I*I Innovation, Sciences et Innovation, Science and CA 2978541 C 2018/05/08
Développement economique Canada Economic Development Canada

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 978 54 1

(12 BREVET CANADIEN

CANADIAN PATENT

13) C

(86) Date de depot PCT/PCT Filing Date: 2015/04/17

(87) Date publication PCT/PCT Publication Date: 2016/10/20

(45) Date de délivrance/lssue Date: 2018/05/08
(85) Entree phase nationale/National Entry: 201/7/09/01

(86) N° demande PCT/PCT Application No.: US 2015/026299
(87) N° publication PCT/PCT Publication No.: 2016/167/787

51) Cl.Int./Int.Cl. CO9K 6/72(2006.01),
EZ21B 43/22(2006.01)

(72) Inventeurs/Inventors:
GALINDO, KAY ANN, US;
DEVILLE, JAY PAUL, US

(73) Proprietaire/Owner:
HALLIBURTON ENERGY SERVICES, INC., US

(74) Agent: PARLEE MCLAWS LLP

(54) Titre : AGENTS AMELIORANT L'INDICE DE VISCOSITE ET AGENTS DE REGULATION DE FILTRATION A
UTILISER DANS DES OPERATIONS SOUTERRAINES A TEMPERATURE ELEVEE
54) Title: VISCOSIFIERS AND FILTRATION CONTROL AGENTS FOR USE IN HIGH TEMPERATURE

SUBTERRANEAN OPERATIONS

122
120

124

T

(57) Abréegée/Abstract:

N

116

it
—
o0

B

126

F<— ]
NN

NMANANRN

122
114

Treatment fluids comprising viscosifiers and filtration control agents that may be useful at high temperatures and methods for using
the treatment fluids to treat subterranean formations are provided herein. A method of treating a subterranean formation
comprising: providing a treatment fluid comprising: an aqueous base fluid, a tetrapolymer that comprises at least one monomer,
and a graft copolymer that comprises: a backbone comprising a lignite, and at least one monomer; and Iintroducing the treatment

fluid into a wellbore penetrating the subterranean formation.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca

50 Victoria Street e Place du Portage 1l ¢ Gatineau, Quebec

Ll

oo ez (Canada



CA 02978541 2017-09-01

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

woO 2016/167787 A1 | HIIH! A1 HAYAREO0A O RW O 00 A AR

Organization

[nternational Bureau — . o
?:_f/)) (10) International Publication Number
(43) International Publication Date nnﬂ/ WO 2016 /1 67 787 Al
20 October 2016 (20.10.2016) WIPO I PCT

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
CO9K 8/03 (2006.01) E21B 43/22 (2006.01) kind of national protection available). AE, AG, AL, AM,
CO9K 8/035 (2006.01) AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
1Y Tnt tional Aoblication Number- BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(41) internstimal Application Number: DTS00 /026200 DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
17 April 2015 (17.04.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
N . PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(26) Publication Language: English IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: HALLIBURTON ENERGY SERVICES, (84) Designated States (unless otherwise indicated, fO?" every
INC. [US/UST; 3000 N. Sam Houston Parkway E., Hous- kind Of regional protection available): ARIPO (BW, GH,
ton. TX 77032-3219 (US) GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
’ TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Inventors: GALINDO, Kay Ann; 12334 Browning Drive, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Montgomery, TX 77356 (US). DEVILLE, Jay Paul; DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
23703 Blakeley Trails Court, Spring, TX 77386 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(74) Agents: FLANNERY, Elizabeth D. et al.; Baker Botts SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

LLP, 910 Louisiana Street, Houston, TX 77002 (US).

GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(34) Title: VISCOSIFIERS AND FILTRATION CONTROL AGENTS FOR USE IN HIGH TEMPERATURE SUBTERRANEAN
OPERATIONS

124

\

YA,

E

120

130

T R

132 129 .é

Y
e

-
A
oo

AN\

=
Y‘K
X

NN
1

NN

NN

$

FIG. 1 114

(57) Abstract: Treatment tluids comprising viscosifiers and
filtration control agents that may be useful at high temperat-
ures and methods for using the treatment fluids to treat sub-
terranean formations are provided herein. A method of treat-
Ing a subterrancan formation comprising: providing a treat-
ment fluid comprising: an aqueous base fluid, a tetrapolymer
that comprises at least one monomer, and a graft copolymer
that comprises: a backbone comprising a lignite, and at least
one monomer; and introducing the treatment fluid into a well-
bore penetrating the subterrancan formation.
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VISCOSIFIERS AND FILTRATION CONTROL AGENTS FOR USE IN HIGH
TEMPERATURE SUBTERRANEAN OPERATIONS

BACKGROUND

The present disclosure relates to systems and methods for treating subterranean

formations.

Treatment fluids can be used 1n a variety of subterranean treatment operations to
increase and/or improve hydrocarbon (e.g., oil and gas) recovery. As used herein, the terms

2% ¢¢

“treat,” “treatment,” “treating,” and grammatical derivatives thereof refer to any subterranean
operation that uses a fluid in conjunction with achieving a desired function and/or for a desired
purpose. Use of these terms does not imply any particular action by the treatment fluid.
[llustrative treatment operations can include, for example, drilling operations, cementing
operations, fracturing operations, gravel packing operations, acidizing operations, scale
dissolution and removal, consolidation operations, and the like.

Treatment fluids often contain additives to impart desired physical and/or
chemical characteristics to the fluid. Such additives include viscosifiers and fluid loss additives.
Existing viscostifiers and fluid loss additive may degrade in high temperature applications which

may cause the treatment fluid to prematurely lose viscosity and/or to be lost into the subterranean

formation rock matrix.
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BRIEF DESCRIPTION OF THE DRAWINGS

These drawings illustrate certain aspects of some of the embodiments of the
present disclosure, and should not be used to limit or define the claims.

