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IMPROVING SHEAR BOND STRENGTH OF 58T CEMENT

BACKGROUND

FO001T The present invention relates o subterranean operations. More
specifically, the present invention relates to methods of cementing well bores in
subterranean formations.

Q002 T The present invention provides methods of cementing well bores
whereby the set cement sheath may exhibit improved shear strength., During
the construction of a well, such as an oil ang gas well, a hydraulic cement is
typically placed inte the annular space between the walls of the well bore
penetrating a subterranean formation and the exterior surface of the well bore
casing suspended therein. Such cement compositions have also been placed
into the annular space petween the walls of concentric pipes, such as a well bore
casing and a liner suspended in the well bore. Subseguent to placement of the
cement composition, further operations in the well bore, such as drilling, are
suspended for a time sufficient to permit the cement to set o form a mass of
nardened cement in the annulus, The mass of hardened cement is referred to as
the sheath., The cementing procedure resulting in the nitial construction of the

sheath is often referred to as the primary cementing operation.

FO003 T The function of a cement sheath may inciude providing physical
support and positioning of the casing in the well bore, bonding of the casing to
the walls of the well bore, preventing the movement of fluid (liguid or gas)
between formations penetrated by the well bore, and preventing fluid from
escaping the well at the surtace of the formation. The set cement sheath should
be able o endure a number of stresses guring various downstream operations

after the primary cementing operation,

P o084 In practice, a cement sheath may be compromised due to shear
and compression stresses exerted on the set cement.  Such stress conditions
gy be caused by high fluid pressures and/or temperatures inside pipe
cemented in well bores during testing, perforating, fluid injection and/or fluid
production, for example. The high internal pipe pressure and/or temperature
results in expansion of the pipe, both radially and iongitudinally, which places

stresses on the cement sheath potentially causing it to crack or the bonds
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between the exterior surfaces of the casing and/or the well bore walls and the
cement sheath to fail resulting in a loss of hydraulic seal.

L 00051 The hydraulic seal may be particularly important in maintaining
zonat isolation. If this seal becomes compromised, inter-zonal communication
may {ead to oll and gas flowing to lower pressure zones within the well instead of

being produced. Loss of seal integrity may also lead to water production or

annuiar pressure pbulid up.  Any of these occurranceas may require expensive

remedial services and/or may even resuit in the well being shut down in order to

comply with regulatory procedures.

F 00067 Factors that can affect shear bond strength in a set cement
sheath inciude, for exampie, the surface roughness of the casing, the precision
of centering of the well bore casing string, the porosity of the well bore wall, the
presence of thief zones in the vicinity of the well bore being cemented, and the
removal of mud cakes prior to the primary cementing operation. Numerous

approaches for improving shear bond strength have focused on the cementing

compositions themselves and various additives have peen inciuded for this
DUrpose, such as caicined magnesium oxide (MgQO), which is capable of
expanding during cement setting. This reagent and other additives capable of
expansion may be empioyed to compensate for drying shrinkage associated with
cement setting. However, while expanding additives may be useful to
counteract drving shrinkage, this benefit may be ameliorated by reduction in
compressive strength of the set cement. Moreover, while such reagents may
provide an increase of shear bond through mechanical torces pushing against the
well bore wall and c¢asing, they may lack the additional benefit of chemical

ponding between the cement, the well bore wall, and/or the casing string. In

some applications, the mechanical force improvements provided by cement

compositions alone may be insufficient for the well bore conditions.

P
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SUMMARY OF THE INVENTION
Q0077 The present invention relates to subterranean operations. More

specifically, the present invention relates to methods of cementing well bores.
FO0081  In some embodiments, the present invention provides a method
comprising the steps of coating at least a portion of the walls of a formation well
bore with a resin to form a resin-coated formation portion, introducing a cement
composition into the resin-coated formation portion, and allowing the cement
composition to set to provide a set cement sheath neighboring the resin-coated

formation portion, wherein a shear bond strength of the set cement sheath In

the presence of the resin coating is greater than a shear bond strength of the
cement composition or a shear bond strength of the resin, each individually.
FO0089T  In some embodiments, the present invention provides g method
comprising, pumping a first resin through a casing string and into at least s
portion of a first annulus between the outer wall of the casing string and a wall
of a formation well bore at a first depth, displacing substantially all of the first
Fesin in the portion of the tirst annulus to provide a resin-coated annular well
pore watl and resin-coated outer wall of the casing string, pumping a first

cement composition through the casing string and into the first annuius between

the resin-coated annular well bore wall and the resin-coated outer wall of the
casing string, and allowing the cement composition to set therein.

