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TREATMENT OF SUBTERRANEAN
FORMATIONS

CROSS-REFERENCE

[0001] A benefit of priority is claimed to U.S. Provisional
Patent Application No. 61/384,974 filed 21 Sep., 2010, the
disclosure of which is incorporated herein in its entirety.

FIELD OF DISCLOSURE

[0002] The present disclosure relates, generally, to the sta-
bilization of subterranean formations by the addition of a
guanidyl copolymer to the subterranean formation. The dis-
closure further relates to materials and methods for stabiliz-
ing subterranean formations, for example, by reducing clay
swelling and/or fines migration.

BRIEF DESCRIPTION OF RELATED
TECHNOLOGY

[0003] The production of hydrocarbons from subterranean
formations is often effected by the presence of clays and other
fines, which can migrate and plug off or restrict the flow of the
hydrocarbon product. The migration of fines in a subterra-
nean formation is often the result of clay swelling, salt disso-
Iution, and/or the disturbance of fines by the introduction of
fluids that are foreign to the formation. Typically, a foreign
fluid (e.g., fracturing fluid or stabilizing fluid) is introduced
into the formation for the purpose of completing and/or treat-
ing the formation to stimulate production of hydrocarbons by,
for example, fracturing, acidizing, or stabilizing the well.
[0004] The fracturing fluids used throughout the oil and gas
industry are based on a low-cost anionic friction reducer in
combination with a clay stabilizer (e.g., choline chloride and/
or trimethylamine). These fracturing fluids work adequately
in formations where there is a relative high level of perme-
ability, expressed in millidarcy.

[0005] The anionic friction reducer facilitates the fractur-
ing of the subterranean formation by allowing the system to
achieve a desired pressure in the fracturing zone and the
choline chloride and/or trimethylamine help prevent the com-
ponents of the formation (e.g., the sand and/or clay) from
swelling and/or migrating while they are in contact with the
fracturing fluids. Once the addition of fracturing fluid and
thereby the choline chloride and/or trimethylamine is halted,
they dilute out, and the components of the formation begin to
swell and/or migrate in the reservoir water thereby reducing
the permeability of the formation and the rate of hydrocarbon
production. Due to this time limited effect, choline chloride
and trimethylamine are often referred to as temporary clay
stabilizers.

[0006] The composition and behavior of shale formations
are notably different than those made of sand and/or clay.
Shale consists of extremely fine (micron to submicron sized)
particulates that are held together with water soluble salts
(e.g., calcium chloride and/or barium chloride). Typically,
shale formations have very low levels of permeability (often
expressed in terms of microdarcy or nanodarcy (i.e., factors of
1000 lower than clay or sand formations) due to the extremely
tight packing of its component minerals.

[0007] In shale formations, fracturing water or reservoir
water dissolves water soluble minerals causing the formation
to lose its structural integrity and plug the fractured zone with
fines. Correspondingly, temporary clay stabilizers (e.g., cho-
line chloride and/or trimethylamine) have displayed little
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effect on shale stability and cores start to plug shortly after the
injection of water solutions containing low and even high
concentrations (or percentages) of temporary clay stabilizers.
[0008] Notably, plugging of the core mirrors events hap-
pening during and after the fracturing of the shale formation.
Fracturing the shale formation includes forcing millions of
gallons of water into the shale (which dissolves the water-
soluble salts and the shale begins to collapse), then removing
the water of which less than 10% to 15% is typically recov-
ered. This recovered water contains high levels of fine, sus-
pended material, indicative of the collapse of the shale struc-
ture and the production of huge amounts of fines.
Hydrocarbon production (e.g., natural gas and/or oil) from
these systems might be steady for a short period but then
rapidly declines, indicative of the disintegration of the forma-
tion and blockage of the fractured area.

[0009] A fracturing fluid that includes a permanent clay
stabilizer, that additionally stabilizes shale formations, could
increase hydrocarbon production, increase the amount of
recovered water, and reduce the fines content of this water.

SUMMARY

[0010] In one embodiment, a subterranean formation can
be stabilized by contacting the formation with a stabilization
agent that includes a guanidyl copolymer. In one instance, the
stabilization agent includes a water-soluble salt, for example,
in a weight ratio of about 10:1 to about 1:10, grams guanidyl
copolymer to grams water-soluble salt. In another instance,
the stabilization agent includes a water-soluble friction
reducer, for example, in a ratio of about 10:1 to about 1:10,
grams guanidyl copolymer to grams water-soluble friction
reducer. In yet another instance, the stabilization agent
includes a friction reducer, a water-soluble salt and the
guanidyl copolymer.

[0011] In another embodiment, the formation can be stabi-
lized by mixing the stabilizing agent with a fracturing fluid,
and contacting the formation with the fracturing fluid/stabi-
lizing agent combination. The flow of hydrocarbon product
from the subterranean formation contacted with the mixture
of a guanidyl copolymer stabilizing agent and a fracturing
fluid can be higher than the flow from the subterranean for-
mation contacted with a fracturing fluid free of the stabiliza-
tion agent. Furthermore, the hydrocarbon product can be free
of, or include fewer particles from the subterranean formation
(e.g., fines) than the hydrocarbon product from the subterra-
nean formation contacted with the fracturing fluid free of the
stabilization agent.

[0012] In another embodiment, hydrocarbon production
can be increased by contacting the subterranean formation
with a stabilization agent. In one instance, clay swelling and/
or fines migration can be reduced by contacting the subterra-
nean formation with a stabilization agent that comprises a
guanidyl copolymer. In another instance, the stabilization
agent also includes a cationic friction reducer. In still another
instance, a well from which hydrocarbons have been
extracted can be restabilized by contacting the hydraulically
fractured subterranean formation with the stabilization agent.
In yet another instance, hydrocarbons can be extracted from
an oil containing subterranean formation comprising by pro-
viding, through a first borehole, a pressurized floodwater that
comprises about 50 ppm to about 5,000 ppm, about 100 ppm
to about 1,000 ppm, or about 200 ppm to about 600 ppm of a
guanidyl copolymer; and recovering oil from the subterra-
nean formation through a second borehole.
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[0013] In still another embodiment, a bore hole can be
flushed with a drilling fluid that comprises a guanidyl copoly-
mer.

