravel, a brine, optionally a gelling agent, and a
delayed tackifying composition, the delayed tackifying composition comprising an aqueous
tackifying agent and an delayed acid-releasing activator; contacting the portion of the
subterranean formation with the gravel pack fluid so as to place a gravel pack in or near a
portion of the subterranean formation; allowing the delayed acid-releasing activator to
produce an acid that is capable of activating the aqueous tackifying agent; allowing the
aqueous tackifying agent to be activated so as to form an activated aqueous tackifying agent;
and allowing the activated aqueous tackifying agent to stabilize particulates within the
subterranean tormation. The gravel pack fluids used in these embodiments may be any
suitable gravel pack fluid, and it may comprise those things usually found in gravel pack
fluids including, but not limited to, an aqueous base fluid, gravel particulates, gelling agents,
surfactants, breakers, buffers, a gas phase (if the fluid 1s foamed or commingled), and the
like.

One should note that the delayed acid-releasing activator rnay act as a breaker for or
enhance the breaking of the fracturing fluid or the gravel pack fluid in that it may help reduce
the viscosity of the fracturing fluid or the gravel pack fluid. The acid also may be helpful in
cleaning up near well bore formation damage. One should also note that the delayed
tackitfying compositions of the present invention allow the use of aqueous tackifying agents
in fracturing tluids or gravel pack fluids without impairing the quality of the gel.

2. Remedial Methods

In some remedial embodiments of the present invention, after a fracturing treatment
or a gravel pack treatment has been performed, a delayed tackifying composition of the

present invention may be introduced into an unconsolidated zone of a subterranean formation
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to stabilize particulates within the zone. In such embodiments, it may be desirable to include
a breaker or an enzyme in the delayed tackifying composition to interact with any undesirable
gel residue that may be present. The delayed tackifying composition may disperse any loose
fines within a proppant pack in a fracture, move any fines away from the fracture (or near
well bore), stabilize gravel particulates around a screen, stabilize a screen failure, and lock
the fines in the formation without causing damage to the permeability of the formation.

In some embodiments, the delayed tackifying composition that comprises an aqueous
tackifying agent and an delayed acid-releasing activator will be placed into at least one
propped fracture within an unconsolidated zone of a subterranean formation. The delayed
acid-releasing activator will produce an acid that activates the aqueous tackifying agent in the
delayed tackifying composition. The activated aqueous tackifying agent will stabilize loose
particulates in the fracture. In the remedial embodiments, the delayed tackifying
compositions of the present invention may be introduced to the subterranean formation with
any suitable base fluid. Suitable aqueous base fluids include fresh water, salt water, brine,
seawater, 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. One should note
that if the aqueous base fluid comprises a large concentration of salts, then those salts may act
as an activator for the aqueous tackifying agent, which may not be desirable. As recognized
by one of ordinary skill in the art, while usually preferred, the aqueous tackifying agent and

delayed acid-releasing activator are not required to be in the same fluid or stage of the

treatment.

3. The Proactive Methods

The proactive methods of the present invention are most suited for wells that have not

been fractured or gravel packed yet. These methods can be used as a pre-treatment before a

fracturing treatment or at the early stage of a fracturing treatment (including diagnostic

pumping) as a pre-pad treatment.

In some embodiments, the proactive methods of the present invention comprise
placing a delayed tackifying composition before or as part of a pre-pad of a fracturing
treatment into a subterranean formation. The second step involves fracturing a portion of the
subterranean formation. This fracturing step may include the introduction of some proppant
into the formation. This proppant may be coated, uncoated, or a combination thereof (i.e.,

some coated, then some uncoated, and so on). In some embodiments, from an economic
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point of view, it i1s preferable to introduce the coated proppant at the end of the fracturing
treatment. The third step involves introducing proppant during the fracturing treatment into
the fractures created in the fracturing treatment. The proppant may form proppant packs in
the fractures. All three steps may be performed with a single fluid. As recognized by one of
ordinary skill in the art, while usually preferred, the aqueous tackifying agent and delayed
acid-releasing activator are not required to be in the same fluid or stage of the treatment.