TO010: In some embodiments, the present invention provides a set
cement sheath with a resin laver disposed between the formation and the
cement sheath and/or a resin laver disposed between the casing string and the
cement sheath, the resin laver providing improved shear strength compared to
the cement alone ¢or resin alone.

QU111 The features and advantages of the present invention will be

readily apparent to those skilied in the art upon a reading of the description of

the preferred embodiments that foliows.,
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BRIEF DESCRIPTION OF THE DRAWINGS

80127 The following figure is included to illustrate certain aspects of
the present invention, and should not be viewed as an exciusive embodiment.
The subject matter disciosed is capable of considerable modification, alteration,
and eguivalents in form and function, as will occur to those skilled in the art ang
having the benefit of this disclosure.

Q0131 Figure 1 snows a plot of shear bond (psi) versus position {in) for
a) a resin alone, b} a cement alone, and ¢) a resin coating laver plus cement, as
noted, in accordance with embodiments disclosed herein.
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DETAILED DESCRIPTION
80147 The present invention relates to subterranean operations. More

specifically, the present invention reiates to methods of cementing well bores.

FO0LS5: In order for a cement composition to properly provide zonal
isolation, the set cement sheath should exhibit properties sufficient for the well
bore conditions. These properties inciude, but are not limited to, compressive
strength, tensile strength, pump time, rheology, fluid 10ss, Young's Modulus, and
shear bond. The present invention provides methods of cementing well bores
whereby the set cement sheath may exhibit improved shear bond strength. For
exampie, while typical shear bond strength may be roughly about 10% of the
compressive strength of the cement, methods of the present invention may
srovide substantially higher shear bond values up to vaiues about eqgual to the
compressive strength of the cement. The increase in shear bond strength may
be the result of a synergistic effect provided by coating the well bore wall and/or
the outer face of the casing string with a resin just prior o introducing a cement
composition to form the set cement sheath in primary cementing operations.
Without being bound by theory, such synergistic effects may be provided by
chemical bonding motifs as well as mechanical bonding between the cement and
the resin with each other and between the resin and the well bore wall and/or
the casing string.

FO0167 Advantageousity, improvements in shear bond strength may be
obtained through methods of the invention without altering the cement
composition itself, aliowing for the use of any standard or designed cement
siurries. That is, no additional additives to the cement composition are needed
to realize the improved shear bond values., Nonetheless, methods of the

invention are compatible with the use of known additives that are designed to

Hnprove shear bond, such as calcined MgQ, elastomers, or Al powder, for

exampie. Likewise, resins emplioved in methods of the invention need not

deviagte from standard resin compositions that may be ysed in well bore plugging
operations, for exampie. Thus, methods of the invention are fully compatibie
with existing cements and resins, providing ready access with no special
handling or formulating. The shear bond improvements are realized by resin
coating just prior to introducing the cement composition. No resin setting is

reqguired, aithough partial curing may be optionally emploved.
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FO01L7 . Methods of the present invention provide sef cement sheaths
with improved shear bond strength that may be beneficial in controlling gas
migration and may exhibit fewer micro annuli being formed due to improved
bonding to the casing. The resuitant set cement sheaths provided by methods
of the invention may provide better zonal isolation via a more robust hydraulic
seal.  Again, without being bound by theory, methods of the invention that

empioy a thin resin tiim in the well bore prior to introducing the cement, may

axNibit improved fluld loss control in porous formations and in thief zones., This

e

miay result in less drying shrinkage and/or may avert the formation of potentially
damaging cement bridges.

FO01E8] Finally, methods of the invention may be carried ocut on a rapid
timescale whereby the cement composition may be introduced via the ¢asing
immediately after forming the thin resin film in the well bore. Thus, there is no
need to allow tor resin setting time. Given the guidance provided herein, other
advantages will be apparent to the skilled artisan having the benefit of this
gisclosure.

FO0191 In some embodiments, the present invention provides methods
comprising the steps of coating at least a portion of the walis of formation well
bores with resins, introducing cement compositions into the coated formation
well bores, and allowing the cement compositions to set to provide set cement
sheaths, wherein the shear bond strengths of the set cement sheaths are
greater than the shear bond strengths of the cement compoesitions or the shear
pond strengths of the resing, each ingividually.

