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FIG. 1

(57) Abstract: A method for enhancing oil recovery is disclosed. The method includes providing a subsurface reservoir contain-
ing hydrocarbons therewithin and a wellbore in fluid communication with the subsurface reservoir. A solution for injection into
the reservoir is formed by mixing a composition with at least one non-ionic chemical, at least one polymer, and at least one alkali.
The non-ionic chemical can be alcohol alkoxylates such as alkylaryl alkoxy alcohols or alkyl alkoxy alcohols. The solution is so-
Iution is clear and aqueous stable when mixed. The solution is injected through the wellbore into the subsurface reservoir.
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NON-IONIC ALKALI POLYMER SOLUTIONS FOR ENHANCED OIL RECOVERY
IN A SUBTERRANEAN FORMATION

TECHNICAL FIELD
[0001] This disclosure is directed to recovery of oil from subterranean petroleum
resServoirs.
BACKGROUND
[0002] Crude oil production from subterranean reservoirs may involve use of various

flooding methods as the natural forces that are used in the "primary recovery" process
become depleted. A large portion of the crude oil may have to be driven out of the formation
in "secondary" or "tertiary" recovery processes. In addition, some reservoirs may not have
sufficient natural forces for oil production even by primary recovery processes. Enhanced
oil recovery methods are one example of such recovery processes used to improve the
production of crude oil.

[0003] Currently, the petroleum industry is re-evaluating technologies that will improve
the ability to recover remaining and untapped oil from the subterranean reservoirs. Injecting
a displacing fluid or gas may begin ecarly, long before the complete depletion of the field by
primary recovery processes. Methods for improving displacement efficiency or sweep
efficiency may be used at the very beginning of the first injection of a displacing fluid or gas,
rather than under secondary and tertiary recovery conditions.

[0004] The easiest method of flooding a subterranean reservoir for the production of
crude oil is by injecting a liquid or a gas into the well to force the oil to the surface. Water
flooding is the most widely used fluid. However, water does not readily displace oil because
of the high interfacial tension between the two liquids, which results in high capillary
pressure that traps the oil in porous media.

[0005] The addition of chemicals to the flooding liquid has been used to modify early
flooding techniques in order to improve the oil recovery. Surfactants are one class of
chemical compounds that have been used in aqueous media for enhanced oil recovery.
Surfactants have been found to effectively lower the interfacial tension between oil and water
and enable mobilization of trapped oil through the reservoir.

[0006] Surfactants have been used in flooding operations, alone, or in conjunction with

secondary surfactants or co-surfactants and/or sacrificial agents. Surfactants, such as
1
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alkylaryl sulfonates, are able to lower the interfacial tension between oil and water, and when
used in conjunction with appropriate amounts of other inorganic salts, such as, sodium
chloride or sodium carbonate, they exhibit desirable phase behavior. Depending on the
molecular weight and molecular weight distribution, branching and point of attachment of the
aryl group to the alkyl groups, alkylaryl sulfonates can be tailored to preferentially reside in
the aqueous or oleic phases at different electrolyte concentrations (salinities). At low
salinities the alkylaryl sulfonates reside in water and at high salinities they partition into the
oil. In cither case, the swollen micellar solutions that contain surfactants, oil, and water are
termed microemulsions. At “optimal salinity” an equal volume of oil and water are
solubilized in the microemulsion. For well tailored and matched surfactants, the high
volumes of oil and water solubilized in the microemulsion result in ultra-low interfacial
tensions that provide potential for high oil recovery from reservoirs.

[0007] The salinity of the water in subterranean hydrocarbon reservoirs may vary a great
deal. For example, the Minas oil field in Indonesia has total dissolved salts of between 0.2
and 0.3 weight percent. Other reservoirs may have salinities as high as or higher than 20.0
percent sodium chloride and over 0.5 percent calcium chloride and magnesium chloride. It is
desirable to optimize the surfactant for enhanced oil recovery for a particular reservoir by
evaluating tailored versions of the surfactants with native reservoir brine and reservoir oil
under subterranean reservoir conditions via phase behavior experiments. In addition to the
phase behavior experiments, interfacial tension measurements can be taken, such as by using
a spinning drop tensiometer, to verify that the interfacial tensions are acceptably low. In
addition to testing the surfactants in the laboratory, additional field or pilot tests with injected
solutions can be performed as in some instances the injectate brine is different from native
reservoir brines.

[0008] Surfactants can be optimized by adjusting the molecular weight and/or molecular
weight distribution of the surfactant to maximize the amount of oil in the aforementioned
microemulsion. Other components may also be used in combination with the surfactant, such
as inorganic alkaline salts, co-solvents, polymeric materials, and co-surfactants to improve
phase behavior. The performance of an enhanced oil recovery formulation may also be
measured by the oil solubilization parameter, which is the volume of oil dissolved per unit
volume of surfactant. The square of oil solubilization value is inversely proportional to

interfacial tension. In addition, the performance can also be measured by the ability of the
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formulation to achieve stable microemulsions and low interfacial tensions rapidly, such as in
less than one day in the laboratory.

[0009] In the past, minimal attention has been paid to aqueous stability. During the
London floods, another operator achieved aqueous stability of the surfactant-polymer
formulation, but did not consider the interactions with the chase solutions. Similarly, during
the surfactant field trial in Minas in 2002, there was not an importance placed upon aqueous
stability, which was a contributing factor to lower than anticipated oil recovery.

[0010] A number of published reports have discussed methods for enhanced oil recovery
using flooding with anionic surfactant systems. These systems depend on ion exchange to
shift the salinity/ionic strength to a region of optimal oil recovery potential. These systems
are marginally phase-stable or unstable mixtures after (or even before) injection into the
formation and produce less than optimum oil recovery. Some systems use solvents such as
alcohols or miscible solvents that help keep the components as a single phase. Others have
incorporated an oil in the surface mixture that is higher in molecular weight than the oil that
is meant to be recovered from the formation. This approach forms a micro-emulsion and a
less than optimum mixture at surface conditions. In addition to the phase stability problems
associated with anionic surfactant systems, the costs of the systems are often not
economically viable due to the high chemical costs.

[0011] There is limited research on the use of non-ionic surfactants in enhanced oil
recovery operations, and actual attempts to use non-ionic surfactants in such operations have
failed to produce successful results. For example, non-ionic surfactants have been used as the
main component in a surfactant flood, but have not shown to improve recovery. See e.g.
“Potential Use of Non-ionic Surfactants in Micellar Flooding,” L.A. Verkruyse and S.J.
Salter, Int’l Symposium on Oilfield and Geothermal Chemistry (SPE 13574), 9-11 Apr. 1985,
Phoenix, Arizona, USA (1985).