FIG. 1 1s a diagram illustrating an example of a wellbore drilling assembly that
may be used in accordance with certain embodiments of the present disclosure.

While embodiments of this disclosure have been depicted, such embodiments do
not imply a limitation on the disclosure, and no such limitation should be inferred. The subject
matter disclosed is capable of considerable modification, alteration, and equivalents in form and
function, as will occur to those skilled in the pertinent art and having the benefit of this
disclosure. The depicted and described embodiments of this disclosure are examples only, and

not exhaustive of the scope of the disclosure.
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DESCRIPTION OF CERTAIN EMBODIMENTS

[Hlustrative embodiments of the present disclosure are described in detail herein.
In the interest of clarity, not all features of an actual implementation may be described in this
specification. It will of course be appreciated that in the development of any such actual
embodiment, numerous implementation specific decisions may be made to achieve the specific
implementation goals, which may vary from one implementation to another. Moreover, it will
be appreciated that such a development effort might be complex and time-consuming, but would

nevertheless be a routine undertaking for those of ordinary skill in the art having the benefit of

the present disclosure.

The present disclosure relates to compositions and methods for treating
subterranean formations. More particularly, the present disclosure relates to treatment fluids
comprising viscosifiers and filtration control agents that may be useful at high temperatures, and
methods for using the treatment fluids to treat subterranean formations.

The present disclosure provides compositions for treating a subterranean
formation comprising an aqueous base fluid, a tetrapolymer, and a graft copolymer comprising a
lignite backbone. In the method of the present disclosure, the compositions disclosed herein may
be introduced into a subterranean formation, for example, via a wellbore penetrating at least a
portion of the subterranean formation.

Treatment fluids typically contain additives to mmpart desired physical and/or
chemical characteristics to the fluid. Viscosifiers control and change the viscosity of treatment
fluids. Without viscosity control, the viscosity of the treatment fluid could undesirably change
as a result of temperature variation during the treatment fluid’s transit from the well surface to
the bottom of the wellbore and back. Maintaining sufficient viscosity in treatment fluids is
important for a number of reasons, including, but not limited to, particulate transport, wellbore
stability, control and/or reduction of fluid loss into the subterranean formation, and/or diversion
of the flow of fluids present within the subterranean formation to other portions of the formation.

Although viscosifiers may partially control and/or reduce fluid loss into the
subterranean formation, a greater reduction of fluid loss is often desired. Thus, filtration control
agents may be included in treatment fluids to achieve an increased reduction of water loss to the
formation thereby maintaining the fluidity of a treatment fluid. During drlling operations 1n
particular, the filtration control agent also retains sufficient water in the drilling fluid for
effective lubrication and cooling of the drill bit during drilling operations. Filtration control

agents may also increase the viscosity of the treatment fluid. Thus, 1t may be desirable to select
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a filtration control agent that is capable of achieving the desired fluid loss reduction and that is

compatible with the viscosifier so as not to substantially or excessively increase the viscosity of

the treatment fluid.

Many existing viscosifiers and filtration control agents are thermally stable up to
about 250°F. However, higher temperatures are encountered as wellbores are drilled to deeper
depths thus making it desirable for treatment fluids to be thermally stable at temperatures greater

than 250°F.

Among the many potential advantages to the methods and compositions of the
present disclosure, only some of which are alluded to herein, the methods and compositions of
the present disclosure may reduce the fluid loss of high performance treatment fluids, especially
in subterranean formations having bottom hole temperatures of greater than 250°F and/or up to
about 400°F, by providing high temperature filtration control agents that are compatible with the
high temperature viscosifiers of the present disclosure. The filtration control agents of the
present disclosure also may provide readily pumpable treatment fluids by not significantly or
excessively increasing the viscosity of the treatment fluids. Without limiting the disclosure to
any particular theory or mechanism, it is believed that the viscosifiers and the filtration control
agents of the present disclosure are substantially compatible such that when a filtration control
agent 1s added to a treatment fluid comprising a viscosifier of the present disclosure, a reduction
in fluid loss may be achieved without a significant or excessive increase in the viscosity of

treatment fluid.

In certain embodiments, a treatment fluid comprising an aqueous base fluid, a
viscosifier that comprises a tetrapolymer, and a filtration control agent that comprises a graft
copolymer comprising a hignite backbone may be provided. Depending on the type of treatment

to be performed, the treatment fluid may comprise any treatment fluid known in the art.

Treatment fluids that may be useful in accordance with the present disclosure include, but are not
limited to, drilling fluids, cement fluids, lost circulation fluids, stimulation fluids (e.g., a
fracturing fluids or an acid stimulation fluids), completion fluids, conformance fluids (e.g., water
or gas shutoff fluids), sand control fluids (e.g., formation or proppant consolidating fluids),

workover fluids, and/or any combination thereof.

The treatment fluids used 1n accordance with the methods and compositions of the
present disclosure may comprise an aqueous base fluid. As used herein, the term “base fluid”
refers to the major component of the fluid (as opposed to components dissolved and/or

suspended therein), and does not indicate any particular condition or property of that fluids such
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as its mass, amount, pH, etc. Aqueous base fluids that may be suitable for use in the methods
and systems of the present disclosure may comprise water from any source. Such aqueous base
fluids may comprise fresh water, salt water (e.g., water containing one or more salts dissolved
therein), brine (e.g., saturated salt water), seawater, and/or any combination thereof. In most
embodiments of the present disclosure, the aqueous base fluids comprise one or more ionic
species, such as those formed by salts dissolved in water. For example, seawater and/or
produced water may comprise a variety of divalent cationic species dissolved therein.