DETAILED DESCRIPTION

[0014] Disclosed herein is a permanent subterranean stabi-
lization agent that includes a cationic polymer that is effective
in low concentrations, and a method of using this stabilization
agent for the production of hydrocarbons from subterranean
formations. Herein, “permanent” means that the stabilization
of the subterranean formation (as a function of time) is not
dependent on the continued addition of the stabilization
agent, preferably the subterranean formation remains stable
for hydrocarbon production for at least one month after
removal of the fracturing fluids that typically contain the
stabilization agent. The subterranean formation can include
clay, shale, sand, rock, solids added to the formation, and any
other material encountered when drilling a hydrocarbon well.
[0015] The compounds, compositions and methods
described herein may be understood more readily by refer-
ence to the following detailed description and the examples
provided. It is to be understood that this invention is not
limited to the specific components, articles, processes and/or
conditions described, as these may, of course, vary. It is also
to be understood that the terminology used herein is for the
purpose of describing particular embodiments only and is not
intended to be limiting.

[0016] Ranges may be expressed herein as from “about” or
“approximately” one particular value or to “about” or
“approximately” another particular value. When such a range
is expressed, another embodiment includes from the one par-
ticular value or to the other particular value. Similarly, when
values are expressed as approximations, by use of the ante-
cedent “about,” it will be understood that the particular value
forms another embodiment.

[0017] Inone embodiment, a stabilization agent includes a
guanidyl copolymer that can be prepared, for example, from
the condensation polymerization of a guanidyl reactant and a
carbony] reactant, see for example, U.S. Pat. No. 5,659,011
incorporated herein by reference in its entirety. In another
embodiment, the guanidyl copolymer can be prepared from
the condensation polymerization of a guanidyl reactant and
an imine reactant. Typically, a condensation reaction is an
acid or base catalyzed polymerization that produce(s) water,
an alcohol, and/or an amine as a by-product.

[0018] The guanidyl copolymer can have a weight average
molecular weight in a range of about 1,000 Dalton (D), 2,000
D, 3,000 D, 4,000 D, 5,000 D, 6,000 D, 7,000 D, 8,000 D,
9,000 D, or 10,000 D to about 5,000 D, 10,000 D, 15,000 D,
20,000 D, 25,000 D, 50,000 D, 75,000 D, 100,000 D, or
1,000,000 D. Preferably, the weight average molecular
weight is in the range of about 1,000 D to about 30,000 D,
more preferably about 1,000 D to about 20,000 D. The
guanidyl copolymer can further have a degree of branching of
about 10 to about 90%. The guanidyl copolymer is preferably
a cationic polymer, and maintains a level of cationicity up to
a pH of about 9, about 10, about 11, or about 12. In one
embodiment, the cationicity of the polymer, as measured in
milliequivilents per gram, varies by less than about 75%,
more preferably less than about 50% from a pH of about 3 to
a pH of about 10.

[0019] The guanidyl copolymer can be made by the con-
densation of an amine reactant selected from dicyanodi-
amine, guanamine, guanidine, melamine, cyanamine, guany-
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lurea, or a mixture thereof; and a carbonyl reactant selected
from formaldehyde, paraformaldehyde, urea, thiourea, gly-
oxal, acetaldehyde, propionaldehyde, butrylaldehyde, glut-
araldehyde, acetone, or a mixture thereof.

[0020] The guanidyl copolymer can be made, for example,
from about 1 wt. % to about 95 wt. %, about 10 wt. % to about
40 wt. %, or 10 wt. % to 40 wt. % guanidy] reactant; about 0
wt. % to about 95 wt. %, about 10 wt. % to about 40 wt. %, or
10 wt. % to 40 wt. % functional amine reactant; about 1 wt. %
to about 98 wt. %, about 10 wt. % to about 40 wt. %, or 10 wt.
% to 40 wt. % water-soluble salt; and about 1 wt. % to about
98 wt. %, about 10 wt. % to about 40 wt. %, or 10 wt. % to 40
wt. % carbonyl or imine reactant.

[0021] Ina particular embodiment, the guanidyl copolymer
is the condensation product of an amino base, formaldehyde,
an alkylenepolyamine, and the ammonium salt of an inor-
ganic or organic acid. Condensates of this type are well
known and are described in U.S. Pat. Nos. 3,106,541, 3,410,
649, 3,582,461, and 4,383,077, the disclosures of which are
incorporated herein by reference. The condensate can also be
made at a neutral or alkaline pH, for example those conden-
sation products described in U.S. Pat. No. 3,015,649 which is
incorporated herein by reference.

[0022] The guanidyl reactant can be selected from a group
consisting of guanidine, guanidine salts, cyanamide, dicyana-
mide, biguanide, guanylurea, guanylthiourea, polycyclic
guanidine, N-(4-aminobutyl)guanidine, 2-amino-5-guanidi-
nopentanoic acid, imidodicarbonimidic diamide, (N-butyl-
imidocarbonimidic diamide), (2-(methylguanidino) ethanoic
acid), (2-[carbamimidoyl(methypamino|ethyl dihydrogen
phosphate), cyanoguanidine, (2-guanidinoacetic acid), (3-
(diaminomethylideneamino)propanoic acid), (N,N-dimeth-
ylimidodicarbonimidic ~ diamide), (1-nitroguanidine),
(4-amino-N-[amino(imino)methyl]benzenesulfonamide),
(2-[10-(diaminomethylideneamino) decyl|guanidine dihy-
drochloride), melamine, alkyl guanidine, aryl guanidine,
alkylaryl guanidine, alkyl biguanide, aryl biguanide, alky-
laryl biguanide and combinations, salts, derivatives thereof
and mixtures thereof. In another embodiment, the guanidyl
reactant can be selected from the group consisting of guani-
dine, 2-cyanoguanidine, and a mixture thereof. In still another
embodiment, the guanidyl reactant can be selected from the
group consisting of guanidine, guanidine salts, biguanide,
cyanoguanidine, melamine, and a mixture thereof.