SUMMARY

[0012] According to an aspect of the present invention, a method for enhancing oil
recovery is disclosed. The method includes providing a subsurface reservoir containing
hydrocarbons therewithin and a wellbore in fluid communication with the subsurface
reservoir. A solution for injection into the reservoir is formed by mixing a composition with

at least one non-ionic chemical, at least one polymer, and at least one alkali. The solution is
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solution is clear and aqueous stable when mixed. The solution is injected through the
wellbore into the subsurface reservoir.

[0013] In one embodiment, the solution comprises from about 0.05 to about 1.00 percent
by weight non-ionic chemical based on the total weight of the solution. In one embodiment,
the solution comprises from about 0.1 to about 0.3 percent by weight non-ionic chemical
based on the total weight of the solution. In one embodiment, the solution is free of anionic
surfactant. In one embodiment, the solution has a PVXCx10,000 from about 3 to about 15
units, where PV represents a dimensionless fraction of pore volumes injected, C represents a
mass fraction of the non-ionic chemical, and 10,000 represents an arbitrary conversion factor.
In one embodiment, the solution has a PVxCx10,000 from about 5 to about 10 units.

[0014] In one embodiment, the non-ionic chemical is a non-ionic surfactant. In one
embodiment, the non-ionic chemical is an alcohol alkoxylate. For example, the non-ionic
chemical can be alkylaryl alkoxy alcohols, alkyl alkoxy alcohols, or a combination thereof.
[0015] In one embodiment, a salinity of the solution is optimized for the subsurface
reservoir by adjusting a number of alkoxylate groups in the non-ionic chemical.

[0016] In one embodiment, a chelating agent is added to the solution. For example, the
chelating agent can be ethylenediaminetetraacetic acid (EDTA).

[0017] In one embodiment, the solution has a cloud point temperature higher than the
temperature within the subsurface reservoir.

[0018] In one embodiment, the solution has a salt tolerance of at least 1.25 times the
optimal salinity with alkali at a water-oil ratio of 9:1.

[0019] In one embodiment, the solution has an interfacial tension (IFT) less than about
0.005 dynes/cm.

[0020] In one embodiment, the wellbore is an injection wellbore associated with an
injection well. A production well is spaced-apart from the injection well a predetermined
distance and has a production wellbore in fluid communication with the subsurface reservoir.
The injection of the solution increases the flow of the hydrocarbons to the production
wellbore.

[0021] In one embodiment, the solution remains clear upon entering the subsurface
reServoir.

[0022] In one embodiment, a chaser slug is injected after injecting the solution.

[0023] Another aspect of the present invention includes a method for enhancing oil

recovery from a subsurface reservoir that is in fluid communication with an injection well
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and a production well. The method includes forming a clear and aqueous stable solution for
injection into the reservoir by mixing a composition including at least one non-ionic
chemical, at least one polymer, and at least one alkali. The solution is injected through the
injection well into the subsurface reservoir, and oil present in the subsurface reservoir is
recovered by the production well.

[0024] In one embodiment, the non-ionic chemical is a non-ionic surfactant. In one
embodiment, the non-ionic chemical is an alcohol alkoxylate. For example, the non-ionic
chemical can be alkylaryl alkoxy alcohols, alkyl alkoxy alcohols, or a combination thereof.
[0025] Another aspect of the present invention includes a system for enhancing oil
recovery from a subsurface reservoir. The system includes a subsurface reservoir containing
hydrocarbons therewithin and a wellbore in fluid communication with the subsurface
reservoir. The system also includes a clear and aqueous stable solution for injection into the
reservoir including at least one polymer, at least one alkali, and at least one non-ionic
chemical. The non-ionic chemical can be alkylaryl alkoxy alcohols, alkyl alkoxy alcohols, or
a combination thereof.

[0026] In one embodiment, the system includes a production well in fluid communication

with the subsurface reservoir for recovering the hydrocarbons in the subsurface reservoir.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a schematic sectional view of an example oil recovery system that
includes a reservoir that is in fluid communication with an injection well and a production
well during enhanced oil recovery operations, in accordance with an embodiment of the present
invention.

[0028] FIG. 2A is side view of a surfactant-polymer solution for use in the enhanced oil
recovery operations of FIG. 1.

[0029] FIG. 2B is a side view of a chemical solution for use in the enhanced oil recovery
operations.

[0030] FIG. 2C is a side view of the chemical solution of FIG. 2B after a period of
twenty-four hours;

[0031] FIG. 3 is a schematic sectional view of an example oil recovery system that
includes a reservoir that is in fluid communication with an injection well and a production
well during enhanced oil recovery operations, in accordance with an embodiment of the present

invention.
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[0032] FIG. 4 is a graph of the oil cut, oil saturation, and cumulative oil recovery for pore
volumes injected for a core flood experiment including the surfactant solution of Example A,
in accordance with an embodiment of the present invention.

[0033] FIG. 5 is a graph of the oil cut, oil saturation, and cumulative oil recovery for pore
volumes injected for a core flood experiment including the surfactant solution of Example B,
in accordance with an embodiment of the present invention.

[0034] FIG. 6 is a graph of the oil cut, oil saturation, and cumulative oil recovery for pore
volumes injected for a core flood experiment including the surfactant solution of Example D,
in accordance with an embodiment of the present invention.

[0035] FIG. 7 is a graph of the oil cut, oil saturation, and cumulative oil recovery for pore
volumes injected for a core flood experiment including the surfactant solution of Example E,

in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION
Definitions
[0036] As used herein, the following terms have the following meanings unless expressly
stated to the contrary:
[0037] The term "non-ionic chemical" as used herein refers to the non-ionic surfactant
that is present in the formulation, such as, alkylaryl alkoxy alcohols, alkyl alkoxy alcohols,
alkyl alkoxylated esters, and alkyl polyglycosides.
[0038] The term "alkali metal” as used herein refers to Group A metals of the Periodic
Table.
[0039] The term “alkali” or “alkaline” as used herein refers to a carbonate or hydroxide
of an alkali metal that is present in the formulation, such as alkali metal carbonate,
bicarbonate or hydroxide salts.
[0040] The terms "enhanced oil recovery” or "EOR" as used herein refer to processes for
enhancing the recovery of hydrocarbons from subterranean reservoirs.
[0041] The term oil solubilization parameter "SPo" refers to the volume of oil dissolved
per unit volume of surfactant. Typically, oil solubilization parameter is measured via phase
behavior experiments.
[0042] The term "interfacial tension” or "IFT" as used herein refers to the surface tension

between test oil and water of different salinities containing a surfactant formulation at
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different concentrations. Typically, interfacial tensions are measured using a spinning drop
tensiometer or calculated from phase behavior experiments.