In certain embodiments, the density of the aqueous base fluid can be adjusted,
among other purposes, to provide additional particulate transport and suspension in the
compositions of the present disclosure. In certain embodiments, the pH of the aqueous base fluid
may be adjusted (e.g., by a buffer or other pH adjusting agent) to a specific level, which may
depend on, among other factors, the types of viscosifiers, acids, and other additives included in
the fluid. In certain embodiments, the pH of the treatment fluids of the present disclosure may
be adjusted to allow for the solubility of the viscosifiers disclosed herein. One of ordinary skill
in the art, with the benefit of this disclosure, will recognize when such density and/or pH
adjustments are appropriate. In certain embodiments, the treatment fluids may comprise a
mixture of one or more fluids and/or gases, including but not limited to emulsions, foams, and
the like.

The treatment fluids used in accordance with the methods and compositions of
the present disclosure may comprise a viscosifier comprising a tetrapolymer (i.e., a copolymer
comprising four different monomers). In certain embodiments, the tetrapolymer may comprise
at least one monomer selected from the group consisting of acrylate, 2-acrylamido-2-
methylpropane sulfonic acid (e.g., AMPS®), methacrylic acid, and allyloxy 2-hydroxy propane
sulfonic acid, any salt thereof, and/or any combination thereof. In certain embodiments, the
tetrapolymer may further comprise one or more other suitable monomers as will occur to one of
ordinary skill in the art with the bencfit of this disclosure.

The tetrapolymer may comprise the monomers in any configuration and the
monomers may be repeated with any frequency or pattern, or in a random nature. One of
ordinary skill in the art, with the benefit of this disclosure, will recognize that, in certain
embodiments, the tetrapolymers suitable for use in accordance with the methods and
compositions of the present disclosure may be in an acid form and/or in a salt form. An example
of a tetrapolymer may comprise a first monomer comprising acrylate, a second monomer

comprising 2-acrylamido-2-methylpropane sulfonic acid, a third monomer comprising
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methacrylic acid, and a four monomer comprising allyloxy 2-hydroxy propane sulfonic acid.

Each of the monomers may be present in an example tetrapolymer in a variety of different mole

rat10s.

In certain embodiments, the tetrapolymer may be crosslinked if desired. As used
herein, the term “crosslink” and grammatical derivatives thereof refers to a bond linking one
monomer or polymer chain to another polymer chain. The bond may be any bond, for example,
covalent bond, 1onic bond, and the like. One of ordinary skill in the art, with the benefit of this
disclosure, will recognize crosslinkers that are suitable for use in accordance with the methods
and compositions of the present disclosure. As used herein, the term “crosslinker” refers to a
compound, element, or ton used to crosslink that comprises two or more olefinic bonds.
Examples of crosslinkers that are suitable for use with the tetrapolymers of the present disclosure
include, but are not limited to, pentaerythritol allyl ether and methylenebisacrylamide. In certain
embodiments, the tetrapolymer may be a high temperature viscosifier that may be capable

maintaining a desired viscosity at bottom hole temperatures of up to about 400°F.

The tetrapolymer used in accordance with the methods and composition of the
present disclosure should be present in the treatment fluid in an amount sufficient to provide a
desired viscosity. In certain embodiments, the tetrapolymer may be present in the treatment fluid
in an amount from about 0.01% to about 10% by weight of the treatment fluid. In certain
embodiments, the tetrapolymer may be present in the treatment fluid in an amount from about
0.1% to about 2% by weight of the treatment fluid. In some embodiments, the tetrapolymer may
be present in the treatment fluid in an amount from about 0.1% to about 0.5%, in other
embodiments, from about 0.5% to about 1%, 1in other embodiments, from about 1% to about
1.5%, and in other embodiments, from about 1.5% to about 2% by'weight of the treatment fluid.

The treatment fluids used in accordance with the methods and composition of the
present disclosure also comprise a filtration control agent that comprises a graft copolymer. In
certain embodiments, the graft copolymer may comprise a backbone comprising a lignite. In
certain embodiments, the graft copolymer further may comprise grafted monomers selected from
the group consisting of acrylic sulfonic acid, a methylallyl sulfonic acid, an allyl sulfonic acid, a

styrene sulfonic acid, a vinyl sulfonic acid, a vinyl aromatic sulfonic acid, 2-acrylamido-2-
methylpropane sulfonic acid, acrylamide, N-substituted acrylamides, methacrylamide, N-
substituted methacrylamides, acrylates, methacrylates, acrylic acid, methacrylic acid,
acrylonitrile, N-allylamides, vinyl alcohol, vinyl ethers, vinyl esters, allyl alcohol, allyl ethers,

allyl esters, vinylpyridine, vinylimidazole, allylimidazole, vinylphosphonic acid (VPA),
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vinylpyrollidone, diallyldimethylammonium chloride (DADMAC), any salts thereof, and/or any
combinations thereof. In certain embodiments, the graft copolymer may further comprise one or
more other suitable monomers as will occur to one of ordinary skill in the art with the benefit of
this disclosure. The graft copolymer may comprise at least two monomers in any configuration
and the monomers may be repeated with any frequency. In certain embodiments, the grafted
monomers may be present in the graft copolymer in one or more pendant groups attached to the
backbone in a random nature. In such embodiments, each pendant group may comprise one or
more grafted monomers in a random nature.