[0023] The carbonyl reactant can be selected from a group
of compounds that have a carbonyl functional group, for
example, an aldehyde, a ketone, a urea, an amide, and a
mixture thereof. Examples of carbonyl reactants include
formaldehyde, acetaldehyde, paraformaldehyde, trioxane,
urea, thiourea, glyoxal, acetaldehyde, propionaldehyde,
butrylaldehyde, glutaraldehyde, acetone, and/or a formalde-
hyde source materials (e.g., hexamethylenetetramine). The
carbonyl reactant can further include protected aldehydes,
e.g., acetals. The imine reactant, for example, can be an
aldimine, ketimine, imidate, amidate, or a mixture thereof.
[0024] The guanidyl copolymer can further include a func-
tional amine reactant. Herein, a functional amine reactant can
be an alkylenepolyamine having the formula (alkyl), (amine),
where the alkyl is selected from the group consisting of ethyl,
propyl, butyl, pentyl, hexyl, and a mixture thereof, where x is
in a range from 1 to 10, and y is in a range of 2 to 11; an
aminoethylpiperizine; an alkanolamine; and a mixture
thereof. For example, the alkylenepolyamine can be ethyl-
enediamine, diethylenetriamine, triethylenetetramine, pro-
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pylenediamine, dipropylenetriamine, ethylene propylene tri-
amine, ethylene dipropylene tetramine, diethylene propylene
tetramine, ethylene tripropylene pentamine, butylenedi-
amine, pentylenediamine, hexamethylenediamine, tetraeth-
ylenepentamine, 1,2-propylenediamine, dibutylenetriamine,
tributylenetetramine, tetrabutylenepentamine, dipentylen-
etriamine, tripentylenetetramine, tetrapentylenepentamine,
and a mixture thereof. The functional amine reactant can be
an alkylamine, alkyldiamine, alkenepolyamine, polyoxy-
alkylamine or diamine, alkanolamine (e.g., mono/di/tri etha-
nolamine) or a combination thereof. Additional functional
amine reactants are described as aminopolymers in Organic
Polymer Chemistry, 2nd ed., Chapman and Hall, 1988, pp.
341-357, and incorporated herein by reference.

[0025] The stabilization agent can further include a water-
soluble salt. Water soluble salts include those salts with a
cation selected from the group consisting of an ammonium
ion, an alkali metal ion, an alkaline earth metal ion and a
mixture thereof; and an anion. Examples include NaF, KF,
NH,CI, LiCl, NaCl, KCl, RbCl, MgCl,, CaCl,, SrCl,,
NH,Br, LiBr, NaBr, KBr, RbBr, MgBr,, CaBr,, SrBr,, and
other salts where the anion can be an oxyanion (e.g., formate,
succinate, sulfite, sulfate, nitrite, nitrate, hydroxide, oxide,
chlorite, and perchlorate). Preferably, the water-soluble salt is
selected from the group consisting of KCl, MgCl,, CaCl, and
mixtures thereof. In one embodiment, the water-soluble salt
can be obtained from a subterranean formation, for example,
through the dissolution of the water-soluble salt in fracturing
fluids. Herein, the fracturing fluids can be recycled or reused
without removing the dissolved water-soluble salts. Addi-
tionally, the concentration of the water-soluble salt in the
fracturing fluid can be increased through the admixing of an
additional water-soluble salt with a recycled fracturing fluid
or admixing a stabilization agent that includes water-soluble
salt and the guanidyl copolymer with the recycled fracturing
fluid.

[0026] The guanidyl copolymer and water-soluble salt can
be mixed in a weight ratio of about 10:1 to about 1:10, about
5:1 to about 1:5, or about 1:1 to about 1:3, grams guanidyl
copolymer to grams water-soluble salt. The ammonium salts
include the reaction products of ammonium hydroxide and/or
ammonia and hydrochloric, sulfuric, phosphoric, boric, for-
mic, acetic, glycolic, propionic, and/or butyric acid.

[0027] In accordance with the compounds, compositions,
and methods described herein, the reduction of clay swelling
and/or fines migration in a subterranean formation can be
accomplished by contacting the subterranean formation with
astabilization agent or composition that comprises a guanidyl
copolymer. Contacting the subterranean formation can be
accomplished, for example, by providing the stabilization
agent or guanidyl copolymer-containing composition to the
subterranean formation before, during, or after hydraulic
fracturing or drilling. For example, the stabilization agent can
be mixed with the fracturing fluid, often prior to fracturing.
The fracturing fluid-stabilization agent-containing mixture
can then be used to fracture a subterranean formation. In one
embodiment, the stabilization agent is included in the frac-
turing fluid in an amount in a range of about 50 ppm to about
50,000 ppm, about 100 ppm to about 37,000 ppm, about 150
ppm to about 25,000 ppm, about 150 ppm to about 12,000
ppm, about 200 ppm to about 6,000 ppm, or about 300 ppm to
about 2,600 ppm,based on the total weight of the fracturing
fluid . The water soluble salt can be included in the fracturing
fluid in an amount in a range of about 100 ppm to about
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20,000 ppm, about 100 ppm to about 5,000 ppm, or about 100
ppm to about 2,000 ppm and the guanidyl copolymer can be
included in the fracturing fluid in an amount in a range of
about 50 ppm to about 5,000 ppm, about 100 ppm to about
1,000 ppm, or about 200 ppm to about 600 ppm, based on the
total weight of the fracturing fluid. The fracturing fluids can
further include, for example, proppants, friction reducers,
disinfectants and/or salts.

[0028] Inanotherembodiment, the materials and method of
stabilizing a subterranean formation can be provided as a kit
that includes a sufficient quantity of a guanidyl copolymer,
fracturing fluid, and a water-soluble salt for on-site admixture
with water, and, optionally, other stabilization components to
stabilize the subterranean formation.

