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rock found in a hydrocarbon reservoir of interest and a chemical composition
of oil found in the reservoir of interest. An ion effect on wettability of a con-
tact surface of the rock can be acquired and then used to formulate a tuned
ion solution based on the ion effect on wettability of the contact surface of
the rock. In another possible implementation, an electrolyte solution has an
ionic composition and an ionic concentration configured to enhance recov-
ery of oil from a reservoir. The electrolyte solution includes a content of dir-
ect contact ions including monovalent ions with a static polarizability larger
than a preset limit sufficient to influence a contact surface of a rock in the
reservoir to reach a desired wettability.
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INJECTION FLUID TUNING

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Application Serial No. 14/733580,
filed June 8, 2015, and entitled “Injection Fluid Tuning”, which is incorporated herein by

reference in its entirety.

BACKGROUND

[0002] Current oilfield technologies can only produce a fraction of downhole oil
associated with a well. For example, only 30% of the oil associated with an average well
in the US can be produced. This means that 70% of the downhole oil associated with
existing American wells (an estimated 89 billion barrels) is still waiting to be produced.
[0003] Many organizations around the globe are currently looking into enhanced oil
recovery (EOR) technologies to recover additional oil from existing wells. A variety of
EOR technologies exist that can be tailored in various combinations to increase production
from individual reservoirs.

[0004] However, in the case of carbonate reservoirs, such tailoring efforts can be
complex, often involving extensive trial and error to determine an effective blend of EOR

technologies. Such trial and error can be time consuming and costly.

SUMMARY
[0005] Injection fluid tuning is provided. In one possible implementation, injection
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fluid can be tuned by accessing both surface properties of rock found in a hydrocarbon
reservoir of interest and a chemical composition of oil found in the reservoir of interest.
An 1on effect on wettability of a contact surface of the rock can be acquired and then used
to formulate a tuned ion solution based on the 1on effect on wettability of the contact surface
of the rock.

[0006] In another possible implementation, an electrolyte solution has an ionic
composition and an ionic concentration configured to enhance recovery of oil from a
reservoir. The electrolyte solution includes a content of direct contact ions including
monovalent ions with a static polarizability larger than a preset limit sufficient to influence
a contact surface of a rock in the reservoir to reach a desired wettability.

[0007] In another possible implementation, a computer-readable tangible medium
includes instruction that direct a processor to access one or more properties of a type of
rock in a hydrocarbon reservoir. Instructions are also present that direct the processor to
acquire an ion effect on wettability of a contact surface of the rock and formulate a tuned
ion solution with a content of direct contact ions sufficient to increase a water wetness of
the contact surface of the rock.

[0008] This summary is not intended to identify key or essential features of the
claimed subject matter, nor is it intended to be used as an aid in limiting the scope of the

claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0009] Features and advantages of the described implementations can be more readily
understood by reference to the following description taken in conjunction with the
accompanying drawings.

[0010] Fig. 1 illustrates an example wellsite in which embodiments of injection fluid
tuning can be employed;

[0011] Fig. 2 illustrates an example computing device that can be used in accordance
with various implementations of injection fluid tuning;

[0012] Fig. 3 illustrates various ion effects on interfacial surface tension in accordance
with implementations of injection fluid tuning;

[0013] Fig. 4 illustrates various effects of ion pairing with surface groups in

accordance with implementations of injection fluid tuning;

[0014] Fig. 5 illustrates an example method associated with injection fluid tuning; and

[0015] Fig. 6 illustrates an example method associated with injection fluid tuning;
DETAILED DESCRIPTION

[0016] In the following description, numerous details are set forth to provide an

understanding of some embodiments of the present disclosure. However, it will be
understood by those of ordinary skill in the art that the system and/or methodology may be
practiced without these details and that numerous variations or modifications from the
described embodiments may be possible.

[0017] Additionally, some examples discussed herein involve technologies associated

with the oilfield services industry. It will be understood however that the techniques of
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Injection fluid tuning may also be useful in a wide range of industries outside of the oilfield
services sector, including for example, mining, geological surveying, medical imaging, etc.
[0018] As described herein, various techniques and technologies associated with
injection fluid tuning can facilitate the design of a tuned ion solution configured to improve
oil recovery from a reservoir by altering a surface wettability of rock in the reservoir and/or
modifying a surface energy between a crude oil and the tuned ion solution. In one possible
implementation, the tuned ion solution can have a defined ion content. In another possible
implementation, the tuned ion solution can have a defined ion content and a defined
salinity.