One of ordinary skill in the art, with the benefit of this disclosure, will recognize
the graft copolymers suitable for use in accordance with the methods and compositions of the
present disclosure may be in an acid form and/or in a salt form. As will be appreciated, a variety
of salts of the graft copolymers may be prepared, for example, by neutralizing the acid form of
acrylic sulfonic acid, a methylallyl sulfonic acid, an allyl sulfonic acid, a styrene sulfonic acid, a-
vinyl sulfonic acid, a vinyl aromatic sulfonic acid, 2-acrylamido-2-methylpropane sulfonic acid,
acrylic acid, methacrylic acid, and/or VPA with an alkaline agent. By way of example, suitable
alkaline agents may include sodium hydroxide, potassium hydroxide, ammonium hydroxide or
the like. This neutralization may occur, for example, either prior to or after the polymerization
of the graft copolymer. By way of example, a salt of 2-acrylamido-2-methylpropane sulfonic
acid (such as the sodium salt of 2-acrylamido-2-methylpropane sulfonic acid) may be used 1n the
polymerization of the graft copolymer.

The backbone of the graft copolymer may comprise lignite. As used herein, the
term “lignite” includes one or more of a variety of low rank coals including, but not limited to,
oxidized lignite (e.g., leonardite), mined lignite, modified lignite (e.g., lignosulfonate) brown

coal, and/or slack. One of ordinary skill in the art, with the benefit of this disclosure, will

recognize that the lignite may be treated with a caustic (e.g., potassium hydroxide, sodium
hydroxide, or ammonium hydroxide) to solubilize the lignite in water. For example, treatment of
lignite with a caustic solution generally may dissolve or disperse a portion of the lignite into the
solution, and solution then may be concentrated to increase the lignite solution or may be used
directly in the polymerization to create the graft copolymer. In certain embodiments, the
backbone further may comprise polyvinyl alcohol, polyethylene oxide, polypropylene oxide,
polyethyleneimine, and/or any combinations thereof.

The graft copolymer used in accordance with the methods and compositions of

the present disclosure may comprise a suffictent amount of the backbone to provide a desirable
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level of fluid loss control. In certain embodiments, the backbone may be present in the graft
copolymer in an amount from about 5% to about 95% by weight of the graft copolymer on a dry
basis. In certain embodiments, the backbone may be present in the graft copolymer in an amount
from about 10% to about 50% by weight of the graft copolymer on a dry basis. In certain
embodiments, the backbone may be present in the graft copolymer in an amount from about 10%
to about 30% by weight of the graft copolymer on a dry basis.

The graft copolymer used in accordance with the methods and compositions of
the present disclosure may comprise a sufficient amount of the grafied monomers to provide a
desirable level of fluid loss control. In certain embodiments, the grafted monomers may be
present in the graft copolymer in an amount from about 5% to about 95% by weight of the graft
copolymer on a dry basis. In certain embodiments, the grafted monomers may be present in the
graft copolymer in an amount from about 40% to about 90% by weight of the graft copolymer on
a dry basis. In certain embodiments, the grafted monomers may be present in the graft
copolymer in an amount from about 70% to about 90% by weight ot the graft copolymer on a
dry basis. One of ordinary skill in the art, with the benefit of this disclosure, will recognize that
the amount of each of the grafted monomers present in the graft copolymer is dependent upon a
number of factors, including cost, the temperature of use, the desired molecular weight of the
graft copolymer, dispersive properties and desired amount of fluid loss control, to name a few
examples.

An example of a filtration control agent may comprise a graft copolymer that
comprises a lignite backbone grafted with a first monomer comprising 2-acrylamido-2-
methylpropane sulfonic acid and a second monomer comprising acrylonitrile. Each of these
grafted monomers may be present in an example graft copolymer in a variety of different mole
ratios. For example, the graft copolymer may have a first grafted monomer-to-second grafted
monomer mole ratio in the range of from about 1:1 to about 10:1.

The filtration control agents of the present disclosure should be compatible with
the treatment fluids and viscosifiers of the present disclosure such that the filtration control
agents do not significantly or excessively increase the viscosity of the treatment fluid. In certain
embodiments, the filtration control agent may be a high temperature fiitration control agent that
may be capable of achieving a desired fluid loss control at bottom hole temperatures of up to

about 400°F. One example of a commercially available filtration control additive is Halad®—413,

available from Halliburton Energy Services, Inc., Houston, Texas.
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The filtration control agent used in accordance with the methods and composition
of the present disclosure should be present in the treatment fluid in an amount sufficient to
provide a desired level of fluid loss control. In certain embodiments, the filtration control agent
may be present in the treatment fluid in an amount from about 0.01% to about 10% by weight of
the treatment fluid. In certain embodiments, the filtration control agent may be present in the
treatment fluid in an amount from about 0.5% to about 3% by weight of the treatment fluid. In
some embodiments, the filtration control agent may be present in the treatment fluid 1in an
amount from about 0.5% to about 1%, in other embodiments, from about 1% to about 1.5%, in
other embodiments, from about 1.5% to about 2%, in other embodiments, from about 2% to
about 2.5%, and in other embodiments, from about 2.5% to about 3% by weight of the treatment
fluid.