[0029] In another embodiment, the fracturing fluids
described herein include a friction reducer; preferably, the
stabilization agent includes the friction reducer. Typical fric-
tion reducer systems include an anionic friction reducer (e.g.,
a very high molecular weight (10 million to 20 million D)
acrylamide/sodium acrylate copolymer) and further include
anionic polyelectrolyte(s) which have a molecular weight of
less than about 10,000 D and can be selected from the group
consisting of polyacrylic acid, polymethacrylic acid, poly-
acrylate, polymethacrylate, partially hydrolyzed polyacryla-
mide, polyvinyl alcohol, polyvinyl acetate, polyvinylpyrroli-
done and copolymers of maleic anhydride and acrylate
monomers. Unlike the typical prior art friction reducer com-
positions, the herein presented methods and compositions
preferably include a cationic friction reducer (e.g., a very high
molecular weight polymer having a cationic charge;
examples include but are not limited to acrylamide/dimethy-
laminoethyl acrylate-methyl chloride quaternary copoly-
mers, quaternized guars, and guar gums). Preferably, the cat-
ionic friction reducer is a cationic polyacrylamide copolymer,
preferably, having about 5 to about 35 mol % ammonium
monomer units. Examples of cationic friction reducers
include, but are not limited to, KemEflow C-4102, KemEflow
C-4107, and KemEflow C-4604 (available from KEMIRA,
Helsinki, Finland); FR-48W Friction Reducer (available
from HALLIBURTON, Houston Tex., USA); OILAID-AFR-
1, OILAID-FR-20, and OILAID-FR-30 (available from
MESSINA INC., Dallas Tex., USA), and those cationic fric-
tion reducers disclosed in U.S. Pat. No. 6,787,506, incorpo-
rated herein by reference. The amount of cationic friction
reducer used is between about 10 ppm to about 10,000 ppm,
preferably about 100 to about 5,000 ppm, more preferably
about 250 ppm to about 2,500 ppm, and even more preferably
about 500 ppm to about 1,500 ppm, based on the total weight
of the fracturing fluid.

[0030] Unexpectedly, the combination of the herein dis-
closed guanidyl copolymer and cationic friction reducer
allows for significant reductions in the amount of friction
reducer employed. For example, the guanidyl copolymer
allows for a reduction of about 10% to about 90%, in some
embodiments about 20% to about 80%, or about 30% to about
70% in the total dosage of the friction reducer added to the
fracturing fluid. In one example, prior art friction reducer
compositions may add 1 gallon of an anionic friction reducer
per 1,000 gallons of water to achieve a predetermined level of
friction reduction;with the compositions described herein,
about 0.55 gallons, about 0.65 gallons, or about 0.75 gallons
of cationic friction reducer can be added to 1,000 gallons of
water to achieve the same predetermined level of friction
reduction. This reduction in the amount of friction reducer
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necessary to achieve a predetermined level of friction reduc-
tion is, preferably, a reduction of at least about 10%, 20%,
30%, 40%, 50%, 60%, 70%, or 80%, and can lead to a sig-
nificant cost savings over traditional compositions.

[0031] The result of the stabilization of the subterranean
formation with the stabilization agent and compositions
described herein is that particulates loosened from the sub-
terranean formation by the process of removing the hydro-
carbon product have reduced swell, have reduced subterra-
nean migration, do not reduce the flow of the hydrocarbon
product, and/or do not contaminate the hydrocarbon product.
Without the stabilization agent, clays and/or fines can swell
and/or migrate to inhibit and contaminate the hydrocarbon
production. The stabilization effect can be measured by com-
paring wells with and without the stabilization agent or com-
paring the flow rate of fluids (e.g., oil, water or natural gas)
through samples from the same subterranean formation with
and without the stabilization agent.

[0032] Subterranean formations can be stabilized by con-
tacting them with the above described guanidyl copolymer. In
one embodiment, clay swelling and/or fines migration in a
subterranean formation can be reduced by contacting the
subterranean formation with a stabilization agent that com-
prises a guanidyl copolymer; and contacting the subterranean
formation with a cationic friction reducer. The guanidyl
copolymer and the cationic friction reducer can be pre-mixed
and then directed into contact with the subterranean forma-
tion or alternatively, the guanidyl copolymer and the cationic
friction reducer can be individually applied to, or provided to,
the subterranean formation. The applied guanidyl copolymer
can comprise the reaction product of a guanidyl reactant and
a carbonyl reactant; wherein the carbonyl reactant is selected
from the group consisting of an aldehyde, a ketone, a urea, an
amide, and a mixture thereof, and wherein the guanidyl reac-
tant is selected from the group consisting of guanidine, guani-
dine salt, cyanamide, dicyanamide, biguanide, guanylurea,
guanylthiourea, polycyclic guanidine, N-(4-aminobutyl)
guanidine, 2-amino-5-guanidinopentanoic acid, imidodicar-
bonimidic diamide, (N-butylimidocarbonimidic diamide),
(2-(methylguanidino) ethanoic acid), (2-[carbamimidoyl
(methyl)amino]ethyl dihydrogen phosphate), cyanoguani-
dine, (2-guanidinoacetic acid), (3-(diaminomethylidene-
amino)propanoic acid), (N,N-dimethylimidodicarbonimidic
diamide), (1-nitroguanidine), (4-amino-N-[amino(imino)
methyl]benzenesulfonamide), (2-[10-(diaminomethylidene-
amino)decyl|guanidine dihydrochloride), melamine, alkyl
guanidine, aryl guanidine, alkylaryl guanidine, alkyl bigu-
anide, aryl biguanide, alkylaryl biguanide, and a mixture
thereof. Preferably, the guanidyl reactant is selected from the
group consisting of guanidine, 2-cyanoguanidine, and a mix-
ture thereof.

[0033] Preferably, the cationic friction reducer is selected
from the group consisting of acrylamide/dimethylaminoethyl
acrylate-methyl chloride quaternary copolymer, quaternized
guar, guar gum, and mixtures thereof.

[0034] Contacting the subterranean formation with the sta-
bilization agent and friction reducer can include providing the
stabilization agent to the subterranean formation as a mixture
with a suitable carrier, optionally as a mixture with the fric-
tion reducer and carrier. One example of a carrier for the
stabilization agent is water.

[0035] In another embodiment, a (previously) hydrauli-
cally fractured subterranean formation can be restabilized by
contacting the hydraulically fractured subterranean forma-
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tion with a stabilization agent that comprises a guanidyl
copolymer. The hydraulically fractured subterranean forma-
tion can be any hydraulically fractured subterranean forma-
tion, for example, those from which hydrocarbons have been
extracted. Preferably, the hydraulically fractured subterra-
nean formation is selected from the group consisting of a
formation having a mineral content that is predominantly
clay, shale, sand, and/or a mixture thereof. In one preferable
embodiment, the hydraulically fractured subterranean forma-
tion consists of a formation having clay as the predominant
mineral. In another preferable embodiment, the hydraulically
fractured subterranean formation consists of a formation hav-
ing shale as the predominant mineral.