[0043] The term "co-solvent" as used herein refers to alcohols, ethers and/or a range of
non-ionic materials. Generally the non-ionic materials have a somewhat higher tolerance to
polyvalent ions, are water-soluble, and may also provide a reduction in viscosity of the
surfactant formulation.

[0044] Unless otherwise specified, all percentages are in weight percent and the pressure
is in atmospheres.

[0045] This disclosure relates to Enhanced Oil Recovery (“EOR”) systems and methods.
A general treatise on enhanced oil recovery is Basic Concepts in Enhanced Oil Recovery
Processes edited by M. Baviere (published for SCI by Elsevier Applied Science, London and
New York, 1991).

[0046] Referring to FIG. 1, an example oil recovery system includes injection well 11
that is illustrated extending to a portion of subsurface reservoir 13 which contains
hydrocarbons for production, such that injection well 11 is in fluid communication with
subsurface reservoir 13 and the hydrocarbons. Production well 15 is also in fluid
communication with reservoir 13 in order to receive the hydrocarbons therefrom. Production
well 15 is positioned a predetermined lateral distance away from injection well 11. For
example, production well can be positioned between 100 feet to 10,000 feet away from
injection well 11. As will be readily appreciated by those skilled in the art, there can be
additional injection wells 11 and production wells 15, such that production wells 15 are
spaced apart from injection wells 11 at predetermined locations to optimally receive the
hydrocarbons being pushed through reservoir 13 due to injections from injection wells 11.
[0047] A solution or slug 17 is injected through injection well 11 into reservoir 13. As
will be described in further detail below, the formulation of slug 17 comprises a non-ionic
chemical, a polymer, and an alkali. Slug 17 disperses through reservoir 13, with at least a
portion thereof proceeding toward production well 15. The alkali in slug 17 penetrates into
pore spaces of the formation contacting the trapped oil globules and reacts with the acidic
moieties of the oil creating natural soap. The soap, which acts as a surfactant and is the
primary driver for oil recovery, reduces the interfacial tension (IFT) between the water and
oil in the reservoir allowing the trapped oil to escape from the pore spaces in the reservoir
rock. The soap also can alter the wettability of the reservoir rock, as well as, help with

reducing the adsorption of the non-ionic chemical by the reservoir rock. The non-ionic
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chemical is used in slug 17 for phase behavior control thus optimizing the oil recovery and
making it more robust. The non-ionic chemical also helps in releasing the oil trapped in the
pore spaces of the rock by further reducing the interfacial tension between the water and oil
in the reservoir. The polymer acts as a viscosity modifier, thereby reducing channeling and
helping to mobilize or drive the oil to production well 15.

[0048] In some embodiments, slug 17 is a clear, aqueous stable solution. In particular,
the non-ionic chemical is compatible with the alkali and polymer used in slug 17 such that a
homogenous and phase stable solution is produced. Slug 17 is a true solution that is free of
suspended particles, rather than being a mixture that separates into multiple phases over time.
Accordingly, slug 17 can be characterized as being free of large micelles that interfere with
the passage of light which make the solution hazy or opaque. Slug 17 is most effective in
enhanced oil recovery when it has a balanced solubility in oil and water. These true aqueous
stable solutions are contrasted with prior surfactant-polymer (SP) or alkali-surfactant-
polymer (ASP) solutions used in chemical flooding of a reservoir which have been
historically hazy and/or translucent and/or opaque.

[0049] These prior solutions typically utilized ionic surfactants in combination with a
co-solvent or mixed ionic, non-ionic surfactant solutions. @~ When at their optimum
temperature and salinity, these surfactant solutions exist more as a dispersion of relatively
large micelles or other large aggregates, and typically separate into two or more phases
(layers) upon standing. Furthermore, the size of these micelles approaches the wavelengths
of light and thus, interferes with the passage of light and makes the solutions hazy. Although
the surfactant solutions may exhibit very good interfacial properties, the
surfactant-polymer (SP) or alkali-surfactant-polymer (ASP) formulations must propagate for
distances on the order of 100-600 ft depending on well spacing. Over such distances, the
hazy solutions tend separate into different layers that may go different places in the
formation. The suspended droplets also might get filtered out by the porosity of the reservoir.
[0050] Referring to FIGS. 2A and 2B, a comparison is illustrated between solution or
slug 17 (FIG. 2A) and a prior surfactant-polymer (SP) or alkali-surfactant-polymer (ASP)
solution (FIG. 2B) having micelles or aggregates with a large size. As is readily apparent to
those skilled in the art, the micelles associated with solution or slug 17 are small enough such
that they do not interfere with the passage of light, especially when heated to the temperature
of reservoir 13, and thus appear transparent or clear. In an embodiment, slug 17 is a pure

solution without particles floating therein, or having large micelles or large aggregates
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associated therewith, such that slug 17 does not interfere with the passage of light at room
temperature.

[0051] FIG. 2C, is an example of the "hazy" solution from FIG. 2B will typically separate
into multiple phases 19, 21 after twenty-four (24) hours. Slug 17 is stable and therefore, does
not separate into multiple phases over time.

[0052] Referring back to FIG. 1, slug 17 is clear and aqueous stable, which means that
surfactant-polymer slug 17 does not separate prior to or while propagating the porous
medium of reservoir 13. The incorporation of a non-ionic chemical allows the solution to be
clear and phase stable at a lower surface temperature, but then shift the balance of the
hydrophile/lypophile of the surfactant to the optimum conditions once in the reservoir. By
retaining the single-phase quality, slug 17 can more efficiently act as a detergent to reduce the
surface tension of the oil/hydrocarbons and wash the hydrocarbons out of the pore spaces
within reservoir 13. By being more efficient, slug 17 can also act upon hydrocarbons more
effectively that are farther away from injection well 11.

[0053] The non-ionic chemical, polymer, and alkali used in the formulation of slug 17 are

described below in further detail.

NON-IONIC CHEMICALS

[0054] Despite previous failures to use non-ionic chemicals, such as non-ionic
surfactants, in enhanced oil recovery operations, the inventors have unexpectedly discovered
that non-ionic chemicals can be used to successfully improve recovery oil in a flooding
process. In an embodiment, the non-ionic chemicals or surfactants such as non-ionic
alcohols, non-ionic esters, or a combination thereof, are incorporated into non-ionic,
alkali-polymer formulations to make them homogeneous solutions for casier and more
effective field injection. The selection of the non-ionic chemical depends on the total acid
number (TAN), crude-oil composition in the reservoir, and the compatibility with the make-
up or injection brine used in slug 17. Standard phase-behavior tests must be conducted to
screen for appropriate non-ionic chemicals. To reduce the number of candidate non-ionic
chemicals for the phase-behavior screen, the following guidelines can be used.