[0019] In another possible implementation, an ion chemical composition and
concentration of ions in the tuned ion solution can be tailored for a variety of well/reservoir
conditions, including, for example, temperature, pressure, chemical composition of oil in
the reservoir, brine pH, rock geometry (including pore size distribution) and chemical

structure of reservoir minerals, etc.

Example Wellsite

[0020] Fig. 1 illustrates a wellsite 100 in which embodiments of Injection fluid tuning
can be employed. Wellsite 100 can be onshore or offshore. In this example system, a
borehole 102 is formed in a subsurface formation by rotary drilling in a manner that is well
known. Embodiments of Injection fluid tuning can also be employed in association with
wellsites where directional drilling is being conducted.

[0021] A drill string 104 can be suspended within borehole 102 and have a bottom
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hole assembly 106 including a drill bit 108 at its lower end. The surface system can include
a platform and derrick assembly 110 positioned over the borehole 102. The assembly 110
can include a rotary table 112, kelly 114, hook 116 and rotary swivel 118. The drill string
104 can be rotated by the rotary table 112, energized by means not shown, which engages
kelly 114 at an upper end of drill string 104. Drill string 104 can be suspended from hook
116, attached to a traveling block (also not shown), through kelly 114 and a rotary swivel
118 which can permit rotation of drill string 104 relative to hook 116. As is well known, a
top drive system can also be used.

[0022] In the example of this embodiment, the surface system can further include
drilling fluid or mud 120 stored in a pit 122 formed at wellsite 100. A pump 124 can deliver
drilling fluid 120 to an interior of drill string 104 via a port in swivel 118, causing drilling
fluid 120 to flow downwardly through drill string 104 as indicated by directional arrow
126. Drilling fluid 120 can exit drill string 104 via ports in drill bit 108, and circulate
upwardly through the annulus region between the outside of drill string 104 and wall of the
borehole 102, as indicated by directional arrows 128. In this well-known manner, drilling
fluid 120 can lubricate drill bit 108 and carry formation cuttings up to the surface as drilling
fluid 120 is returned to pit 122 for recirculation.

[0023] Bottom hole assembly 106 of the illustrated embodiment can include drill bit
108 as well as a variety of equipment 130, including a logging-while-drilling (LWD)
module 132, a measuring-while-drilling (MWD) module 134, a roto-steerable system and
motor, various other tools, etc.

[0024] In one possible implementation, LWD module 132 can be housed in a special
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type of drill collar, as is known in the art, and can include one or more of a plurality of
known types of logging tools (e.g., a nuclear magnetic resonance (NMR system), a
directional resistivity system, and/or a sonic logging system). It will also be understood
that more than one LWD and/or MWD module can be employed (e.g. as represented at
position 136). (References, throughout, to a module at position 132 can also mean a
module at position 136 as well). LWD module 132 can include capabilities for measuring,
processing, and storing information, as well as for communicating with surface equipment.
[0025] MWD module 134 can also be housed in a special type of drill collar, as is
known in the art, and include one or more devices for measuring characteristics of the well
environment, such as characteristics of the drill string and drill bit. MWD module 134 can
further include an apparatus (not shown) for generating electrical power to the downhole
system. This may include a mud turbine generator powered by the flow of drilling fluid
120, it being understood that other power and/or battery systems may be employed. MWD
module 134 can include one or more of a variety of measuring devices known in the art
including, for example, a weight-on-bit measuring device, a torque measuring device, a
vibration measuring device, a shock measuring device, a stick slip measuring device, a
direction measuring device, and an inclination measuring device.

[0026] Various systems and methods can be used to transmit information (data and/or
commands) from equipment 130 to a surface 138 of the wellsite 100. In one
implementation, information can be received by one or more sensors 140. The sensors 140
can be located in a variety of locations and can be chosen from any sensing and/or detecting

technology known in the art, including those capable of measuring various types of
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radiation, electric or magnetic fields, including electrodes (such as stakes), magnetometers,
coils, etc.

[0027] In one possible implementation, sensors 140 receive information from
equipment 130, including LWD data and/or MWD data, which can be utilized for a variety
of purposes including steering drill bit 108 and any tools associated therewith,
characterizing a formation surrounding borehole 102, characterizing fluids within wellbore
102, etc.

[0028] In one implementation a logging and control system 142 can be present.
Logging and control system 142 can receive and process a variety of information from a
variety of sources, including equipment 130. Logging and control system 142 can also
control a variety of equipment, such as equipment 130 and drill bit 108.