[0036] The restabilization can include applying the stabili-
zation agent as a component in a fracturing fluid (e.g., water),
where the guanidyl copolymer comprises about 50 ppm to
about 5,000 ppm, about 100 ppm to about 1,000 ppm, or about
200 ppm to about 600 ppm of the guanidyl copolymer in a
fracturing fluid,based on the total weight of the fracturing
fluid composition. The restabilization can also include refrac-
turing the subterranean formation with a fracturing fluid that
comprises the stabilization agent.

[0037] In still another embodiment, the guanidyl copoly-
mer can be used in a method of flushing a bore hole during
drilling with a drilling fluid that comprises a guanidyl copoly-
mer. The drilling fluid can include about 50 ppm to about
5,000 ppm, about 100 ppm to about 1,000 ppm, or about 200
ppm to about 600 ppm of the guanidyl copolymer,based on
the total weight of the drilling fluid composition. In one
embodiment, flushing a bore hole includes applying the drill-
ing fluid to the drill head during drilling.

[0038] The drilling fluid can be a foaming mud, a water-
based mud, an oil-based mud, or a synthetic-fluid-based mud.
The foaming mud is a mixture of a gas (e.g., air) and a
foaming agent that includes the guanidyl polymer. The water-
based mud is a mixture of water, the guanidyl polymer, and
optionally, a thickening agent (preferably a shear-thinning
thickening agent), a viscosity control agent (e.g., a thickener
including xanthan gum, guar gum, glycol, carboxymethylcel-
Iulose, or starch), water-soluble salts, disinfectants, a lubri-
cant, and/or a weighting agent. The oil-based and synthetic-
fluid-based muds include either oil or a synthetic-fluid, the
guanidyl polymer and, optionally, a thickening agent, a vis-
cosity control agent, and/or a weighting agent.

[0039] The material being drilled can any subterranean for-
mation, in one embodiment the method includes drilling a
subterranean formation that comprises tar sands. In another
embodiment the method includes drilling a subterranean for-
mation that comprises a water-swellable clay mineral.
[0040] In yet another embodiment, a method of extracting
oil from an oil containing subterranean formation can include
providing, through a first borehole, a pressurized floodwater
(waterflood) that comprises about 50 ppm to about 5,000
ppm, about 100 ppm to about 1,000 ppm, or about 200 ppm to
about 600 ppm of a guanidyl copolymer; and recovering oil
from the subterranean formation through a second borehole.
Preferably, the subterranean formation was previously
hydraulically fractured and oil was previously extracted.
[0041] The composition and application of the pressurized
floodwater (e.g., at pressure in a range of about 100 psi to
about 1800 psi, about 100 psi to about 1000 psi, about 100 psi
to about 800 psi., about 125 psi to about 600 psi, about 150 psi
to about 500 psi, at about 250 psi to about 500 psi, or at about
250 psi) can be adjusted according to the needs of the subter-
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ranean formation. For example when the subterranean forma-
tion comprises tar sands, the pressurized floodwater can
include steam. In this embodiment, the guanidyl copolymer
can be the reaction product of an aldehyde reactant selected
from the group consisting of formaldehyde, paraformalde-
hyde, urea, thiourea, glyoxal, acetaldehyde, propionalde-
hyde, butrylaldehyde, glutaraldehyde, acetone, and a mixture
thereof; and a guanidyl reactant is selected from a group
consisting of guanidine, guanidine salt, cyanamide, dicyana-
mide, biguanide, guanylurea, guanylthiourea, polycyclic
guanidine, N-(4-aminobutyl)guanidine, 2-amino-5-guanidi-
nopentanoic acid, imidodicarbonimidic diamide, (N-butyl-
imidocarbonimidic diamide), (2-(methylguanidino)ethanoic
acid), (2-[carbamimidoyl(methyl)amino]ethyl dihydrogen
phosphate), cyanoguanidine, (2-guanidinoacetic acid), (3-
(diaminomethylideneamino)propanoic acid), (N,N-dimeth-
ylimidodicarbonimidic ~ diamide), (1-nitroguanidine),
(4-amino-N-[amino(imino)methyl]benzenesulfonamide),
(2-[10-(diaminomethylideneamino)decyl|guanidine  dihy-
drochloride), melamine, alkyl guanidine, aryl guanidine,
alkylaryl guanidine, alkyl biguanide, aryl biguanide, alky-
laryl biguanide, and a mixture thereof.

[0042] Floodwater compositions include the guanidyl
copolymer and water (e.g., the well’s produced water). The
floodwater can optionally include disinfectants, oxygen scav-
enging agents, and/or water-soluble salts, in typically applied
amounts.

EXAMPLES

[0043] The following examples are provided to illustrate
the invention, but are not intended to limit the scope thereof.

Example 1

[0044] Capillary Suction Time (CST) tests were measured
as a determination of the relative flow capacity of a slurry of
ground formation rock used to form an artificial core. The
CST test is a common test for materials as wellbore stabilizers
and multiple, well known manual and automated testing
equipment is available for conducting the test, as well known
to those skilled in the art. Here, the mineral sample was
ground to a =70 mesh grind (U.S. Standard), then 5 grams
were placed in 50 ml of a test fluid (the test fluid comprising
the stabilization agent and water) and stirred on a magnetic
stirrer, in day one trials for 2 hours and in day two trials for 24
hours. Then 5 mL of this slurry was placed in a cylindrical
“mold” setting on top of chromatography paper. The rate of
capillary flow into the chromatography paper was measured
by timing the time necessary for an observable fluid to from a
point 0.25 inches away from the mold to a point one inch away
from the mold. The shorter the time necessary to flow the
recorded distance the greater the stability of the mineral
sample to swelling and/or fines migration. For example, a
mineral with dispersible or swelling clays would have lower
pseudo permeability and will have a longer CST time while
one without clay or other fine particles would have a shorter
retention time. It cannot be used to examine fluids containing
surface active agents.