[0055] The non-ionic chemicals should be soluble in the make-up or injection brine used
to make slug 17. Generally, this implies that the HLB (Hydrophillic-Lipophillic-Balance) for
the non-ionic chemical must be fairly high, such as greater than 10 (HLB > 10). The cloud
point (CP) for the non-ionic chemical should also be above both surface temperatures, which

typically range between 0 and 100 Degrees Celsius, and reservoir temperatures, which
9
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typically range between 30 and 150 Degrees Celsius. The cloud point is the temperature
above which the non-ionic chemical becomes insoluble in the make-up or injection brine. In
particular, it is the temperature at which the non-ionic chemical becomes hydrophobic
enough to separate from the aqueous solution, thus becoming a colloidal suspension or
macroemulsion. The lowest interfacial tensions are usually at or near this temperature point.
The hydrophobicity of non-ionic chemical generally increases with temperature. The
non-ionic chemical may also be selected so that at a cooler surface temperature it imparts
high water solubility and salt tolerance to the non-ionic solution or slug 17.

[0056] Non-ionic chemicals or surfactants satisfying the above guidelines generally have
the following characteristics. The lipophilic moiety (tail) is an alkyl chain with typically
more than six (6) carbons, with or without an aromatic ring (phenyl) attached to it. This
chain may be linear or branched. In some embodiments, C8 to C9 (or C8-® to C9-D) are
effective alkyl chains for the non-ionic chemicals. The hydrophyllic moiety is an
ethoxy (EO), propoxy (PO) or butoxy (BO) chain with more than two repeating units of EO,
PO, or BO. In some embodiments, more than six (6) repeating units, such as EO, are present.
In some embodiments, more than ten to twenty repeating units, such as EQ, are present.
[0057] Because the particular makeup of the non-ionic, alkali-polymer solution is
dependent on the characteristics of the subterrancan formation and fluid therewithin, further
testing of the solution is often performed using oil from the formation for which the solution
will be injected into. In particular, additional phase-behavior tests using actual crude oil and
injection brine at reservoir temperature are utilized for selecting the appropriate non-ionic
chemical that will be used for enhanced oil recovery of a particular reservoir. Based on the
results of these tests, the non-ionic chemical and other components of the solution can be
optimized. Examples of screening processes are disclosed in “Refinement of Chemical
Selection for the Planned ASP Pilot in Mangala Field—Additional Phase Behavior and
Coreflood Studies,” A. Pandey, SPE Oil and Gas India Conference and Exhibition (SPE
129064), 20-22 Jan. 2010, Mumbai, India, which is incorporated herein by reference;
“Design of an ASP Pilot for the Mangala Field: Laboratory Evaluations and Simulation
Studies,” A. Pandey, D. Beliveau, D. Corbishley, and M.S. Kumar, 2008 Indian Oil and Gas
Technical Conference and Exhibition (SPE 113131) 4-6 March 2008, Mumbai, India, which
is incorporated herein by reference; and A.H. Falls, et al. “Field Test of Cosurfactant-
Enhanced Alkaline Flooding,” SPE Reservoir Engineering, August 1994, which is

incorporated herein by reference.
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[0058] Example non-ionic chemicals or surfactants include alcohol alkoxylates such
as alkylaryl alkoxy alcohols or alkyl alkoxy alcohols. Currently available alkoxylated
alcohols include Lutensol® TDA 10EO and Lutensol® OP40, which are manufactured by
BASF SE headquartered in Rhineland-Palatinate, Germany.  Neodol 25, which is
manufactured by Shell Chemical Company, is also a currently available alkoxylated alcohol.
Chevron Oronite Company LLC, a subsidiary of Chevron Corporation, also manufactures
alkoxylated alcohols such as L.24-12 and L.14-12, which are twelve-mole ethoxylates of linear
carbon chain alcohols. Other non-ionic surfactants can include alkyl alkoxylated esters and
alkyl polyglycosides. In some embodiments, multiple non-ionic surfactants such as non-ionic
alcohols or non-ionic esters are combined. In some embodiments, the surfactants are non-
halogenated or non-fluorinated. In some embodiments, the non-ionic surfactant consists of
molecules of carbon, hydrogen, and oxygen atoms. In some embodiments, the non-ionic
surfactant has a number average molecular weight of 500 with a range of preferred
embodiments of 400 to 600.

[0059] The non-ionic, alkali-polymer solution may include from about 0.05 to about 1.0
percent by weight non-ionic chemical based on the total weight of non-ionic, alkali-polymer
solution. For example, the non-ionic, alkali-polymer solution may include from about 0.075
to about 0.5, or about 0.2 to about 0.8, or about 0.1 to about 0.3 percent by weight non-ionic
chemical based on the total weight of the non-ionic, alkali-polymer solution.

[0060] The composition of the non-ionic, alkali-polymer solution may also be
represented by the expression PVXCx10,000 equals about 3 to about 15 units. PV represents
a dimensionless fraction of pore volumes (Volume/Volume) injected into the reservoir, C
represents a mass fraction of the non-ionic chemical, and 10,000 is an arbitrary conversion
factor used to make the unit values greater than or equal to one. PVxCx10,000 may also
equal about 5 to about 10 units, about 3.5 to about 6.5 units, or about 6 to about 12 units. The
pore volume fraction component may vary from about 0.05 to about 0.5, such as about 0.1 to
about 0.3, or about 0.3 to about 0.4. The mass fraction of the non-ionic chemical (C) may
vary from about 0.05 to about 10, such as about 0.075 to about 0.5, or about 0.2 to about 0.8,

or about 0.1 to about 0.3 percent.

THE ALKALI

[0061] The alkali employed is a carbonate or hydroxide of an alkali metal from Group IA

metals of the Periodic Table, such as an alkali metal salt. In an embodiment, the alkali metal
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salt is a base, such as an alkali metal hydroxide, carbonate or bicarbonate, including, but not
limited to, sodium carbonate, sodium bicarbonate, sodium hydroxide, potassium hydroxide,
or lithium hydroxide. Sodium chloride can also be used. The alkali is typically used in
amounts ranging from about 0.3 to about 3.0 weight percent of the solution, such as about 0.5
to about 0.85 wt. %.

[0062] As previously discussed, the alkali in slug 17 penetrates into pore spaces of the
reservoir rock contacting the trapped oil globules. High acidic concentrations in the oil drive
in situ saponification where the alkali and acidic components of the oil react to create natural
soap, which the primary driver for oil recovery. The soap reduces the interfacial
tension (IFT) between the water and oil in the reservoir allowing the trapped oil to escape

from the pore spaces in the reservoir rock.