In certain embodiments, the treatment fluids used in accordance with the methods
and compositions of the present disclosure optionally may comprise any number of additional
additives. Examples of such additional additives include, but are not limited to, salts,
surfactants, acids, proppant particulates, diverting agents, additional fluid loss control additives,
gas, nitrogen, carbon dioxide, surface modifying agents, tackifying agents, foamers, corrosion
inhibitors, scale inhibitors, catalysts, clay control agents, shale inhibitors, biocides, friction
reducers, antifoam agents, bridging agents, flocculants,H,S scavengers, CO; scavengers, oxygen
scavengers, lost circulation materials, lubricants, additional viscosifiers, breakers, weighting
agents, relative permeability modifiers, resins, wetting agents, coating enhancement agents, filter
cake removal agents, antifreeze agents (e.g., ethylene glycol), and the like. In certain
embodiments, one or more of these optional additives (e.g., a shale inhibitor) may be added to
the treatment fluid and/or activated after the viscosifier has been at least partially hydrated in the
fluid. A person skilled in the art, with the benefit of this disclosure, will recognize the types of
additives that may be included in the fluids of the present disclosure for a particular application.

In certain embodiments, the treatment fluids of the present disclosure may exhibit
a plastic viscosity of from about 10 cP to about 100 cP. In some embodiments, the treatment
fluids of the present disclosure may exhibit a plastic viscosity of from about 20 cP to about 50
cP. In certain embodiments, the treatment fluids of the present disclosure may exhibit a yield
point of from about 10 1b/100 ft* to about 60 1b/100 ft>. In some embodiments, the treatment
fluids of the present disclosure may exhibit a yield point of from about 20 1b/100 ft* to about 50

1b/100 £
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The treatment fluids of the present disclosure may be prepared using any suitable
method and/or equipment (e.g., blenders, mixers, stirrers, eic.) known in the art at any time prior

to their use. The treatment fluids may be prepared at a well site or at an offsite location.

The present disclosure in some embodiments provides methods for using the

treatment fluids to carry out a variety of subterranean treatments or operations, including but not

limited to, drilling operations, cementing operations, fracturing operations, gravel packing
operations, workover operations, and the like. In some embodiments, the treatment fluids of the
present disclosure may be drilling fluids used for drilling a wellbore into a subterranean
formation. In certain embodiments, the drilling fluids may comprise a low concentration of
solids, for example, the drilling fluids may be substantially free of added clays or other types of
solids which may plug formation zones. As used herein, the term “added clay” refers to a clay
added to a drilling fluid prior to the introduction of the drilling fluid into a subterranean
formation.

In certain embodiments, a treatment fluid may be introduced into a subterranean
formation. In certain embodiments, the subterranean formation may have a bottom hole
temperature of from about 150°F to about 400°F. In certain embodiments, the subterranean
formation may have a bottom hole temperature of at least 350°F. In some embodiments, the
treatment fluid may be used to drill at least a portion of a wellbore in the subterranean formation.
In some embodiments, the treatment fluid may circulate through the wellbore while drilling into
the subterranean formation. In some embodiments, the treatment fluid may be introduced into a

wellbore that penetrates a subterranean formation. In certain embodiments, the treatment fluid

may be introduced into the wellbore using one or more pumps.

In certain embodiments of the present disclosure, the treatment fluids of the
present disclosure may be introduced into a subterranean formation, a wellbore penetrating a
subterranean formation, tubing (e.g., pipeline), and/or a container using any method or
equipment known in the art. Introduction of the treatment fluids of the present disclosure may in
such embodiments include delivery via any of a tube, umbilical, pump, gravity, and
combinations thereof. The treatment fluids of the present disclosure may, in various
embodiments, b¢ delivered downhole (e.g., into the wellbore) or into top-side flowlines /
pipelines or surface treating equipment. For example, in certain embodiments, the treatment
fluids of the present disclosure may be applied to a subterranean formation and/or wellbore using

batch treatments, squeeze treatments, continuous treatments, and/or combinations thereof.

10
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The treatment fluids of the present disclosure may directly or indirectly affect one
or more components or pieces of equipment associated with the preparation, delivery, recapture,
recycling, reuse, and/or disposal of the disclosed treatment fluids. For example, and with
reference to FIG. 1, the disclosed treatment fluids may directly or indirectly affect one or more
components or pieces of equipment associated with an exemplary wellbore drilling assembly
100, according to one or more embodiments. It should be noted that while FIG. 1 generally
depicts a land-based drilling assembly, those skilled in the art will readily recognize that the
principles described hercin are equally applicable to subsea drilling operations that employ
floating or sea-based platforms and rigs, without departing from the scope of the disclosure.

As illustrated, the drilling assembly 100 may include a drilling platform 102 that
supports a derrick 104 having a traveling block 106 for raising and lowering a dnll string 108.
The drill string 108 may include, but is not limited to, drill pipe and coiled tubing, as generally
known to those skilled in the art. A kelly 110 supports the drill string 108 as it 1s lowered
through a rotary table 112. A drill bit 114 is attached to the distal end of the drill string 108 and
is driven either by a downhole motor and/or via rotation of the drill string 108 from the well
surface. As the bit 114 rotates, it creates a borehole 116 that penetrates various subterranean
formations 118.

A pump 120 (e.g., a mud pump) circulates drilling fluid 122 through a teed pipe
124 and to the kelly 110, which conveys the drilling fluid 122 downhole through the interior of
the drill string 108 and through one or more orifices in the drill bit 114. The drilling fluid 122 1s
then circulated back to the surface via an annulus 126 defined between the drill string 108 and
the walls of the borehole 116. At the surface, the recirculated or spent drilling fluid 122 exits the
annulus 126 and may be conveyed to one or more fluid processing unit(s) 128 via an
interconnecting flow line 130. After passing through the fluid processing unit(s) 128, a
“cleaned” drilling fluid 122 is deposited into a nearby retention pit 132 (i.e., a mud pit). While
illustrated as being arranged at the outlet of the wellbore 116 via the annulus 126, those skilled 1n
the art will readily appreciate that the fluid processing unit(s) 128 may be arranged at any other
Jocation in the drilling assembly 100 to facilitate its proper function, without departing from the
scope of the scope of the disclosure.