FO0201 As used nerein, the term “coating” refers to any process that
may be used to provide a thin fiim of resin on any portion of the well bore wall
surface, the outer surface of the casing string and/or any liners, or combinations
thereof. Although fully coating the entirety of all surfaces to be cemented is
ideal, the invention should not be so limited. Thus, in some embodiments,
coating may comprise providing thin film coverage of the resin at particular
nortions of the well bore walls, casing string, liners, or combinations thereof. A
coated surface may be one which after having been exposed o an excess of

resin, the majority of excess resin s removed from any annular void volumes

ieaving benhind enough resin to thinly coat the desired surfaces. In other
embodiments, the desired surfaces are thinly coated by way of

swabbing/painting with a tool, spraving the surface with neat or thinned resin, or

3
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otherwise applving the resin to the targeted surfaces. In some embodiments,
thinly coating the surface may entall providing a resin film less than about 10
millimeters {mm) thickness, in other embpodiments less than about 1 mm
thickness, and vet in other embodiments less than about 0.1 mm, inciuding any
values in petween and fractions thereof. In some embodiments, the exact
thickness of a film may be a function of the viscosity of the resin under the well
pore conditions. Those sikilled in the art will recognize that the exact thickness
of the resin coating is flexible and that coatings greater than 10 mm or iess than
0.1 mm may also be operable,

00211 In some embodiments, the resin component employved in
methods of the invention may comprise a hardenable resin, an optional soivent,
and an optional aqueous diluent or carrier fluid. As used herein, the term "resin’
refers to any of a number of physically polymerizable synthetics or chemically
modified natural resins including thermoplastic materials and thermosetting
materiais., Exampies of resins that may be used in methods of the invention
inciude, but are not imited o, epoxy-based resing, novoiak resins, polyepoxide
resing, phenoi-aldenyde resins, ureag-aldehvyde resins, urethane resins, phenolic
resins, furan resins, furan/furfuryl alcohol resing, phenolic/iatex resins, phenol
formaldehyde resinsg, bisphenclt A diglycidyl ether resins, butoxymethyl butyl
giycidyl ether resing, bisphenol A-epichiorohvdrin resins, bisphenot F resins,
givcidyt ether resins, polvester resing and hybrids and copolymers thereof,
polyurethane resins and hybrids and copolymers thereof, acryiate resins, and
mixtures thereot., Some suitable resins, such as epoxy resinsg, may be cured
with an internal catalyst or activator so that when pumped down hoie, they may
e cured using only time and temperature. Other suitable resins, such as furan
resing generally reguire a time-deiayved catalyst or an external catalyst o help
activate the polymerization of the resins if the cure temperature is iow {(i.e., less
than about 250 °F.), but will cure under the effect of time and temperature if the
formation temperature is above agbout 250 °F., preferably above about 300 °F.
It is within the ability of one skilied in the art, with the benefit of this disclosure,
to select a suitable resin for use in embodiments of the present invention and o
determine whether a catalyst is required to trigger curing. One resin that may
be used in particular embodiments of the present invention is the consolidation
agent commercially available from Halliburton Energy Services, Inc., of Duncan,

Okla., under the ftrade name BEXPEDITE™. Consistent with embodiments
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disciosed herein, the curing of the resin need not occur prior to introduction of
the cement compaosition. In some embodiments, the resin may be purposely not
cured prior to introduction of the cement composition. in still further
embodiments, a partial cure of the resin may be performed prior to introduction
of the cement composition,

80221 As used herein, the term “cement composition” refers to any
vadrawic or non-hydraulic cement that is suitable for the construction of a

cement sheath in primary cementing operations. In some embodiments,

methods of the invention may include cement compositions comprising a
nyarautic cement. In some embodiments, methods of the invention may include
cement compositions comprising a non-hvdraulic cement.

00231 Suitable examples include hydraulic cements that comprise
calcium, aluminum, silicon, oxygen and/or suifur, which set and harden by
reaction with water., Such hvdraulic cements, inciude, but are not limited to,

Portiand cements, pozzolana cements, gypsum cements, high-alumina-content

cements, siag cements, silica cements and combinations thereof. In certain
embodiments, the hvydraulic cement may comprise a Portiand cement. The
Portiand cements that may be syited for use in embodiments of the present
invention are classified as Class A, B, C, D, E, F, G and H cements according to
American Petroleum Institute, Recommended Practice for Testing Well Cements,
APl Specification 10B-2 (IS0 10426-2), First edition, July 2005, In addition, in
some embogiments, cements suitable for use in the present invention may
nclude cements classified as ASTM Type I, 11, 111, IV, or V.