THE POLYMER

[0063] Polymers, such as those commonly employed for enhanced oil recovery, may
be included to control the mobility of the injection solution. Such polymers include, but are
not limited to, xanthan gum, partially hydrolyzed polyacrylamides (HPAM) and copolymers
of 2-acrylamido-2-methylpropane sulfonic acid and/or sodium salt and polyacrylamide
(PAM) commonly referred to as AMPS copolymer. Molecular weights (Mw) of the
polymers range from about 10,000 daltons to about 20,000,000 daltons, such as about
100,000 to about 500,000, or about 300,000 to 800,000 daltons. Polymers are used in the
range of about 250 ppm to about 5,000 ppm, such as about 500 to about 2500 ppm
concentration, or about 1000 to 2000 ppm in order to match or exceed the reservoir oil
viscosity under the reservoir conditions of temperature and pressure. Examples of polymers
include Flopaam™ AN125 and Flopaam' 36308, which are produced by and available from

SNF Floerger, headquartered in Andrézieux, France.

THE FORMATION OF SLUG

[0064] As discussed in reference to Figure 1, the non-ionic, alkali-polymer solution or
slug 17 used in flooding techniques for enhanced oil recovery in reservoirs comprises a non-
ionic chemical, an alkali, and a polymer in an aqueous solution. Typically, the aqueous
solution comprises from about 500 to about 10,000 ppm total dissolved solids, such about
2,000 to about 8,000 ppm, about 1,000 ppm to about 5,000 ppm, or about 5,000 to about

9,500 ppm. The optimal composition of the non-ionic alkali polymer solution will vary based
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on the nature of the oil that is being recovered and the nature of reservoir that it is being
recovered from. Furthermore, the non-ionic chemical varies with each formation/oil type and

is tailored in terms of the number of alkoxy groups, such as EO, PO, or BO repeating units.
Depending upon the reservoir salinity, temperature and oil composition the non-ionic
chemical will have different HLB’s (Hydrophilic-Lipophilic-Balance) as a result of varying
alkoxy groups. The amounts of the components may be according to the ranges listed above

for each component.

[0065] For each reservoir operation, an optimal salinity can be determined, and slug 17
can be mixed in order to work most effectively at that salinity. Such methods for achieving
optimal salinity are described and taught by "Identification and Evaluation of High-Performance
EOR Surfactants," D. B. Levitt, A. C. Jackson, C. Heinson, L. N. Britton, T. Malik, V.
Dwarakanath, and G. A. Pope, SPE/DOE Symposium on Improved Oil Recovery (SPE
100089), 22-26 Apr. 2006, Tulsa, Okla., USA, 2006. In an embodiment, the non-ionic alkali
polymer solution may have a salt tolerance of at least 1.25 times the optimal salinity with alkali
at a water-oil ratio of 9:1. The formulation of slug 17 is typically responsive to the amount of
electrolytes associated with the reservoir and/or the water (mixing with produced water or fresh).
[0066] In an embodiment, the non-ionic alkali polymer solution will exhibit a cloud point
temperature higher than surface temperatures and the temperatures within the subsurface
reservoir for which it is to be injected. For example, the cloud point temperature may be between
0 and 150 Degrees Celsius.

[0067] In an embodiment, the non-ionic chemical will exhibit a high HLB (Hydrophillic-
Lipophillic-Balance) to account for the reservoir salinity, temperature and oil composition. For
example, the HLB may be greater than ten.

[0068] In an embodiment, the non-ionic alkali polymer solution creates in-situ soap, such that
the interfacial tension (IFT) between the water and oil in the reservoir is less than about 0.005
dynes/cm, such as in a range of about 0.005 to about 0.0001 dynes/cm, about 0.004 to about
0.001 dynes/cm, or about 0.003 to about 0.0005 dynes/cm.

[0069] Referring to FIG. 3, a driver or chaser slug 23 is injected through injection
well 11 into reservoir 13 to displace the previously injected fluids such as slug 17. In one
embodiment, chaser slug 23 contains polymer in order increase pressure to drive or push the
hydrocarbons, which are typically in the form of a microemulsion at this point, toward
production well 15. The polymer used in chaser slug 23 can be the same polymer used in

slug 17, or a different polymer. Examples of polymers for chaser slug 23 include Flopaam™
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AN125 and Flopaam™ 3630S. In one embodiment, multiple chaser slugs 23 can be injected.
For example, a first chaser slug 23 containing a small amount of polymer can be injected and
then followed by a second chaser slug 23 containing a larger amount of polymer.

[0070] In some embodiments, slug 17, chaser slug 23, or a combination thereof, can
include a chelant or chelating agent. Chelants may be used to complex with the alkali metal
and soften the water in the solution. The salinity of the non-ionic alkali polymer solution
may be optimized for the particular subterranean reservoir by adjusting a number of chelating
ligands in the chelating agent, such as alkoxylate groups if the chelant is EDTA
(“ethylenediaminetetraacetic acid”). EDTA is just one example of a suitable chelant, another
example of a chelant is MGDA (“methylglycinediacetic acid”). Typically chelants are only
utilized to handle hard brines. The amount of chelant in the non-ionic, alkali-polymer
solution may be selected based on the amount divalent ions in the solution. For example,
chelating agents can be used at 1:1 molar ratio with divalent cations such as calcium (Ca *")
or magnesium (Mg *"). Other chelating agents may work depending on the brine
composition and the desired pH. However, many inorganic chelating agents, once
complexed with divalent ions, have poor water solubility.

[0071] In some embodiments, slug 17, chaser slug 23, or a combination thereof, can also
include a secondary surfactant or co-surfactant, and a co-solvent. Secondary surfactants and
co-solvents are optional, and typically no secondary surfactant or co-solvents are included.
Furthermore, the non-ionic, alkali-polymer solution can be free of anionic surfactant. The
optional secondary surfactant can be an ionic surfactant and may, for example, have the

general formula:

e
ol )

Lo

wherein R, is hydrogen or an alkyl group containing from about 1 to 3 carbon atoms; R, is

R3

hydrogen or an alkyl group having from about 1 to 3 carbon atoms; R3 is an alkyl group
having from about 8 to about 60 carbon atoms, and M is a mono-valent cation. In one

embodiment, M is an alkali metal, ammonium, or substituted ammonium.
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[0072] Examples of substituted ammonium include ammonium independently substituted
with from about 1 to about 4 aliphatic or aromatic hydrocarbyl groups having from about 1 to
about 15 carbon atoms, such as alkyl, aryl, alkaryl and aralkyl, and optionally having one or
more heteroatoms, such as nitrogen, oxygen or sulfur, which may be present in aliphatic or
aromatic heterocyclic rings. Examples of suitable heterocyclic ring substituents include
pyrrole, pyrrolidine, pyridine, pyrimidine, pyrazole, imidazole and quinoline.  The
heterocyclic ring substituent may be substituted on the ammonium moiety through a carbon
atom in the heterocyclic ring, such as in a C-pyridyl-substituted ammonium, or, alternatively,
the quaternary ammonium nitrogen itself may be a nitrogen atom in the heterocyclic ring,
such as in a pyridinium ion.