One or more of the disclosed treatment fluids may be added to the drilling fluid
122 via a mixing hopper 134 communicably coupled to or otherwise in fluild communication
with the retention pit 132. The mixing hopper 134 may include, but is not limited to, mixers and

related mixing equipment known to those skilled in the art. In other embodiments, however, the
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disclosed treatment fluids may be added to the drilling fluid 122 at any other location in the

drilling assembly 100. In at least one embodiment, for example, there could be more than one
retention pit 132, such as multiple retention pits 132 in series. Moreover, the retention pit 132
may be representative of one or more fluid storage facilities and/or units where the disclosed
treatment fluids may be stored, reconditioned, and/or regulated until added to the drilling fluid
122.

As mentioned above, the disclosed treatment fluids may directly or indirectly
affect the components and equipment of the drilling assembly 100. For example, the disclosed
treatment fluids may directly or indirectly aftect the fluid processing unit(s) 128 which may
include, but is not limited to, one or more of a shaker (e.g., shale shaker), a centrifuge, a
hydrocyclone, a separator (including magnetic and electrical separators), a desilter, a desandér, a
separator, a filter (e.g., diatomaceous earth filters), a heat exchanger, any fluid reclamation
equipment, The fluid processing unit(s) 128 may further include one or more sensors, gauges,

pumps, compressors, and the like used store, monitor, regulate, and/or recondition the exemplary

treatment fluids.

The disclosed treatment fluids may directly or indirectly affect the pump 120,
which representatively includes any conduits, pipelines, trucks, tubulars, and/or pipes uséd to
fluidically convey the treatment fluids downhole, any pumps, compressors, or motors (e.g.,
topside or downhole) used to drive the treatment fluids into motion, any valves or related joints
used to regulate the pressure or flow rate of the treatment fluids, and any sensors (i.e., pressure,
temperature, flow rate, etc.), gauges, and/or combinations thereof, and the like. The disclosed

treatment fluids may also directly or indirectly affect the mixing hopper 134 and the retention pit

132 and their assorted variations.

The disclosed treatment fluids may also directly or indirectly affect the various
downhole equipment and tools that may come into contact with the treatment fluids such as, but
not limited to, the drill string 108, any floats, drill collars, mud motors, downhole motors and/or
pumps associated with the drill string 108, and any MWD/LWD tools and related telemetry
equipment, sensors or distributed sensors assoclated with the drill string 108. The disclosed
treatment fluids may also directly or indirectly atfect any downhole heat exchangers, valves and
corresponding actuation devices, tool seals, packers and other wellbore isolation devices or
components, and the like associated with the wellbore 116. The disclosed treatment fluids may

also directly or indirectly affect the drill bit 114, which may include, but is not limited to, roller

cone bits, PDC bits, natural diamond bits, any hole openers, reamers, coring bits, etc.
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While not specifically illustrated herein, the disclosed treatment fluids may also
directly or indirectly affect any transport or delivery equipment used to convey the treatment
fluids to the drilling assembly 100 such as, for example, any conduits, pipelines, trucks, tubulars,
and/or pipes used to fluidically move the treatment fluids from one location to another, any
pumps, compressors, or motors used to drive the treatment fluids into motion, any valves or
related joints used to regulate the pressure or flow rate of the treatment fluids, and any sensors
(i.e., pressure and temperature), gauges, and/or combinations thereof, and the like.

An embodiment of the present disclosure is a method comprising: A method of
treating a subterranean formation comprising: providing a treatment fluid comprsing: an
aqueous base fluid; a tetrapolymer that comprises at least one monomer selected from the group
consisting of: acrylate, 2-acrylamido-2-methylpropane sulfonic acid, methacrylic acid, and
allyloxy 2-hydroxy propane sulfonic acid, any salt thereof, and any combination thereof; and a
graft copolymer that comprises: a backbone comprising a lignite; and at least one monomer
selected from the group consisting of: acrylic sulfonic acid, a methylallyl sulfonic acid, an allyl
sulfonic acid, a styrene sulfonic acid, a vinyl sulfonic acid, a vinyl aromatic sulfonic acid, 2-
acrylamido-2-methylpropane sulfonic acid, acrylamide, a N-substituted acrylamide,
methacrylamide, a N-substituted methacrylamide, an acrylate, a methacrylate, acrylic acid,
methacrylic acid, acrylonitrile, a N-allylamide, a vinyl alcohol, a vinyl ether, a vinyl ester, an
allyl alcohol, an allyl ether, an allyl ester, vinylpyridine, vinylimidazole, allylimidazole,
vinylphosphonic acid, vinylpyrollidone, diallyldimethylammonium chloride, any salt thereof,
and any combination thereof; and introducing the treatment fluid into a wellbore penetrating the

subterranean formation.