[0045] Here, the data obtained from the CST tests is
reported as a CST Ratio obtained from the equation [CST-
sampte=CST 101 //CST 4 ,1]. Where CSTy,,, 1s the CST time
for the test fluid to flow the required distance without a min-
eral sample in the mold.
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[0046]
Shale:

Capillary Suction Time for samples of Marcellus

CST Ratio  CST Ratio
Stabilization Agent Dosage (ppm) Day One Day Two
Blank 0.1 0.1
Fresh Water 4.0 5.8

Comparative Stabilizers
Choline chloride 20,000 3.3 3.3
Choline chloride 2,000 3.5 3.6
Trimethylamine 20,000 34 35
Trimethylamine 2,000 3.6 3.7
Herein Disclosed Stabilizer

Guanidyl copolymer 300 2.1 2.1

[0047] Capillary Suction Time for Samples of Marcellus
Shale (With Added Water-Soluble Salt):

CST Ratio  CST Ratio
Stabilization Agent Dosage (ppm) Day One Day Two
Blank 0.1 0.1
Fresh Water 4.0 5.8
Water-Soluble Salts
Potassium Chloride 20,000 1.8 2.8
Potassium Chloride 2,000 3.0 3.2
Magnesium Chloride 20,000 33 3.8
Magnesium Chloride 2,000 3.0 4.0
Calcium Chloride 20,000 3.2 4.4
Calcium Chloride 2,000 3.0 4.3
Comparative Stabilizer (A)—polyEPDMA
Poly EPDMA 300 2.5 2.5
Poly EPDMA 300 2.3 4.2
Potassium Chloride 2,500
Poly EPDMA 300 2.8 2.8
Calcium Chloride 1,200
Comparative Stabilizer (B)—polyDADMAC
Poly DADMAC 300 2.0 2.1
Poly DADMAC 300 2.7 35
Potassium Chloride 2,500
Poly DADMAC 300 2.3 2.3
Calcium Chloride 1,200
Herein Disclosed Stabilizer
Guanidyl Copolymer 300 2.1 2.1
Guanidyl Copolymer 300 1.8 3.0
Potassium Chloride 2,500
Guanidyl Copolymer 300 1.8 2.0
Calcium Chloride 1,200
Guanidyl Copolymer 300 1.8 2.2
Magnesium Chloride 1,500
Example 2
[0048] Roller Oven Shale Stability data were obtained

using a modified API RP 13i procedure. Here, the shale is
ground to a particle size less than 2 mm (10 mesh) and larger
than 0.425 mm (40 mesh). The particles are split equally
using a spinning Riftler then distributed equally into 10 gm
samples. The number of samples depends on the number of
fluids to be tested. The weighed sample is placed in a glass
bottle along with 50 ml of the test fluid and allowed to roll in
a roller oven at a desired temperature. The samples are then
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screened through 70 mesh screen (0.269 mm) and washed
with deionized water prior to drying and reweighing. The
amount of sample pass through the 70 mesh screen is the
measure of instability of the shale. The higher the percentage
of solids passed through the 70 mesh screen, the lower the
stability of the shale in that particular fluid.

[0049] The mass of sample passed through 70 mesh screen
(0.269 mm) is expressed as a mass fraction in percent, M=
(M;~Mz)/M,*100; M,=Mass of shale passed through 70
mesh screen, M =Initial mass of shale sample, M =Final dry
mass of shale sample.

[0050] Roller Oven Shale Stability Marcellus Shale:
Dosage (ppm) % Solids Not Retained
Fresh Water — 5.9

Comparative Stabilizers

Choline chloride 20,000 5.0
Choline chloride 2,000 54
Trimethylamine 20,000 53
Trimethylamine 2,000 5.6
Herein Disclosed Stablizer
Guanidy! copolymer 300 33
[0051] Roller Oven Shale Stability Marcellus Shale (With

Water-Soluble Salt):

Dosage (ppm) % Solids Not Retained

Fresh Water — 5.9
Water-Soluble Salts

Potassium Chloride 20,000 4.8
Potassium Chloride 2,000 53
Calcium Chloride 20,000 4.6
Calcium Chloride 2,000 4.5
Lithium Chloride 12,000 53
Lithium Chloride 1,500 6.2
Magnesium Chloride 30,000 4.7
Magnesium Chloride 5,000 4.1
Magnesium Sulfate 30,000 55
Magnesium Sulfate 5,000 53
Cesium Chloride 40,000 4.3
Cesium Chloride 6,000 4.9
Choline chloride 20,000 5.0
Choline chloride 2,000 54
Trimethylamine 20,000 53
Trimethylamine 2,000 5.6
Comparative Stabilizer (A)—polyEPDMA
Poly EPDMA 300 3.5
Poly EPDMA 300 3.9
Calcium Chloride 1,000

Comparative Stabilizer (B)—polyDADMAC

Poly DADMAC 300 3.7
Poly DADMAC 300 3.6
Calcium Chloride 1,000

Herein Disclosed Stabilizer

Guanidyl Copolymer 300 33
Guanidyl Copolymer 300 2.9
Calcium Chloride 1,000
Example 3
[0052] Core tests were obtained to verify the performance

of'the herein disclosed guanidyl copolymers. A 1 in. diameter
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drilled core sample was horizontally fractured (most often
along a bedding plane) and the core sample was placed in a
Hassler sleeve core holder for flow studies. The permeability
of the core samples were then measured (in microdarcy
([d)). First, the core sample was exposed to hexane (conduc-
tivity was 6.47 [Jd-ft), then a brine solution having 600 ppm
guanidyl copolymer was added and the conductivity
decreased to 0.47 [Jd-ft (an expected change due to the tran-
sition from a non-wetting to wetting solution). Next, the core
sample was flushed with fresh water and a conductivity of
0.42 [d-ft was measured, suggesting stability of the core
sample. Notably, core samples tested with only a temporary
clay stabilizer plugged immediately upon flushing with fresh
water and no conductivity data could be obtained.