[0073] In one embodiment, R; and R, are methyl and the alkylaromatic moiety is
alkylxylene. For example, the alkylxylene moiety is alkyl-ortho-xylene.

[0074] In another embodiment, the alkylaromatic moiety is alkyl-meta-xylene.

[0075] An example secondary anionic surfactant is an alkylaromatic sulfonate salt
obtained by the alkylation of an aromatic compound. In an embodiment, the aromatic
compound is benzene, toluene, xylene, or mixtures thercof, such as toluene, xylene, or
mixtures thereof. If xylene is employed, the xylene compound may comprise ortho-, meta-,
or para-xylene, or mixtures thereof.

[0076] Typically, the aromatic compound is alkylated with a mixture of normal alpha
olefins (NAQ's) containing from C8-C60 carbon atoms, C10-C50 carbon atoms, or from
C12-C40 carbon atoms to yield an aromatic alkylate. The alkylate is sulfonated to form an
alkylaromatic sulfonic acid which is then neutralized with caustic thereby producing a
sodium alkylaromatic sulfonate compound. For example, the alkylate may be made by the
alkylation of ortho-xylene which produces an alkylate containing several isomers, but in
which at least 90 wt. % of the alkylate is the 1, 3, 4-ring attachment structure, having 40 to
60 wt. % 2-alkyl attachment to the aromatic ring (i.e., wherein the longest alkyl chain is
attached to the aromatic ring at the 2-position on the alkyl chain), such as about 45 to about
55 wt. % 2-alkyl attachment, or about 50 wt. % 2-alkyl attachment to the aromatic ring. The
alkylate may contain from about 1 to about 20 wt. % dialkylate species, such as less than
about 10 wt. % dialkylate species. In an embodiment, at least about 95 wt. % or at least
about 98 wt. % of the alkylate contains the 1, 3, 4-ring attachment structure. Upon
sulfonation of the alkylate, a mixture of alkylaromatic sulfonic acid isomers are formed and

the isomer may be the 2-alkyl-4,5-dimethyl benzene sulfonic acid isomer where the amount

15



WO 2012/054150 PCT/US2011/051307

of this sulfonic acid isomer is present in an amount of from about 1 to about 90 wt. %, such
as in an amount of from about 10 to about 80 wt. %, or in amount of at least about 70 wt. %.
[0077] At least one aromatic compound or a mixture of aromatic compounds may be used
for the alkylation reaction. In an embodiment, the at least one aromatic compound or the
aromatic compound mixture comprises at least one of monocyclic aromatics, such as
benzene, toluene, xylene, cumene or mixtures thereof. For example, the at least one aromatic
compound or aromatic compound mixture is xylene, including all isomers (i.c., meta ortho-
and para-), and mixtures thereof.

[0078] The at least one aromatic compound or the mixture of aromatic compounds is
commercially available or may be prepared by methods that are well known in the art.

[0079] The olefins employed to make the example anionic surfactant may be derived
from a variety of sources. Such sources include the normal alpha olefins, linear alpha olefins,
isomerized linear alpha olefins, dimerized and oligomerized olefins, and olefins derived from
olefin metathesis. Another source from which the olefins may be derived is through cracking
of petroleum or Fischer-Tropsch wax. The Fischer-Tropsch wax may be hydrotreated prior
to cracking. Other commercial sources include olefins derived from paraffin
dehydrogenation and oligomerization of ecthylene and other olefins, methanol-to-olefin
processes (methanol cracker) and the like.

[0080] In one embodiment, the aromatic compound may be alkylated with a mixture of
normal alpha olefins (NAOs) containing from C8-C60 carbon atoms, such as from C10-C50
carbon atoms, or from C12-C40 carbon atoms to yield the primary surfactant alkylate.

[0081] The normal alpha olefins employed to make the secondary surfactant are
commercially available or may be prepared by methods that are well known in the art.

[0082] The olefins may be linear, isomerized linear, branched or partially branched. The
olefin may be a single carbon number olefin, or it may be a mixture of linear olefins, a
mixture of isomerized linear olefins, a mixture of branched olefins, a mixture of partially
branched olefins, or a mixture of any of the foregoing.

[0083] The olefins may selected from olefins with carbon numbers ranging from about 8
carbon atoms to about 60 carbon atoms. The olefins may be selected from olefins with
carbon numbers ranging from about 10 to about 50 carbon atoms, such as from about 12 to
about 40 carbon atoms.

[0084] In another embodiment, the olefin or the mixture of olefins is selected from linear

alpha olefins or isomerized olefins containing from about 8 to about 60 carbon atoms. For

16



WO 2012/054150 PCT/US2011/051307

example, a mixture of olefins is selected from linear alpha olefins or isomerized olefins
containing from about 10 to about 50 carbon atoms. In an embodiment, the mixture of
olefins is selected from linear alpha olefins or isomerized olefins containing from about 12 to
about 40 carbon atoms.

[0085] The mixture of branched olefins may be selected from polyolefins which may be
derived from C3 or higher monoolefins (i.c., propylene oligomers, butylenes oligomers, or
co-oligomers etc.). For example, the mixture of branched olefins is either propylene
oligomers or butylenes oligomers or mixtures thereof.

[0086] The linear olefins that may be used for the alkylation reaction may be one or a
mixture of normal alpha olefins selected from olefins having from about 8 to about 60 carbon
atoms per molecule. For example, the normal alpha olefin is selected from olefins having
from about 10 to about 50 carbon atoms per molecule. In an embodiment, the normal alpha
olefin is selected from olefins having from about 12 to about 40 carbon atoms per molecule.
[0087] In one embodiment, the normal alpha olefins are isomerized using a solid or a
liquid acid catalyst. A solid catalyst may have at least one metal oxide and an average pore
size of less than 5.5 angstroms. In an embodiment, the solid catalyst is a molecular sieve
with a one-dimensional pore system, such as SM-3, MAPO-11, SAPO-11, SSZ-32, ZSM-23,
MAPO-39, SAPO-39, ZSM-22 or SSZ-20. Other possible acidic solid catalysts useful for
isomerization include ZSM-35, SUZ-4, NU-23, NU-87 and natural or synthetic ferrierites.
These molecular sieves are well known in the art and are discussed in Rosemarie Szostak's
Handbook of Molecular Sieves (New York, Van Nostrand Reinhold, 1992) which is herein
incorporated by reference for all purposes. A liquid type of isomerization catalyst that can be
used is iron pentacarbonyl (Fe(CO)s).