[0029] Logging and control system 142 can also be used with a wide variety of oilfield
applications, including logging while drilling, artificial lift, measuring while drilling,
wireline, etc. Also, logging and control system 142 can be located at surface 138, below
surface 138, proximate to borehole 102, remote from borehole 102, or any combination
thereof.

[0030] Alternately, or additionally, information received by sensors 140 can be
processed at one or more other locations, including any configuration known in the art,
such as in one or more handheld devices proximate and/or remote from the wellsite 100, at
a computer located at a remote command center, in the logging and control system 142
itself, etc.

[0031] In one possible implementation, one or more injection wells similar to borehole
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102 can exist in proximity to wellsite 100. Injection fluids, such as the tuned ion solution
disclosed herein, can be injected into these adjacent wells such that the injection fluid can
migrate through reservoir 144 to borehole 102, improving production of oil from reservoir

144 into wellbore 102.

Example Computing Device

[0032] Fig. 2 illustrates an example device 200, with a processor 202 and memory 204
for hosting a tuning module 206 configured to implement various embodiments of injection
fluid tuning as discussed in this disclosure. Memory 204 can also host one or more
databases and can include one or more forms of volatile data storage media such as random
access memory (RAM), and/or one or more forms of nonvolatile storage media (such as
read-only memory (ROM), flash memory, and so forth).

[0033] Device 200 is one example of a computing device or programmable device,
and 1s not intended to suggest any limitation as to scope of use or functionality of device
200 and/or its possible architectures. For example, device 200 can comprise one or more
computing devices, programmable logic controllers (PLCs), etc.

[0034] Further, device 200 should not be interpreted as having any dependency
relating to one or a combination of components illustrated in device 200. For example,
device 200 may include one or more of a computer, such as a laptop computer, a desktop

computer, a mainframe computer, etc., or any combination or accumulation thereof.
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[0035] Device 200 can also include a bus 208 configured to allow various components
and devices, such as processors 202, memory 204, and local data storage 210, among other
components, to communicate with each other.

[0036] Bus 208 can include one or more of any of several types of bus structures,
including a memory bus or memory controller, a peripheral bus, an accelerated graphics
port, and a processor or local bus using any of a variety of bus architectures. Bus 208 can
also include wired and/or wireless buses.

[0037] Local data storage 210 can include fixed media (e.g., RAM, ROM, a fixed hard
drive, etc.) as well as removable media (e.g., a flash memory drive, a removable hard drive,
optical disks, magnetic disks, and so forth).

[0038] One or more input/output (I/O) device(s) 212 may also communicate via a user
interface (UI) controller 214, which may connect with I/O device(s) 212 either directly or
through bus 208.

[0039] In one possible implementation, a network interface 216 may communicate
outside of device 200 via a connected network, and in some implementations may
communicate with hardware, such as one or more sensors 140, etc.

[0040] In one possible embodiment, sensors 140 may communicate with system 200
as input/output device(s) 212 via bus 208, such as via a USB port, for example.

[0041] A media drive/interface 218 can accept removable tangible media 220, such as
flash drives, optical disks, removable hard drives, software products, etc. In one possible

implementation, logic, computing instructions, and/or software programs comprising
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elements of tuning module 206 may reside on removable media 220 readable by media
drive/interface 218.

[0042] In one possible embodiment, input/output device(s) 212 can allow a user to
enter commands and information to device 200, and also allow information to be presented
to the user and/or other components or devices. Examples of input device(s) 212 include,
for example, sensors, a keyboard, a cursor control device (e.g., a mouse), a microphone, a
scanner, and any other input devices known in the art. Examples of output devices include
a display device (e.g., a monitor or projector), speakers, a printer, a network card, and so
on.

[0043] Various processes of tuning module 206 may be described herein in the general
context of software or program modules, or the techniques and modules may be
implemented in pure computing hardware. Software generally includes routines,
programs, objects, components, data structures, and so forth that perform particular tasks
or implement particular abstract data types. An implementation of these modules and
techniques may be stored on or transmitted across some form of tangible computer-
readable media. Computer-readable media can be any available data storage medium or
media that 1s tangible and can be accessed by a computing device. Computer readable
media may thus comprise computer storage media. “Computer storage media” designates
tangible media, and includes volatile and non-volatile, removable and non-removable
tangible media implemented for storage of information such as computer readable
instructions, data structures, program modules, or other data. Computer storage media

include, but are not limited to, RAM, ROM, EEPROM, flash memory or other memory
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technology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or any
other tangible medium which can be used to store the desired information, and which can

be accessed by a computer.