00247 In some embodiments, non-hvdraulic cements may comprise

gypsum plaster, lime and blast furmmace siag.  In some embodiments, non-

nydraulic cements may comprise acid base cements. The acid-base cement may
be any acid-base cement known in the art, including acid-base cements used in
other industries, such as acid-base cements emploved in dental applications
such as calcium phosphate acid-base cements.  As used herein, “acig-base
cement” refers to any cement that comprises an acid source and a base source
capable of reacting to form a set cement. In some embodiments, the acid-base

cement comprises any combination of a Lewis acid {electron pair acceptor) with

a Lewis base (electron pair donor). In some embodiments, the acid-hase

cement is a non-hvdraulic cement. Non-hvydraulic cements may be created, for
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example, using materials such as non-hydraulic lime and gvpsum piasters, and
oxychloride, which has liquid properties.

F 00251 A broad variety of acig sources and pase sources may be
suitable for use in the self-degrading cement compositions of the present
invention., Examples of suitable acid sources inciude, inter alia, magnesium
chioride {(MgCly), potassium phosphate monobasic (KH,PQ4), phosphoric acia
(HiPO4), magnesium suifate (Mgb04), and ammonium phosphate monobasic

(NH-PO,).  Examples of suitable base sources inciude, inter alia, magnesium

oxide (MgO), and ammonia {(NHs). An example of a suitable source of
magnesium oxide is commercially available from Martin Marietta under the trage
name "MagChem 10.7 An example of a suitable source of potassium phosphate
monobasic is commercially availlable from Fisher Scientific.

P 0026 Generally, an acid source and base sgurce may be chosen that
may react 50 as to form an acid-base cement. For exampie, magnesium oxide
may be chosen as a base source, and potassium phosphate monobasic may be
chiosen as an acid source, so that in the presence of water they may react to
oroduce an acid-base cement having the chemical formula MgKPO,-0OH,0.  As
another example, magnesium oxide may be chosen as a base source, and
magnesium chioride may be chosen as an acid source, so that in the presence of
water they may react to produce an acid-base cement having three oxychioride
shases; one oxychioride phase may have the chemical formula 5 Mg{OH YMgCl,-
8H,0, which may be referred to as "5-form.” As ancther example, magnesium
oxide may be chosen as a base sguree, and phosphoric acid may be chosen as
an acid source, s that in the presence of water they may react to produce an
acig-base cement having the chemical formula MgHPO,-SHO.  As still another
exampie, magnesium oxide may be chosen as a base soufce, and magnesium
suifate may be ¢chosen as an acid source, so that in the presence of water they
may react to produce an acid-base cement having four possible oxysulfate
phases; one oxysuifate phase may have the chemical formula 3 Mg{OH),Mg50;,-
SH,O, which may pe referred to as "3-form.” As stiii another example,
magnesium oxide may be chosen as a base sgurce, and ammaonium phosphate
MoONohasic may be ¢hosen as an acid source, s¢ that in the presence of water
they may react o produce an acig-pase cement naving the c¢chemical formula
MO(INHLPO,4-OH0, A broad variety of acid sources and base sources may be

used, and a broad variety of acid-base cements may be produced, in accordance

y,
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with the present invention, inciuding, but not limited to, those acid sources, base
SOUNrCes, and acid-base cements that are disciosed in "Acid-Base Cements: Their
by Alan D. Wilson and John W.

Y

Biomedical and Industrial Applications,’
Nicholson {Cambridge Univ. Press, 1863).

L Q0271 Generally, the acid source and base sgurce may be present in a
stoichiometric amount.,  For exampie, in certain embodiments of the present
invention wherain magnesium oxide is used as a base source and potassium
phosphate monobasic s used as an acid source, their relative concentrations
may be illustrated by EQUATION 1 below.

EQUATION 1: 0.15 grams MgO + 0.52 grams KHPO,; + 0.33 grams H,O ~* 1
gram MgKPQO4-0OH,0.