[0088] Methods for synthesizing such surfactants are disclosed in U.S. 2009/0151941,
which is incorporated herein by reference.

[0089] An example of a secondary surfactant for slug 17 is "CS2000A," which is
produced by and available from Chevron Oronite Company LLC.

[0090] In another embodiment, the non-ionic alkali polymer solution may also contain a
secondary surfactant with the general formula:

R4-SO:X

wherein R4 is an aliphatic hydrocarbyl group having from about 12 to about 40 carbon atoms,

and having from about 20 to 98 weight percent branching, and containing one or more olefin
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or alcohol moieties or mixtures thercof; and X is a mono-valent cation. In one embodiment,
X is an alkali metal, ammonium or substituted ammonium.

[0091] Examples of substituted ammonium include ammonium independently substituted
with from about 1 to about 4 aliphatic or aromatic hydrocarbyl groups having from about 1 to
about 15 carbon atoms, such as alkyl, aryl, alkaryl and aralkyl, and optionally having one or
more heteroatoms, such as nitrogen, oxygen or sulfur, which may be present in aliphatic or
aromatic heterocyclic rings. Examples of suitable heterocyclic ring substituents include
pyrrole, pyrrolidine, pyridine, pyrimidine, pyrazole, imidazole and quinoline.  The
heterocyclic ring substituent may be substituted on the ammonium moiety through a carbon
atom in the heterocyclic ring, such as in a C-pyridyl-substituted ammonium, or, alternatively,
the quaternary ammonium nitrogen itself may be a nitrogen atom in the heterocyclic ring,
such as in a pyridinium ion.

[0092] The secondary surfactant may be an isomerized olefin sulfonate (I0S) made by
the sulfonation of an isomerized alpha olefin (IAO) in which the IAO is made by the
isomerization of C12-C40 normal alpha olefins (NAO), such as C20-C28 normal alpha
olefins, or C20-C24 normal alpha olefins.

[0093] In one embodiment, R4 is derived from a partially isomerized alpha olefin
containing a residual alpha olefin content.

[0094] The TAO comprises from about 12 to about 40 carbon atoms, such as from about
20 to about 28 carbon atoms, or from about 20 to about 24 carbon atoms.

[0095] The TAO is composed of between from about 20 to about 98 wt. % branching,
such as about 45 to about 80 wt. % branching, or from about 60 to about 70 wt. % branching
and between from about 0.1 to about 30 wt. % residual alpha olefin, such as between from
about 0.2 to about 20 wt. % residual alpha olefin, or between from about 0.5 to about 10 wt.
% residual alpha olefin species.

[0096] In one embodiment, the TAO is composed of at least about 23% branching, at least
about 9% residual alpha olefin, and having from about 20 to about 24 carbon atoms.

[0097] In another embodiment, the IAO is composed of at least about 65% branching, at
least about 0.2-0.5 residual alpha olefin and having from about 20 to about 24 carbon atoms.
[0098] In one embodiment, when the percent branching in the partially isomerized alpha
olefin is less than or equal to 25 weight percent, then the residual alpha olefin content in such

partially isomerized alpha olefin is greater than or equal to 8 weight percent.
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[0099] Further information on the isomerization and sulfonation of the surfactants
discussed herein is disclosed in U.S. 2009/0151941, which is incorporated herein by
reference.

[0100] With regard to M and X in the anionic surfactants, M and X are independently
mono-valent cations, and may be independently selected from alkali metal, ammonium, and
substituted ammonium.

[0101] An example of a secondary surfactant for slug 17 is "CS1500," which is produced
by and available from Chevron Oronite Company LLC.

[0102] The secondary surfactant may be present in an amount of from about 0.1 to 3.0
weight percent actives, such as about 0.3 to about 2.0 wt. % actives, or about 0.5 wt. % to
about 0.75 wt.% actives.

[0103] Suitable co-solvents are alcohols, such as lower carbon chain alcohols like
isopropyl alcohol, ethanol, n-propyl alcohol, n-butyl alcohol, sec-butyl alcohol, n-amyl
alcohol, sec-amyl alcohol, n-hexyl alcohol, sec-hexyl alcohol and the like; alcohol ethers,
polyalkylene  alcohol  ethers, polyalkylene  glycols, poly(oxyalkylene)glycols,
poly(oxyalkylene)glycols ethers or any other common organic co-solvent or combinations of
any two or more co-solvents. For example, in an embodiment, an ether, ethylene glycol butyl
cther (EGBE), is used and typically is about 3 wt. % of slug 17. Generally, the co-solvent
when used may be present in an amount of about 0.5 to about 6.0 weight percent of the

solution, such as from about 1.0 to about 4.0 wt. %, or about 2.5 to about 3 wt. %.

EXAMPLES

[0104] Core flood experiments were conducted according to known laboratory methods
utilizing five formulations of non-ionic, alkali-polymer solution or slug 17 utilizing different
non-ionic chemicals for each experiment. Each core sample was waterflooded to irreducible
oil saturations, which ranged from 24.6 % to 39.5 %. Following the waterflood, each core
sample was flooded with slug 17.

[0105] Figure 4 shows the oil cut, oil saturation, and cumulative oil recovery for pore
volumes injected of slug 17 for Experiment A. Figure 5 shows the oil cut, oil saturation, and
cumulative oil recovery for pore volumes injected of slug 17 for Experiment B. Figure 6
shows the oil cut, oil saturation, and cumulative oil recovery for pore volumes injected of
slug 17 for Experiment D. Figure 7 shows the oil cut, oil saturation, and cumulative oil

recovery for pore volumes injected of slug 17 for Experiment E.
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[0106] In each of the core floods, the irreducible oil saturations after slug 17 were greatly
reduced and cumulative oil recoveries were increased. The Table below reports the

experimental results of each core flood:

. SO]‘ SO]‘C :
Experiment After Waterflood | After Slug 17 Cum. Oil Rec. %
A 39.50% 4.20% 89.0%

B 24.6% 0.8% 96.9%
C 35.9% 4.9% 95.6%
D 39.5% 3.7% 89.4%
E 37.5% 3.1% 91.6%

In these five examples, the formulations of non-ionic, alkali-polymer solution or slug 17 were
effective in reducing the oil saturation in core to less than five percent (<5%). Furthermore,
cach example resulted in a high cumulative oil recovery (= 89%), which is comparable to the
performance of the top performing previously known surfactant systems but at a reduced total
chemical requirement. Accordingly, the methods disclosed herein are able to successfully
enhance oil recovery at a reduced cost.