4. Introducing Coated Proppant.

In some embodiments, the delayed tackifying compositions of the present invention
may be coated on proppant to be used in a fracturing or gravel packing process like those
described above. The resultant coated proppant may be introduced as part of a fracturing or
gravel packing process, at any point during one of the methods described above. Preferably,
the coated proppant is introduced towards the end of a fracturing or gravel packing treatment
so that the maximum economic benefit can be obtained. The term “coated proppant” as used
herein means proppant particulates that have been at least partially coated with a delayed
tackifying composition of the present invention or a component thereof. The proppant
particulates may be coated by any suitable method as recognized by one skilled in the art with
the benefit of this disclosure. The term “coated” does not imply any particular degree of
coverage of the proppant particulates with a delayed tackifying composition.

A wide variety of particulate materials may be used as proppant in accordance with
the present invention, including, but not limited to, sand; bauxite; ceramic materials; glass
materials; resin precoated proppant (e.g., commercially available from Borden Chemicals and
Santrol, for example, both from Houston, TX); polymer materials; “TEFLONTM”
(tetratluoroethylene) materials; nut shells; ground or crushed nut shells; seed shells; ground
or crushed seed shells; fruit pit pieces; ground or crushed fruit pits; processed wood;
composite particulates prepared from a binder with filler particulate including silica, alumina,
fumed carbon, carbon black, graphite, mica, titanium dioxide, meta-silicate, calcium silicate,
kaolin, talc, zirconia, boron, fly ash, hollow glass microspheres, and solid glass; or mixtures

thereof. The proppant used may have a particle size in the range of from about 2 to about 400

mesh, U.S. Sieve Series. Preferably, the proppant is graded sand having a particle size in the
range of from about 10 to about 70 mesh, U.S. Sieve Series. Preferred sand particle size

distribution ranges are one or more of 10-20 mesh, 20-40 mesh, 40-60 mesh or 50-70 mesh,
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depending on the particle size and distribution of the formation particulates to be screened out
- by the proppant.

To tacilitate a better understanding of the present invention, the following examples
of certain aspects of some embodiments are given. In no way should the following examples
be read to limit, or define, the scope of the invention.

EXAMPLES

To 5 ml of a 40% solution of poly(acrylate ester) polymer in water (buffered to a pH
of about 9 with NaHCO3) was added to S ml ethyl orthoacetate for a total volume of 100 ml.
Next, 10 g activated carbon (simulated coal fines) was added. Flocculation did not occur.
Upon lowering the pH with a nonactivating 3% HCI solution to near neutral, the orthoester
hydrolyzed, releasing acetic acid that activated the poly(acrylate ester) polymer, which
consolidated the coal.

Therefore, the present invention is well adapted to attain the ends and advantages
mentioned as well as those that are inherent therein. While numerous changes may be made
by those skilled in the art, such changes are encompassed within the spirit of this invention as
defined by the appended claims. The terms in the claims have their plain, ordinary meaning

unless otherwise explicitly and clearly defined by the patentee.
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What 1s claimed 1is:
1. A method comprising the steps of:

providing a treatment fluid that comprises a delayed tackifying composition,
the delayed tackifying composition comprising an aqueous tackifying agent and a delayed
acid-releasing activator;

placing the treatment fluid in a subterranean formation;

allowing the acid precursor to produce an acid after a delay period; and

allowing the acid to activate the aqueous tackifying agent so as to form an
activated aqueous tackifying agent that is capable of stabilizing particulates.

2. The method of claim 1 wherein the step of allowing the acid to activate the
aqueous tackifying agent to form an activated aqueous tackifying agent that is capable of
stabilizing particulates occurs before, during, or after the step of placing the treatment fluid in
the subterranean formation.