FO028F EQUATION 1 is merely exemplary, and may be muodified as one
of ordinary skill in the art will recognize, with the benefit of this disciosure. For
example, additional guantities of magnesium oxide may e included, in amounts
iy the range of from about 1% excess by weight to about 25% excess by weight,
including any value in between or fractions thereof.

FO0297 In some embodiments, methods of the invention provide an
acid-base cement that includes at least one acid source selected from the group
consisting of magnesium chioride (MqgCl), zinc chioride (ZnCh), potassium
phosphate monobasic (KH;PQO4), phosphoric acid {(HiP0Os), magnesium sulifate
(MgS0,), ammonium phosphate monobasic (NH H>PO,), and any combination
thereof. In some embodiments, methods of the present invention provide an
acigd-pase cement that includes at {east one base sgurce selected from the group
consisting of Mmagnesium oxige (Mg(), zinc oxide {(Znd), ammonia {(NHs}, and
any combination thereof. For exampie, in some embodiments, the acig-base
cement comprises a Sorel cement comprising magnesium, Zinc, or mixtures
thereof. In some embodiments, the Sorel cement is based on magnesium. In
some embodiments, the Sorel cement has a formula Mg,CLIOH ) (H-0)s.  In
some embodiments, the Sorel cement is a zing variant emploving zinc chioride
and zinc oxide,

QO30T In some embodiments, cement compositions may be foamed or
non-foamed. The cement compositions of the present invention further may
comprise a conventional lost circulation material., The conventional lost
circulation material may be any material that may minimize the loss of fluid

circuiation into the fractures and/or permeable zones of the formation.

10
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Exampies of suitable conventional lost circulation materials include, but are not
Himited to, asphaitenes, ground coal, celiulosic materials, plastic materials, and
the like., In certain exemplary embodiments, the conventional lost circuiation
materiais may be provided in particuiate form. One of ordinary skill in the art
with the benefit of this disciosure will recognize the appropriate amount of the
conventional tost circulation material for a chosen application.

FO031T7 Optionally, additional additives may be added to the cement
compositions of the present invention as deemed appropriate by one skilled in
the art, with the benefit of this disciosure. Examples of such additives inciude,
inter alia, fly ash, silica, fluid loss control additives, surfactants, dispersants,
accelerators, retarders, saits, mica, fibers, formation-conditioning agents,
bentonite, cement kiln dust {(CKD), expanding additives, microspheres, weighting
materials, defoamers, and the like. For exampie, the cement compositions of
the present invention may be foamed cement compositions comprising one or
more foaming surfactants that may generate foam wnen contacted with a gas,

e.¢., nitrogen. An example of a suitabie tly ash is an ARTM class F fly ash that is

commercially avaiiable from Hailliburton Energy Services of Dallas, Tex., under
the trade designation "POZMIXE® A" An example of a suitable expanding
additive comprises deadbumed magnesium oxide and is commercially available
under the trade name "MICRCOBOND HT” from Halliburton Energy Services, Ing,,
at various iocations.

Q0321 As used herein, the term “shear bond strength,” or just “shear
hond” refers to the maximum load at first movement between the cement
sheath and the casing and/or the well bore wall., An exempiary shear-bond-
strength test may be performed as described in SPE 764 entitled "A Study of
Cement Pipe Bonding” by L. G, Carter and G. W. EBEvans. Shear bond strength
miay be calcuiated by the formuia;

FEF=<fy
where 5BS is shear bond strength, F is the force required to break the bond
between the pipe and the cement sheath, and A is the cement-casing contact
area. In some embodiments, the shear bond strength achieved in methods of
the invention may excead about 10% of the compressive strength. In some

embodiments, the shear bond strength may exceed about 20% of the
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compressive strength, about 30%, about 40%, about 50%, up to about 100% of
the compressive strength, including any value in between and fractions thereof.

P 00331 In some embodiments, methods of the invention may include
the coating step, which further comprises coating at least a portion of the cuter
walis of the casing strings. The degree of coverage of the coating may be
supstantially the entire surface that is to pe cemented, in some empodiments.