Example 4

[0053] Friction Reduction: the pressure and percent friction
reduction for comparative and herein describes materials
were obtained using a friction loop apparatus. The friction
loop apparatus was a closed loop pipeline designed to mea-
sure pressure drop across a 35 foot section of a stainless steel
pipe having a 0.54 inch nominal diameter. The friction loop
was operated at a flow rate of 16 gallons per minute, a starting
temperature of about 80° F., a pipe roughness factor of 1x107>
inches. This friction loop generated Reynolds numbers in a
range of 50,000 to 70,000 at a flow rate of 10 gallons per
minute and a range of 120,000 to 140,000 at 16 gallons per
minute. Differential pressure was continually measured
across the test section at one-second intervals for a period of
about 35 minutes. The first minute of the test was used to
establish a baseline pressure drop. The pressure drop across
the thirty five (35) foot section of pipe for the water was
calculated from the flow rate and pipe dimensions in accor-
dance with the flowing formula:

pViLf

APwatlzr = Zg—Dh
c

[0054] wherein AP° ... is the calculated pressure drop for
water, p is density, V is the velocity, L is length, g_ is the
gravitational constant, and D, is the pipe diameter. The vari-
able f was calculated in accordance with the formula for
turbulent flow below:

Al c/d 5.021 g/d 145y 2
r={- Og[ﬁ_NREO W_NRE]]}

[0055] wherein the variable € is the pipe roughness, the
variable d is the pipe diameter, and the variable N, is the
Reynolds Number.

[0056] Following addition of the particular friction reduc-
ing composition to the tank, the measured was compared to
the calculated pressure drop for water to determine a percent
friction reduction in accordance with the equation:

APgotvent = APsotution

% FR=
AP, solvent
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[0057] wherein % FR is the percent friction reduction,
AP, ;... 1s the pressure drop across the test section for pure
solvent (water ortest brine), and AP, .. .. is the pressure drop
across the test section for the solution of water or test brine,
and friction reducer.

[0058] Results are presented in the following tables:
[0059] Comparative pipe pressures for Anionic Friction
Reducer (FLOPAM DR-7000 available from SNF, Inc., Rice-
boro, Ga., USA)over 35 minutes

Anionic Choline  Calcium 5 20 35
Friction Reducer ~ Chloride  Chloride Minutes Minutes Minutes
300 ppm 60 psi 64 psi 70 psi
300 ppm 1500 ppm 59 psi 64 psi 70 psi
300 ppm 1500 ppm 1000 ppm  75psi 100 psi 120 psi
150 ppm 60 psi 82 psi 120 psi
150 ppm 1500 ppm 59 psi 81 psi 120 psi
150 ppm 1500 ppm 1000 ppm 85 psi 140 psi 170 psi
[0060] Comparative percent friction reduction for Anionic

Friction Reducer (FLOPAM DR-7000 available from SNF,
Inc., Riceboro, Ga., USA) over 35 minutes

Anionic Choline Calcium 5 20 35
Friction Reducer Chloride  Chloride Minutes Minutes Minutes
300 ppm 74% 2%  68%
300 ppm 1500 ppm 75%  T2%  68%
300 ppm 1500 ppm 1000 ppm  70% 55% 47%
150 ppm 74%  60%  50%
150 ppm 1500 ppm 75%  60%  50%
150 ppm 1500 ppm 1000 ppm  60% 40% 30%
[0061] Pipe Pressures for Herein-Described System (using

CALLAWAY (C4802 as the cationic friction reducer, avail-
able from KEMIRA) over 35 minutes

Cationic Guanidyl Calcium 5 20 35
Friction Reducer ~ Copolymer  Chloride Minutes Minutes Minutes
200 ppm 60psi 66 psi 72 psi
200 ppm 1000 ppm  61psi 68 psi 74 psi
200 ppm 900 ppm 59psi 65 psi 70 psi
200 ppm 900 ppm 1000 ppm  59psi 63 psi 68 psi
150 ppm 60psi  85psi 120 psi
150 ppm 1000 ppm  60psi 87 psi 125 psi
150 ppm 900 ppm 60psi  72psi 110 psi
150 ppm 900 ppm 1000 ppm  60psi  75psi 100 psi
[0062] Percent Friction Reduction for Herein-Described

System (using CALLAWAY C4802 as the cationic friction
reducer, available from KEMIRA) over 35 minutes

Cationic Guanidyl Calcium 5 20 35
Friction Reducer ~ Copolymer  Chloride Minutes Minutes Minutes
200 ppm 74% 72% 66%
200 ppm 1000 ppm  73% 70% 64%
200 ppm 900 ppm 75% 73% 68%
200 ppm 900 ppm 1000 ppm  75% 74% 70%
150 ppm 74% 58% 50%

Jun. 28, 2012

-continued
Cationic Guanidyl Calcium 5 20 35
Friction Reducer ~ Copolymer  Chloride Minutes Minutes Minutes
150 ppm 1000 ppm  74%  57%  45%
150 ppm 900 ppm 74% 66% 52%
150 ppm 900 ppm 1000 ppm  74% 62% 55%
[0063] The foregoing description is given for clearness of

understanding only, and no unnecessary limitations should be
understood therefrom, as modifications within the scope of
the invention may be apparent to those having ordinary skill
in the art.