Another embodiment of the present disclosure is a method comprising: providing
a drilling fluid comprising: an aqueous base fluid; a tetrapolymer that comprises at least one
monomer selected from the group consisting of: acrylate, 2-acrylamido-2-methylpropane
sulfonic acid, methacrylic acid, and allyloxy 2-hydroxy propane sulfonic acid, any salt thereof,
and any combination thereof; and a graft copolymer that comprises: a backbone comprising
lignite; and at least one monomer selected from the group consisting of: acrylic sulfonic acid, a
methylallyl sulfonic acid, an allyl sulfonic acid, a styrene sulfonic acid, a vinyl sulfonic acid, a
vinyl aromatic sulfonic acid, 2-acrylamido-2-methylpropane sulfonic acid, acrylamide, a N-
substituted acrylamide, methacrylamide, a N-substituted methacrylamide, an acrylate, a

methacrylate, acrylic acid, methacrylic acid, acrylonitrile, a N-allylamide, a vinyl alcohol, a

vinyl ether, a vinyl ester, an allyl alcohol, an allyl ether, an allyl ester, vinylpynidine,
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vinylimidazole, allylimidazole, vinylphosphonic acid, vinylpyrollidone,
diallyldimethylammonium chloride, any salt thereof, and any combination thereof; and using

the drilling fluid to drill at least a portion of a wellbore 1n the subterranean formation.

Another embodiment of the present disclosure 1s a composition comprising: an
aqueous base fluid; a tetrapolymer that comprises at least one monomer selected from the group
consisting of: acrylate, 2-acrylamido-2-methylpropane sulfonic acid, methacrylic acid, and
allyloxy 2-hydroxy propane sulfonic acid, any salt thereof, and any combination thereof; and a
graft copolymer that comprises: a backbone comprising lignite; and at least one monomer
selected from the group consisting of: acrylic sulfonic acid, a methylallyl sulfonic acid, an allyl
sulfonic acid, a styrene sulfonic acid, a vinyl sulfonic acid, a vinyl aromatic sulfonic acid, 2-
acrylamido-2-methylpropane sulfonic acid, acrylamide, a N-substituted acrylamide,
methacrylamide, a N-substituted methacrylamide, an acrylate, a methacrylate, acrylic acid,
methacrylic acid, acrylonitrile, a N-allylamide, a vinyl alcohol, a vinyl ether, a vinyl ester, an
allyl alcohol, an allyl ether, an allyl ester, vinylpyridine, vinylimidazole, allylimidazole,
vinylphosphonic acid, vinylpyrollidone, diallyldimethylammonium chloride, any salt thereof,
and any combination thereof.

To facilitate a better understanding of the present disclosure, the following
examples of certain aspects of preferred embodiments are given. The following examples are not

the only examples that could be given according to the present disclosure and are not intended to

limit the scope of the disclosure or claims.
EXAMPLES

EXAMPLE 1
Two treatment fluids comprising a tetrapolymer of the present disclosure were
prepared as shown in Table 1 with Formulation B further comprising a graft copolymer of the
present disclosure (Halad®—413). The shear stress and shear rate data for the two treatment

fluids were measured upon mixing and again after static aging at 400°F for 16 hours using a

Model 35A FANN® Viscometer. The rheological characteristics of each treatment fluid,
including the yield point and plastic viscosity, were determined in accordance with the procedure

set forth by the American Petroleum Institute (API) in API RP 13B-1, Recommended Practice for
Field Testing of Water-Based Drilling Fluids. The fluid loss of each treatment fluid was
determined using the high temperature, high pressure filtration test at 350°F according to API RP

13B-1.

As indicated by the performance of Formulation A in Table 1, the tetrapolymers

of the present disclosure are effective high temperature viscosifiers, but a filtration control agent
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such as a graft copolymer of the present disclose facilitates reducing the fluid loss. As indicated
by the pertormance of Formula B in Table 1, the filtration control agents of the present disclose
are compatible with the viscosifiers of the present disclosure and are effective high temperature
filtration control agents. Thus, Example 1 demonstrates that the filtration control agents and the
viscosifiers of the present disclosure are compatible such that the filtration control agents of the
present disclosure may reduce fluid loss without significantly increasing the viscosity of the

treatment fluid comprising the viscosifiers of the present disclosure.

Table 1

14.0 ppg Formulation A B

Tap water, bbl 0.79 0.79
Sodium bicarbonate, 1b/bbl 1.7 1.7

Soda ash, Ib/bbl | 106 10.6
Tetrapolyinér, [b/bbl 2.1
Graft COpWI 3),Ib/bbl | —
THERMA-THIN®, 1b/bbl 3.0
Barite, 1b/bbl

Static éging conditions, 16 h at °F 400

600 rpm 7 04
56
48
40
20

51

300 rpm - o

200 rpm 33 45 47

100 rpm 30 30 I

6 rpm N 11 7
Plastic viscosity, cP 33
Yield point, 1b/100 ft 25 37 24 28

|

Fluid loss, mL, 350°F —_— 57.0 1 26.0

T

Therefore, the present disclosure is well adapted to attain the ends and advantages
mentioned as well as those that are inherent therein. The particular embodiments disclosed
above are 1llustrative only, as the present disclosure may be modified and practiced in different
but equivalent manners apparent to those skilled in the art having the benefit of the teachings
herein. While numerous changes may be made by those skilled in the art, such changes are

encompassed within the spirit of the subject matter defined by the appended claims.
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Furthermore, no limitations are intended to the details of construction or design herein shown,
other than as described in the claims below. It is therefore evident that the particular illustrative
embodiments disclosed above may be altered or modified and all such variations are considered
within the scope and spirit of the present disclosure. In particular, every range of values (e.g.,
“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 as referring to the power set (the set of
all subsets) of the respective range of values. 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 is:

1.