In other embodiments, partial coating may be sufficient. In some embodiments,

only the well pore wall is coated and not the casing. In other embodiments,

both the well bore walls and the outer walls of the casing strings are coated.
Where liners may be empiovyed, coating may further comprise coating at least 3
portion of the inner and/or outer surface of the liners. In some such
embodiments, the resin may be simply introduced into the annulus between the
casing string and the well bore wall foliowing a spacer fiuid or cleaning fluid, or
both., In some embodiments, coating is performed by introducing the resin
directly into the annulus between the ¢asing string and well pore wall, In some
embodiments, methods of the invention may include the coating step, which is
serformed by a) introducing an excess of the resin between a c¢asing string and
the walls of the formation well bore, and b) removing the excess resin to provide
coated formation well bore walls and a coated casing string.,  In some
embodiments, excess resin may be introduced into the center of the ¢asing
string and pushed through the annulus between the casing and the well bore
wall, In some such embodiments, an excess of resin may be added, followed by
a spacer fiuid to push the resin through the annuius.,

00347 In some embodiments, methods of the invention may include
resins, which comprise a thermoplastic or thermoset material as describeg
nerein above.,  In some embodiments, methods of the invention may further
comprise the step of minimally diluting the resin prior to the coating step to
provide a target viscosity.,  In some such embodiments, methods of the
invention may include resins having target viscosities in a range from about 1
cps to about 50,000 cps, including about 1 ¢ps, about 100 cps, about 1,000 ¢ps,
about 18,000 ¢ps and about 50,000 ¢ps, including any value in between and
fractions thereof.

FO035 T In some embodiments, the resin may be diluted in an amount in
the range of about 5% to about 100% by volume {that is neat undiluted resin}.

in some embodiments, the resin may be about 75% to about 100% by volume.
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in some embodiments, the resin may be about 95% to about 100% by volume,
inciuding any values in between and fractions thereof. It is within the ability of
one skilled in the art with the benefit of this disclosure to determine how much
of the dilution the resin may need to achieve the desired resuits,

80361 In some embodiments, a solvent may be added to the resin to
reduce its viscosity for ease of handling, mixing and transferring. However, in
particular embodiments, it may be desirable not o use such a soivent., It is
within the ability of one skilled in the art with the benefit of this disclosure o
determine if and how much solvent may be needed to achieve a viscosity
suitable to the subterranean conditions of a particuiar application. Factors that
may affect this decision include geographic iocation of the well, the surrocunding
weather conditions, and the desired long-term stability of the well bore servicing
fiuid. Moreover, the dgilution of the resin may be a function of the ability to
provide the thin coating used in the methods of the invention., An exempiary
congition that may affect the ability to coat the well bore may be the direction of
the portion well bore hole being cemented, such as a vertical section, horizontal
section, or deviated section.

FO037 T Generally, any solvent that is compatible with the resin and that
achieves the desired viscosity effect may be suitable., Suitable solvents may
inciude, but are not limited to, polvethviene gilveol, butyl lactate, dipropyiene
agivcol methyl ether, dipropyiene glycol dimethyl ether, dimethyl formamide,
diethvienaglycol methyi ether, ethyienegiycel butyl ether, diethvienegiveol putyl
ether, propviene carponate, dilimoneneg, fatty acid methyl esters, and
combinations thereot. Selection of an appropriate soivent may be dependent on
the resin composition cnhosen. In some embodiments, the sglvent Is chosen for
ease of removal, that is a relatively volatile solvent may be emploved. With the
benefit of this disciosure, the selection of an appropriate solvent shouid be within
the ability of one skilled in the art.

Q038 In some embodiments, the resin may alsgo comprise an aguesus
diiyent, non-agueopus diluent, reactive diluent or carrier fluid to reduce the
viscosity of the resin. The aquepus fluids used may comprise fresh water,

saltwater {e.¢., water containing one or more saits dissolved therein), brine

(e.q., saturated saitwater), seawater, or combinations thereot, and may be from

SNy source, provided that they do not contain components that might adversely

affect the stability and/or performance of the cemented well bore. In spome
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embodiments, the resin may also comprise dispersants and/or defoamers to
further modulate the viscosity.

L0391 In some embodiments, methods of the invention may include
atiowing the cement composition to set without performing a separate resin
nardening step. In some embodiments, methods of the invention may include
partially curing at least a portion of the resin just prior to introducing the cement

composition. Whether uncured or partially cured, the cement composition is

subseguently introgduced into the borehole,

F o040 Without being bound by theory, in either mode of uncured or
partially cured resin, the cement composition may sqgueeze the resin against the
well bore wall and into pores to aid in shear bond strength between the cement
sheath and the well bore wall., In some embodiments, the setting of the cement
sheath produces conditions that aliow for curing or partial curing of the resin
{&.¢., the exothermic nature of the set provides heat which cures the resing. In

other embodiments, curing can be aliowed to proceed after the cement sheath is

set.