3. The method of claim 1 wherein the delay period range from about 15 minutes
to about 75 hours.

4, The method of claim 1 wherein the aqueous tackifying agent comprises a
polymer selected from the group consisting of: acrylic acid polymers; acrylic acid ester
polymers; acrylic acid derivative polymers; acrylic acid homopolymers; acrylic acid ester
homopolymers; poly(methyl acrylate); poly (butyl acrylate); poly(2-ethylhexyl acrylate);
acrylic acid ester co-polymers; methacrylic acid derivative polymers; methacrylic acid
homopolymers; methacrylic acid ester homopolymers; poly(methyl methacrylate); poly(butyl
methacrylate); poly(2-ethylhexyl methacrylate); acrylamido-methyl-propane sulfonate
polymers; acrylamido-methyl-propane sulfonate derivative polymers; acrylamido-methy!-
propane sultonate co-polymers; acrylic acid/acrylamido-methyl-propane sulfonate co-
polymers, derivatives thereof, and combinations thereof.

3. The method of claim 1 wherein the aqueous tackifying agent comprises at
least one aqueous tackifying agent selected from the group consisting of: benzyl coco di-
(hydroxyethyl) quaternary amine; p-T-amyl-phenol condensed with formaldehyde; and a
copolymer comprising from about 80% to about 100% C,_3p alkylmethacrylate monomers and

from about 0% to about 20% hydrophillic monomers.

6. The method of claim 1 wherein the aqueous tackifying agent comprises from

about 0.01% to about 10% of the delayed tackifying composition.



CA 02556068 2006-08-11

23

7. The method of claim 1 wherein the delayed acid-releasing activator comprises
an acid precursor selected from the group consisting of: orthoesters; poly(orthoesters);
degradable polymers; encapsulated acids; esters; lactones; lactic anhydride; and maleic
anhydride.

8. The method of claim 1 wherein the delayed-acid releasing activator comprises
an orthoester defined by the formula: RC(OR")(OR")(OR'), wherein R', R", and R" are not
hydrogen and R', R", and R"™ may or may not be the same group.

9. The method of claim 1 wherein the delayed-acid releasing activator comprises
an orthoester or a poly(orthoester) selected from the group consisting of: orthoacetates;
trimethyl orthoacetate; triethyl orthoacetate; tripropyl orthoacetate; triisopropyl orthoacetate;
tributyl orthoacetates; poly(orthoacetates); orthoformates; trimethyl orthoformate; triethyl
orthoformate; tripropyl orthoformate; triisopropyl orthoformate; tributyl orthoformate;
poly(orthoformates); orthopropionates; trimethyl orthopropionate; triethyl orthopropionate;
tripropyl orthopropionate; triisopropyl orthopropionate; tributyl orthopropionate;
poly(orthopropionates); and orthoesters of polyfunctional alcohols.

10.  The method of claim 1 wherein the delayed-acid releasing activator comprises
a degradable polymer selected from the group consisting of: aliphatic polyesters;
poly(lactides); poly(glycolides); poly(e-caprolactones); poly(hydroxybutyrates);
poly(anhydrides); poly(adipic anhydride); poly(suberic anhydride); poly(sebacic anhydride);
poly(dodecanedioic anhydride); poly(maleic anhydride); poly(benzoic anhydride); poly(lactic
acid); a blend of poly(lactic acid) and poly(glycolide); and aliphatic polycarbonates.

11.  The method of claim 1 wherein the treatment fluid is a fracturing fluid or a
gravel pack fluid.

12, The method of claim 1 wherein the treatment fluid comprises a component
selected from the group consisting of: fresh water; salt water; brines; seawater; a foaming
agent; alkylamidobetaines; cocoamidopropyl betaine; alpha-olefin sulfonate;
trimethyltallowammonium chloride; Cg to Cy; alkylethoxylate sulfate;
trimethylcocoammonium chloride; gelling agents; natural biopolymers; synthetic polymers;
crosslinked gelling agents; viscoelastic surfactants; guar; xanthan; polysaccharides;

depolymerized gelling agents; and breakers.