[0107] While in the foregoing specification this invention has been described in relation
to certain embodiments thercof, and many details have been set forth for purpose of
illustration, it will be apparent to those skilled in the art that the invention is susceptible to
alteration and that certain other details described herein can vary considerably without

departing from the basic principles of the invention.
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What is claimed is:
1. A method for enhancing oil recovery, comprising:

(a) providing a subsurface reservoir containing hydrocarbons therewithin;

(b) providing a wellbore in fluid communication with the subsurface reservoir;

(c) forming a solution for injection into the reservoir by mixing a composition with at
least one non-ionic chemical, at least one polymer, and at least one alkali such that the solution is
clear and aqueous stable; and

(d) injecting the solution through the wellbore into the subsurface reservoir.

2. The method of claim 1, wherein the solution formed in step (¢) comprises from about
0.05 to about 1.00 percent by weight non-ionic chemical based on the total weight of the solution.
3. The method of claim 1, wherein the solution formed in step (c) comprises from about 0.1

to about 0.3 percent by weight non-ionic chemical based on the total weight of the solution.

4. The method of claim 1, wherein the solution formed in step (c) is free of anionic
surfactant.
5. The method of claim 1, wherein the solution formed in step (c) has a PVxCx10,000 from

about 3 to about 15 units, where PV represents a dimensionless fraction of pore volumes injected,
C represents a mass fraction of the non-ionic chemical, and 10,000 represents an arbitrary
conversion factor.

6. The method of claim 1, wherein the solution formed in step (c) has a PVxCx10,000 from
about 5 to about 10 units, where PV represents a dimensionless fraction of pore volumes injected,
C represents a mass fraction of the non-ionic chemical, and 10,000 represents an arbitrary

conversion factor.

7. The method of claim 1, wherein the non-ionic chemical is a non-ionic surfactant.
8. The method of claim 1, wherein the non-ionic chemical is an alcohol alkoxylate.
9. The method of claim 1, wherein the non-ionic chemical is selected from the group

consisting of alkylaryl alkoxy alcohols and alkyl alkoxy alcohols.
10. The method of claim 1, wherein a salinity of the solution formed in step (¢) is optimized

for the subsurface reservoir by adjusting a number of alkoxylate groups in the non-ionic chemical.

11.  The method of claim 1, wherein a chelating agent is added to the solution.
12.  The method of claim 11, wherein the chelating agent is ethylenediaminetetraacetic acid
(EDTA).
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13.  The method of claim 1, wherein the solution formed in step (c) has a cloud point
temperature higher than the temperature within the subsurface reservoir.
14.  The method of claim 1, wherein the solution formed in step (c) has a salt tolerance of at
least 1.25 times the optimal salinity with alkali at a water-oil ratio of 9:1.
15.  The method of claim 1, wherein the solution formed in step (c) has an interfacial tension
(IFT) less than about 0.005 dynes/cm.
16. The method of claim 1, wherein the wellbore in step (b) is an injection wellbore
associated with an injection well, and the method further comprises: providing a production well
spaced-apart from the injection well a predetermined distance and having a production wellbore
in fluid communication with the subsurface reservoir, wherein the injection of the solution in step
(d) increases the flow of the hydrocarbons to the production wellbore.
17.  The method of claim 1, wherein in step (d), the solution remains clear upon entering the
subsurface reservoir.
18.  The method of claim 1, further comprising injecting a chaser slug after injecting the
solution in step (d).
19. A method for enhancing oil recovery from a subsurface reservoir, the subsurface reservoir
being in fluid communication with an injection well and a production well, the method
comprising:

forming a solution for injection into the reservoir by mixing a composition including at
least one non-ionic chemical, at least one polymer, and at least one alkali such that the solution is
clear and aqueous stable;

injecting the solution through the injection well into the subsurface reservoir; and

recovering oil present in the subsurface reservoir by the production well.
20.  The method of claim 19, wherein the non-ionic surfactant is an alcohol alkoxylate.
21. A system for enhanced oil recovery comprising;:

a subsurface reservoir containing hydrocarbons therewithin;

a wellbore in fluid communication with the subsurface reservoir; and

a solution for injection into the reservoir including at least one polymer, at least one alkali,
and at least one non-ionic chemical selected from the group consisting of alkylaryl alkoxy
alcohols and alkyl alkoxy alcohols;

wherein the solution is clear and aqueous stable.
22.  The system of claim 21, further comprising a production well in fluid connection with the

subsurface reservoir for recovering the hydrocarbons in the subsurface reservoir.
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2011/051307

A. CLASSIFICATION OF SUBJECT MATTER

E21B 43/22(2006.01)i, CO9K 8/588(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 43/22; F21B 43/24; E21B 43/00; CO9K 7/02; E21B 43/16

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: polymer, alkali, non-ionic chemical, oil recovery

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 04814096 A (EVANT; SYAMALARAD) 21 March 1989 1,2-4,7-9,14-17,189
See abstract and claims 11,12 ,20
Y 11,12
Y US 04359093 A (BERNARD: GEORGE G.) 16 November 1982 11,12

See abstract and claims 1,4

A US 2005-0085397 Al (WANGQI HOU et al.) 21 April 2005 1-22
See abstract and claims 18-21

A US 06022834 A (HSU; OLIVER YESUNG et al.) 08 February 2000 1-22
See abstract and claim 11

|:| Further documents are listed in the continuation of Box C. }X{ See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A"  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E"  earlier application or patent but published on or after the international ~ "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
17 FEBRUARY 2012 (17.02.2012) 20 FEBRUARY 2012 (20.02.2012)
Name and mailing address of the ISA/KR Authorized officer :

Korean Intellectual Property Office
Government Complex-Daejeon, 189 Cheongsa-ro, BAHNG, Seung Hoon
Seo-gu, Daejeon 302-701, Republic of Korea

Facvsimile No. 82-42-472-7140 Telephone No.  82-42-481-8444

Form PCT/ISA/210 (second sheet) (July 2009)
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Information on patent family members PCT/US2011/051307

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 04814096 A 21.03.1989 EP 0057875 A2 18.08. 1982
EP 0057875 A3 29.12.1982
EP 0057875 B1 27.05.1987
JP 02-003435 B 23.01.1990
JP 1577040 C 24.08.1990
JP 57-155280 A 25.09.1982
KR 10-1985-0001784 B1 18.12. 1985
US 04432881 A 21.02.1984

US 04359093 A 16.11.1982 None

US 20050085397 Al 21.04.2005 AR029267A1 18.06.2003
CA 2412697 A1 27.12.2001
CA 2412697 C 01.03.2011
CN 1436272 AC 13.08.2003
US 6828281 B1 07.12.2004
WO 01-08432 A2 27.12.2001
WO 01-98432 A3 11.07.2002

US 06022834 A 08.02.2000 CN 1171282 AC 28.01.1998

Form PCT/ISA/210 (patent family annex) (July 2009)
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