1-21. (canceled)
22. A stabilization agent comprising:
an admixture of a guanidyl copolymer and a water-soluble
salt in aratio ofabout 10:1 to about 1:10, grams guanidyl
copolymer to grams water-soluble salt;
wherein the guanidyl copolymer is the condensation prod-
uct of a guanidyl reactant t selected from the group
consisting of guanidine, guanidine salt, cyanamide,
dicyanamide, biguanide, guanylurea, guanylthiourea,
polycyclic  guanidine, N-(4-aminobutyl)guanidine,
2-amino-5-guanidinopentanoic acid, imidodicarbonim-
idic diamide, (N-butylimidocarbonimidic diamide), (2-
(methylguanidino) ethanoic acid), (2-[carbamimidoyl
(methyl)amino]ethyl dihydrogen phosphate),
cyanoguanidine, (2-guanidinoacetic acid), (3-(diami-
nomethylideneamino)propanoic acid), (N,N-dimeth-
ylimidodicarbonimidic diamide), (1-nitroguanidine),
(4-amino-N-[amino(imino)methyl]benzenesulfona-
mide), (2-[ 10-(diaminomethylideneamino)decyl|guani-
dine dihydrochloride), melamine, alkyl guanidine, aryl
guanidine, alkylaryl guanidine, alkyl biguanide, aryl
biguanide, alkylaryl biguanide, and a mixture thereof
and a carbonyl reactant; and a carbonyl reactant selected
from the group consisting of an aldehyde, a ketone, a
urea, an amide, and a mixture thereof;, and
wherein the water-soluble salt is selected from the group
consisting of potassium chloride, magnesium chloride,
calcium chloride, and a mixture thereof.
23. The stabilization agent of claim 22, further comprising
a cationic friction reducer admixed with the guanidyl copoly-
mer in a weight ratio of about 1:4 to about 10:1, cationic
friction reducer to guanidyl copolymer.
24. The method of claim 22, wherein the weight ratio is
about 5:1 to about 1:5.
25. The method of claim 24, wherein the weight ratio is
about 1:1 to about 1:3.
26-34. (canceled)
35. A method of extracting oil from an oil containing sub-
terranean formation comprising:
providing, through a first borehole, a pressurized floodwa-
ter that comprises about 50 ppm to about 5,000 ppm
guanidyl copolymer; and
recovering oil from the subterranean formation through a
second borehole;
wherein the guanidyl copolymer is the condensation prod-
uct of a guanidyl reactant t selected from the group
consisting of guanidine, guanidine salt, cyanamide,
dicyanamide, biguanide, guanylurea, guanylthiourea,
polycyclic  guanidine, N-(4-aminobutyl)guanidine,
2-amino-5-guanidinopentanoic acid, imidodicarbonim-
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idic diamide, (N-butylimidocarbonimidic diamide), (2-
(methylguanidino) ethanoic acid), (2-[carbamimidoyl
(methyl)amino]ethyl dihydrogen phosphate),
cyanoguanidine, (2-guanidinoacetic acid), (3-(diami-
nomethylideneamino)propanoic acid), (N,N-dimeth-
ylimidodicarbonimidic diamide), (1-nitroguanidine),
(4-amino-N-[amino(imino)methyl]benzenesulfona-
mide), (2-[10-(diaminomethylideneamino)decyl|guani-
dine dihydrochloride), melamine, alkyl guanidine, aryl
guanidine, alkylaryl guanidine, alkyl biguanide, aryl
biguanide, alkylaryl biguanide, and a mixture thereof
and a carbonyl reactant; and a carbony] reactant selected
from the group consisting of an aldehyde, a ketone, a
urea, an amide, and a mixture thereof.

36. The method of claim 34, wherein the subterranean
formation was previously hydraulically fractured and oil was
previously extracted.

37. The method of claim 34, wherein the pressurized flood-
water comprises steam.

38. A method comprising:

flushing a bore hole during drilling with a drilling fluid that

comprises a guanidyl copolymer;

wherein the guanidyl copolymer is the condensation prod-

uct of a guanidyl reactant t selected from the group
consisting of guanidine, guanidine salt, cyanamide,
dicyanamide, biguanide, guanylurea, guanylthiourea,
polycyclic  guanidine, N-(4-aminobutyl)guanidine,
2-amino-5-guanidinopentanoic acid, imidodicarbonim-
idic diamide, (N-butylimidocarbonimidic diamide), (2-
(methylguanidino) ethanoic acid), (2-[carbamimidoyl
(methyl)amino]ethyl dihydrogen phosphate),
cyanoguanidine, (2-guanidinoacetic acid), (3-(diami-
nomethylideneamino)propanoic acid), (N,N-dimeth-
ylimidodicarbonimidic diamide), (1-nitroguanidine),
(4-amino-N-[amino(imino)methyl]benzenesulfona-
mide), (2-[10-(diaminomethylideneamino)decyl|guani-
dine dihydrochloride), melamine, alkyl guanidine, aryl
guanidine, alkylaryl guanidine, alkyl biguanide, aryl
biguanide, alkylaryl biguanide, and a mixture thereof;
an amine reactant; and a carbonyl reactant selected from
the group consisting of an aldehyde, a ketone, a urea, an
amide, and a mixture thereof.

39. The method of claim 37, wherein the drilling fluid
comprises about 50 ppm to about 5,000 ppm guanidyl copoly-
mer.

40. The method of claim 37, wherein the drilling fluid
comprises about 100 ppm to about 1,000 ppm guanidyl
copolymer.
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41. The method of claim 37, wherein the drilling fluid
comprises about 200 ppm to about 600 ppm guanidyl copoly-
mer.

42. The method of claim 37 further comprising: drilling a
subterranean formation that comprises a water-swellable clay
mineral.

43. The method of claim 37, wherein flushing a bore hole
comprises applying the drilling fiuid to the drill head during
drilling.

44. The method of claim 38, further comprising a cationic
friction reducer admixed with the guanidyl copolymer in a
weight ratio of about 1:4 to about 10:1, cationic friction
reducer to guanidyl copolymer.

45. The method of claim 44, wherein the weight ratio is
about 5:1 to about 1:5.

46. The method of claim 45, wherein the weight ratio is
about 1:1 to about 1:3.

47. A method comprising:

flushing a bore hole during drilling with a drilling fluid that
consists of a pressurized floodwater, a friction reducer
and a guanidyl copolymer;

wherein the guanidyl copolymer is the condensation prod-
uct of a guanidyl reactant t selected from the group
consisting of guanidine, guanidine salt, cyanamide,
dicyanamide, biguanide, guanylurea, guanylthiourea,
polycyclic  guanidine, N-(4-aminobutyl)guanidine,
2-amino-5-guanidinopentanoic acid, imidodicarbonim-
idic diamide, (N-butylimidocarbonimidic diamide), (2-
(methylguanidino) ethanoic acid), (2-[carbamimidoyl
(methyl)amino]ethyl dihydrogen phosphate),
cyanoguanidine, (2-guanidinoacetic acid), (3-(diami-
nomethylideneamino)propanoic acid), (N,N-dimeth-
ylimidodicarbonimidic diamide), (1-nitroguanidine),
(4-amino-N-[amino(imino)methyl]benzenesulfona-
mide), (2-[ 10-(diaminomethylideneamino)decyl|guani-
dine dihydrochloride), melamine, alkyl guanidine, aryl
guanidine, alkylaryl guanidine, alkyl biguanide, aryl
biguanide, alkylaryl biguanide, and a mixture thereof;
an amine reactant; and a carbonyl reactant selected from
the group consisting of an aldehyde, a ketone, a urea, an
amide, and a mixture thereof.

48. The method of claim 47, wherein the friction reducer

comprises a cationic polyacrylamide copolymer having about
5 to about 35 mol % ammonium monomer units.
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