13. The method of claim 1 wherein the subterranean formation is a coal bed

methane formation.
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14.  The method of claim 1 wherein the delayed tackifying composition is coated
on at least a plurality of proppant particulates.

15. A method comprising:

providing a delayed tackifying composition that comprises an aqueous
tackifying agent and an delayed acid-releasing activator;

introducing the delayed tackifying composition to a chosen portion of a
subterranean formation;

allowing the delayed acid-releasing activator to produce an acid that is capable
of activating the aqueous tackifying agent;

allowing the aqueous tackifying agent to become activated to produce an
activated aqueous tackifying agent; and

allowing the activated aqueous tackifying agent to adhere to particulates
within the portion of the subterranean formation.

16. The method of claim 15 wherein the delayed acid-releasing activator
comprises an acid precursor selected from the group consisting of: orthoesters;
poly(orthoesters); degradable polymers; encapsulated acids; esters; lactones; lactic anhydride;
and maleic anhydride; and the aqueous tackifying agent is selected from the group consisting
of: acrylic acid polymers; acrylic acid ester polymers; acrylic acid derivative polymers;
acrylic acid homopolymers; acrylic acid ester homopolymers; poly(methyl acrylate); poly
(butyl acrylate); poly(2-ethylhexyl acrylate); acrylic acid ester co-polymers; methacrylic acid
derivative polymers; methacrylic acid homopolymers; methacrylic acid ester homopolymers;
poly(methyl methacrylate); poly(butyl methacrylate); poly(2-ethylhexyl methacrylate);
acrylamido-methyl-propane sulfonate polymers; acrylamido-methyl-propane sulfonate
derivative polymers; acrylamido-methyl-propane sulfonate co-polymers; acrylic
acid/acrylamido-methyl-propane sulfonate co-polymers, derivatives thereof, and

combinations thereof.

17. The method of claim 15 wherein the step of introducing the delayed tackifying
composition to a chosen portion of a subterranean formation occurs before, during, or after a
fracture acidizing process or a matrix acidizing process.

18. The method of claim 15 wherein the method is a primary method, a proactive
method, or a remedial method relative to a fracturing treatment or a gravel packing treatment

in the subterranean formation.
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19.  The method of claim 15 wherein the delayed tackifying composition is coated
on at least a plurality of proppant particulates selected from the group consisting of: sand;
bauxite; ceramic materials; glass materials; resin precoated proppant; polymer materials;
tetrafluoroethylene materials; nut shells; nut shell pieces; fruit pit pieces; processed wood
particles; composite particulates prepared from a binder with a filler particulate; silica;
alumina; fumed carbon; carbon black; graphite; mica; titanium dioxide; meta-silicate;
calcium silicate; kaolin; talc; zirconia; boron; fly ash; hollow glass microspheres; and
mixtures thereof.

20.  The method of claim 15 further comprising:

providing a gravel pack treatment fluid that comprises an aqueous fluid and
optionally a gelling agent with the delayed tackifying composition; and

introducing the gravel pack treatment fluid with the delayed tackifying
composition into the subterranean formation so as to place a gravel pack in or near a portion
of the subterranean formation.

21. A method comprising:

providing a fracturing fluid that comprises a delayed tackifying composition,
the delayed tackifying composition comprising an aqueous tackifying agent and a delayed
acid-releasing activator; '

placing the fracturing fluid into a portion of a subterranean formation at a
pressure sufficient to create or enhance a fracture therein;

allowing the delayed acid-releasing activator to produce an acid that is capable
of activating the aqueous tackifying agent;

allowing the aqueous tackifying agent to become activated to produce an
activated aqueous tackifying agent; and
allowing the activated aqueous tackifying agent to adhere to particulates

within the portion of the subterranean formation.
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