FO0041 In some embodiments, methods of the invention may include
operations wherein the formation well bore is substantially vertical., In some
embodiments, methods of the invention may inciude operations wherein the
formation well bore is substantially horizontal., In some embodiments, methods
of the invention may include operations wherein the formation well bore is
deviated. Methods of the invention may be carried cut multipie times to install
casing strings in pieces with intermediate drilling operations being performed
between introduction of a new section of casing.

P O0421  In some embodiments, methods of the invention may include
set cement formation wherein the shear bond of the set cement sheath is in &
range from about 5 psi to about 5,800 psi. In some embodiments, the shear
hond of the set cement sheath is about 5 psi, about 10 psi, about 100 psi, about
200 psi, about 500 psi, about 1,000 psi, about 2,000 psi, about 3,000 psi, about
4,000 psi, and about 5,000 psi, including any value in between and fractions
thereof. In some embodiments, the shear strength of the set cement using a
resin coating synergistically provides a greater shear bond than the resin aione
or the cement alone.

FO0437 In some embodiments, methods of the invention comprise

oumping a first resin through g casing string and into a first annuius between
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the outer wall of the casing string and a wall of a formation well bore at a first
depth, removing substantially all of the first resin to provide a resin-coated
formation well bore wall and coated cuter wall of the casing string, pumping a
first cement composition through the casing string and into the first annulus,
and atlowing the first cement compaosition to set. Performing these steps may
entail the installation of the cement sheath, for exampie, proximal to the surface
of the formation.

L0044 In operation, pumping the first resin through the casing string

involves the use of an excess resin to coat at least a portion of the section being
cemented. Removal of the excess resin may be accomplished, for exampie, by
dispiacement or other means known in the art.

P 0045 In some such embodiments, methods of the present invention
may further comprise drilling beyond the first depth to a second depth, providing
an extension to the casing string, pumping a second resin through the extension
into a second annuius between the outer wall of the extension and the wall of a
formation well bore at the second depth, removing substantially all of the second
resin o provide a resin-coated wall of the formation well bore at the second
depth and a coated outer wall of the extension, pumping a second cement
composition through the extension and into the second annulus, and atlowing
the cement composition to set providing a finished cemented well bore. These
further drilling operations may be performed to set multi section casing strings
throughout the formation to access target proguction zones.

80461 In some embodiments, methods of the invention may employ
resins in ditterent portions of the formation that are the same or dgitfterent. For
example, a first resin of a particular viscosity may be emploved at a first depth
and, depending on the well bore conditions, a second resin at a second depth.
Likewise, in some embodiments, methods of the invention may employ a first
cement composition that is the same or different from the second cement
composition depending on their location in the well bore. In some such
embodiments, the first, second or both cement compositions may comprise a
hydraulic cement.  In other embodiments, the first, second, or both cement
coOmpositions may comprise a non-hvydrauylic cement., In some embodiments,
one section may comprise a hvdrauylic cement, while a ditferent section may
empioy a non-nvdraulic cement. One skilled in the art, with the benefit of this

disciosure will recognize fthe changing needs of the resin and cement
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compositions as different zones within the formation are penetrated. Moreover,
the skilled artisan will appreciate that where cementing of a completed well bore
may be performed in multiple steps involving multiple resin and cement
applications, compatibility from one cemented zone to the next shouid be
considered.

L8047 Methods of the invention emplioyving multiple casing strings and

cementing steps may be used to provide finished cemented well bores that are

substantially vertical, substantially horizontal, or deviated.

F o048 Although methods of the invention are generally described in the
context of primary cementing operations, one skilied in the art will recognize the
ability to apply these concepts to other cementing applications, such as use in
fiuid loss cementing, cement squeeze operations, and the like.

P8048 7 To facilitate a better understanding of the present invention, the
following examples of preferred embodiments are given. In no way should the

following examples be read to imit, or to define, the scope of the invention.

EXAMPLES

FO050: This Example shows the synergistic effect on shear bond
strength provided by resin coating with subsequent cementing.