Example System(s)

[0044] Surface wettability of rocks in a reservoir, such as reservoir 144, can be a factor
in oil production. For example, more than 80% of carbonate rock formations are moderate
to strongly oil-wet. In one possible implementation, a rock surface can become oil-wet (or
more oil-wet) through adsorption of polar compounds, such as those found in oil. Polar
compounds can include, for example, carboxylic acids, naphthenic acids, asphaltenes, etc.
In some instances, adsorption of polar compounds can alter the originally hydrophilic
properties of a rock surface to a more hydrophobic nature. This can lower oil relative
permeability and result in poor displacement efficiency of oil in the reservoir.

[0045] Fig. 3 illustrates various ion effects on interfacial surface tension in accordance
with implementations of injection fluid tuning. Graphs 302 and 304 plot ion concentration
(vertical axis) versus perpendicular distance from a contact surface 306 (horizontal axis).
Ion concentration can be measured and/or represented in any units possible, including, for
example, moles/liter, etc. In one possible implementation, contact surface 306 can include
the surface of a rock in reservoir 144, including, for example, the inside of a pore, fissure,
crack, etc. In another possible implementation, contact surface 306 can include any

compartment where ion concentration is low and/or close to zero (including, for example,

11



WO 2016/200605 PCT/US2016/033991

a non-polar fluid such as oil, etc.).

[0046] Graph 302 illustrates a condition in which an ion concentration at contact
surface 306 is enriched in comparison to an average bulk value ion concentration 310 in a
fluid contacting contact surface 306. Graph 304 illustrates a depletion of ion concentration
at contact surface 306 in comparison to average bulk value ion concentration 310 in a fluid
contacting contact surface 306.

[0047] Molecular-scale pictures 312, 314 illustrate ion distribution at an interfacial
layer 320 defined by contact surface 306 and a tuned ion solution 322 in contact with
contact surface 306. In one possible implementation, tuned ion solution fluid 322 can be
engineered to affect a wettability of contact surface 306. In another possible
implementation, tuned ion solution fluid 322 can be engineered to affect a level of
interfacial energy between oil and tuned ion solution 322. In yet another possible
implementation, tuned ion solution fluid 322 can be engineered to affect a wettability of
contact surface 306 and a level of interfacial energy between oil and tuned ion solution
322. It will be understood that in some implementations, well fluids (including oil, water,
etc.) may also be present in, and/or in addition to, tuned ion solution 322.

[0048] In one possible implementation, tuned ion solution 322 can be an aqueous
solution engineered to have a specific ionic composition with a specific content of ions.
For example, in one possible embodiment, a specific content of direct contact ions suitable
for making direct contact with charged groups of ions on contact surface 306 can be present
to encourage the creation of a water-wet condition on contact surface 306. Interfacial

properties of ions (including, for example, their surface affinity) can depend on a
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polarizability of the ions. Therefore, in one possible embodiment, direct contact ions can
include any anions with static polarizability larger than 3.4x10° m* and/or any cations
with static polarizability larger than 1.9x10° m?. For instance, direct contact ions can
include any cations and/or anions larger than a chloride ion, such as, for example, bromide
1ons, 10dide 1ons, etc.

[0049] In another possible embodiment, a specific content of non-contact ions
engineered to stay separated from charged groups of ions on contact surface 306, can be

present, such that a wetness condition of contact surface 306 is not affected by tuned ion

solution 322.

[0050] In one possible aspect, tuned ion solution 322 can also have an engineered
salinity range.

[0051] Tuned ion solution 322 can be placed in contact with contact surface 306

through various techniques, including water flooding.

[0052] As shown in graph 302 and picture 312, in one possible implementation, if a
concentration of ions 324 in fluid 322 is enriched at interface 320 compared to an average
concentration of the ions 324 in bulk value 310, a decrease in surface tension can result.
[0053] In another possible implementation, as shown in graph 304 and picture 314, if
1ons 324 are depleted from contact surface 306 compared to an average bulk concentration
of 1ions 324 in bulk value 310, an increase in surface tension can result.

[0054] In some possible implementations, surface wettability of contact surface 306
can act to restrict access and/or cause earlier water breakthrough to oil reserves in reservoir

144. In one possible embodiment, oil-wetness of contact surface 306 can be overcome by
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directly altering one or more surface properties of the rock to make contact surface 306
water-wet. This can reduce drag forces and capillary number, supporting water imbibition
into pores in the rock by positive capillary pressure, thus improving oil recovery from
reservoir 144.