A method of treating a subterranean formation comprising:
providing a treatment fluid comprising:

an aqueous base fluid;

a tetrapolymer that comprises at least one monomer selected from the
group consisting of: acrylate, 2-acrylamido-2-methylpropane sulfonic acid, methacrylic
acid, and allyloxy 2-hydroxy propane sulfonic acid, any salt thereof, and any combination
thereot: and

a graft copolymer that comprises:

a backbone comprising a lignite, and

at least one monomer selected from the group consisting of: acrylic
sulfonic acid, a methylallyl sulfonic acid, an allyl sulfonic acid, a styrene sulfonic acid, a
vinyl sulfonic acid, a vinyl aromatic sulfonic acid, 2-acrylamido-2-methylpropane
sulfonic acid, acrylamide, a N-substituted acrylamide, methacrylamide, a N-substituted
methacrylamide, an acrylate, a methacrylate, acrylic acid, methacrylic acid, acrylonitrile,
a N-allylamide, a vinyl alcohol, a vinyl ether, a vinyl ester, an allyl alcohol, an allyl ether,
an allyl ester, vinylpyridine, vinylimidazole, allylimidazole, vinylphosphonic acid,
vinylpyrollidone, diallyldimethylammonium chloride, any salt thereof, and any
combination thereof: and

infroducing the treatment fluid into a wellbore penetrating the subterranean

formation.

The method of claim 1 further comprising circulating the treatment fluid through the

wellbore while drilling into the subterranean formation.
The method of claim 1 wherein the treatment fluid is substantially free of added clay.

The method of claim 1 wherein the aqueous base fluid is selected from the group

consisting of: fresh water, salt water, brine, seawater and any combination thereof.
T'he method of claim 1 wherein the tetrapolymer comprises a crosslinked tetrapolymer.

The method of claim 1 wherein the graft copolymer comprises a 2-acrylamido-2-

methylpropane sulfonic acid monomer and an acrylonitrile monomer.

The method of claim 1 wherein the tetrapolymer is present in the treatment fluid in an

amount from about 0.01% to about 10% by weight of the treatment fluid.
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The method of claim 1 wherein the graft copolymer 1s present in the treatment fluid in an

amount from about 0.01% to about 10% by weight of the treatment fluid.

The method of claim 1 wherein the subterranean formation has a bottom hole temperature

of at least 350°F.

The method of claim 1 wherein the treatment fluid is introduced into the wellbore using

one or more pumps.

A method of drilling a wellbore in a subterranean formation comprising:
providing a drilling fluid comprising:

an aqueous base fluid;

a tetrapolymer that comprises at least one monomer selected from the
group consisting of: acrylate, 2-acrylamido-2-methylpropane sulfonic acid, methacrylic
acid, and aliyloxy 2-hydroxy propane sulfonic acid, any salt thereof, and any combination
thereof; and

a graft copolymer that comprises:

a backbone comprising lignite, and

at least one monomer selected from the group consisting of: acrylic
sultonic acid, a methylallyl sulfonic acid, an allyl sulfonic acid, a styrene sulfonic acid, a
vinyl sulfonic acid, a vinyl aromatic sulfonic acid, 2-acrylamido-2-methylpropane
sulfonic acid, acrylamide, a N-substituted acrylamide, methacrylamide, a N-substituted
methacrylamide, an acrylate, a methacrylate, acrylic acid, methacrylic acid, acrylonitrile,
a N-allylamide, a vinyl alcohol, a vinyl ether, a vinyl ester, an allyl alcohol, an allyl ether,
an allyl ester, vinylpyridine, vinylimidazole, allylimidazole, vinylphosphonic acid,
vinylpyrollidone, diallyldimethylammoniurn chloride, any salt thereof, and any
combination thereof: and

using the drilling fluid to drill at least a portion of a wellbore in the subterranean

formation.

The method of claim 11 wherein the treatment fluid is substantially free of added clay.
The method of claim 111 wherein the tetrapolymer comprises a crosslinked tetrapolymer

T'he method of claim 11 wherein the graft copolymer comprises 2-acrylamido-2-

methylpropanesulfonic acid and acrylonitrile monomers.
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A treatment fluid comprising:

an aqueous base fluid;

a tetrapolymer that comprises at least one monomer selected from the group
consisting of: acrylate, 2-acrylamido-2-methylpropane sulfonic acid, methacrylic acid,
and allyloxy 2-hydroxy propane sulfonic acid, any salt thereof, and any combination
thereof; and

a graft copolymer that comprises:

a backbone comprising lignite, and

at least one monomer selected frofn the group consisting of: acrylic
sulfonic acid, a methylallyl sulfonic acid, an allyl sulfonic acid, a styrene sulfonic acid, a
vinyl sulfonic acid, a vinyl aromatic sulfonic acid, 2-acrylamido-2-methylpropane
sulfonic acid, acrylamide, a N-substituted acrylamide, methacrylamide, a N-substituted
methacrylamide, an acrylate, a methacrylate, acrylic acid, methacrylic acid, acrylonitrile,
a N-allylamide, a vinyl alcohol, a vinyl ether, a vinyl ester, an allyl alcohol, an allyl ether,
an allyl ester, vinylpyridine, vinylimidazole, allylimidazole, vinylphosphonic acid,
vinylpyrollidone, diallyldimethylammonium chloride, any salt thereof, and any

combination thereof.

The treatment fluid of claim 15 wherein the treatment fluid is substantially free of added

clay.

The treatment fluid of claim 15 wherein the aqueous base is selected from the group

consisting of: fresh water, salt water, brine, seawater and any combination thereof.

The treatment fluid of claim 15 wherein the graft copolymer comprises a 2-acrylamido-2-

methylpropane sulfonic acid monomer and an acrylonitrile monomer..

The treatment fluid of claim 15 wherein the tetrapolymer is present in the treatment fluid

in an amount from about 0.01% to about 10% by weight of the treatment fluid.

The treatment fluid of claim 15 wherein the graft copolymer is present in the treatment

fluid in an amount from about 0.01% to about 10% by weight of the treatment fluid.
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