FO0511 An epoxy resin system containing 401.2 grams of the base resin
digiycidyl ether of bisphenol A, 77.0 grams of the hardener giethyl toluene
diamine, and 15.0 grams of amino and hydroxyl functionalized accelerators were
mixed., Approximately 265 grams of hausmannite and 430 grams of sand were

added to the formulation to achieve the desired density. This epoxy formulation

was added to the annulus of concentric pipe apparatus described in SPE 764

entitied "A Study of Cement Pipe Bonding” by L. G. Carter and G. W. Evans..
The excess resin was removed from the mold resulting in a thin film on the
surfaces of the molid. Upon completion, the cement slurry was added to the
moid and cured at ambient conditions. The cement, resin fiim/cement, and resin
samples were tested and the resuits shown below in Table 1 and in Figure 1.
The resin-coated cement apparatus provided surprisingly high shear bond values
for the set cement., Typically, the shear pond value is roughly 10% of the

compressive strength. As can be seen, the resin-coated cement sample exhibits
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shear strength values substantially higher than resin or cement compositions alone.
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[0052] Therefore, the present invention is well adapted to attain the ends
and advantages mentioned as well as those that are inherent therein. The particular
embodiments disclosed above are lllustrative only, as the present invention may be
modified and practiced in different but equivalent manners apparent to those skilled in
the art having the benefit of the teachings herein, Furthermore, no limitations are
intended to the detalls of construction or design herein shown. It is therefore evident that
the particular illustrative embodiments disclosed above may be altered, combined, or
modified and all such variations are considered within the scope and spirit of the present
invention. The invention illustratively disclosed herein suitably may be practiced in the
absence of any element that is not specifically disclosed herein and/or any optional
element disclosed herein. While compositions and methods are described in terms of
‘comprising,” "containing,” or "Including” various components or steps, the compositions
and methods can also "consist essentially of' or "consist of"' the various components
and steps. All numbers and ranges disclosed above may vary by some amount.
Whenever a numerical range with a lower limit and an upper limit is disclosed, any
number and any included range falling within the range is specifically disclosed, in
particular, every range of values (of the form, "from about a to about b," or, equivalently,
"from approximately a to b," or, equivalently, "from approximately a-b") disclosed herein
Is to be understood to set forth every number and range encompassed within the
broader range of values. Also, the terms in the claims have their plain, ordinary meaning
uniess otherwise explicitly and clearly defined by the patentee. Moreover, the indefinite
articles "a" or "an," as used in the claims, are defined herein to mean one or more than
one of the element that it introduces. If there is any conflict in the usages of a word or
term in this specification and one or more patent or other documents, the definitions that

are consistent with this specification should be adopted.
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CLAIMS:
1. A method comprising the steps of:

coating at least a portion of the walls of a formation well bore with a resin

to form a resin-coated formation portion;

introducing a cement composition into the resin-coated formation portion;

and

allowing the cement composition to set to provide a set cement sheath

neighboring the resin-coated formation portion,

whereln a shear bond strength of the set cement sheath in the presence of the
resin coating Is greater than a shear bond strength of the cement composition or

a shear bond strength of the resin, each individually.

2. The method of claim 1, wherein the step of coating further comprises coating the

outer walls of a casing string.

3. The method of claim 1 or 2, wherein the coating step is performed by:
introducing an excess of the resin between a casing string and the walls of the formation
well bore; and removing the excess resin to provide coated formation well bore walls

and a coated casing string.

4. The method of any one of claims 1 to 3, wherein the resin comprises a

thermoplastic or thermoset material.

5. The method of any one of claims 1 to 4, further comprising the step of minimally

diluting the resin prior to the coating step to provide a target viscosity.

0. The method of claim 5, wherein the target viscosity is in a range from about

1 cps to about 50,000 cps.

7. The method of any one of clams 1 to 6, wherein allowing the cement

composition to set is performed without performing a separate resin hardening step.

18
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8. The method of any one of claims 1 to 7, wherein the cement composition

comprises a hydraulic cement.

9. The method of any one of claims 1 to 8, wherein the cement composition

comprises a non-hydraulic cement.

10. The method of any one of claims 1 to 9, wherein formation well bore is

substantially vertical .

11. The method of any one of claims 1 to 10, wherein the formation well bore is

substantially horizontal .

12. The method of any one of claims 1 to 11, wherein the formation well bore is

deviated .

13. The method of any one of claims 1 to 12, wherein the shear bond of the set

cement sheath Is In a range from about 5 psi to about 5,000 psi.
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