[0055] In one possible implementation, injection of tuned ion solution 322 into
reservoir 144 can reduce a concentration of adsorbed polar species (such as carboxylic
acids, asphaltenes, etc.) on contact surface 306 in reservoir 144, including rock surfaces
within pore matrices.

[0056] Injection of tuned ion solution 322 into reservoir 144, can also reduce a
possibility of further polar species adsorption by rock in reservoir 144. In one possible
aspect, this can increase a mobility of oil in a formation in reservoir 144 due to wettability
alteration of surfaces 306 in the formation from oil-wet to water-wet, allowing the oil to be
more easily removed from pores in the rock.

[0057] In one possible embodiment, a combination of ions in tuned ion solution 322
can lead to “cooperative work™ of ions 324 in altering a wettability of a mineral, such as,
for example, calcite. For example, affinities between materials such as sulfate, calcium,
magnesium, sodium, etc., can change a morphology of contact surface 306 when the
materials are present in various ratios.

[0058] In one possible embodiment, a tuned 1on solution 322 with a low salinity (such
as, for example, 5 kppm of monovalent ions and 1 kppm of similar monovalent ions) can
encourage recovery of oil from rock in reservoir 144. In one possible aspect, tuned ion

solution 322 can include a brine mixture with a low salinity along with an engineered
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content of direct contact ions to create conditions on contact surface 306 that are more
amenable to increasing recovery of oil from reservoir 144 by helping to mobilize residual
oil in the rock within reservoir 144.

[0059] In one possible embodiment, the effect of a particular ion composition on an
interfacial surface tension of tuned ion solution 322 can be associated with adsorption or
desorption of ions at interface 320 of tuned 1on solution 322 and contact surface 306. For
instance, different 1onic species in tuned ionic solution 322 can influence interfacial surface
tension of polar and non-polar fluids and their mixtures/dispersions in various ways. For
example direct contact ions can decrease surface tension while non-contact ions can
increase surface tension. In one possible aspect, factors such as temperature, pressure,
chemical composition, pH of tuned ion solution 322 in which the ions 324 are found,
concentration of ions 324 and overall chemical composition of tuned ion solution 322, etc.,
can also have an effect on the surface tension.

[0060] In one possible embodiment, ion adsorption/desorption can be influenced by
an affinity of ions 324 to interface 320 as well as an affinity of ions 324 to specific chemical
groups on contact surface 306. In one aspect, charges of chemical groups on contact
surface 306 can contribute to this influence.

[0061] In one possible implementation, some ions 324 can make direct ion pairs with
chemical groups on contact surface 306. In one aspect, a concentration of ions 324 on
contact surface 306 can be enriched in proportion to the chemical groups available on
contact surface 306. Other 1ons 324 may not be able to make a direct ion pair due to solvent

effects (for example, polar solvents may interact with charged chemical groups on contact
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surface 306 leading to a desolvation penalty).

[0062] Fig. 4 illustrates various effects of ion pairing with surface groups in
accordance with implementations of injection fluid tuning. In one possible
implementation, such as shown in illustration 402, direct ion pair formation can occur when
direct contact 1ons 404 in tuned ion solution 322 exhibit a strong enough affinity to ions
406 at contact surface 306 to make direct contact with ions 406. In such a case, direct
contact ions 404 can come from tuned ion solution 322 and substitute solvent at the charged
ions 406.

[0063] In another possible implementation, such as shown in illustration 408, solvent-
separated 1on interactions can result when non-contact ions 410 in tuned ion solution 322
exhibit a low enough affinity to ions 406 at contact surface 306 such that the non-contact
1ons 410 stay in solution and do not substitute solvent at the 1ons 406. It will be understood
that non-contact ions 410, direct contact 1ons 404, as well as ions 406 at contact surface
306 may be of any polarity, and not just those shown in Fig. 4. Moreover non-contactions
410 and direct contact ions 404 can comprise ions 324.

[0064] In one possible implementation, ion effects on interfacial surface tension can
be determined by one or more of ion-ion, ion-fluid, fluid-surface and ion-surface
interactions. In one possible implementation, the variety of ion effects on interfacial
properties that can influence oil/water wettability of contact surface 306 can include, for
example:

1) adsorption/desorption of ions 324;

2) Ion exchange at interface 320 (i.e. ions 324 from solution 322 can substitute 1ons 406
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on contact surface 306, which can lead to alteration of properties of contact surface 306);
3) Formation of salt bridges between charged groups (comprised of groups of ions 406) on
contact surface 306 and charged groups of oil components (such as ions in a solution
including hydrocarbons);

4) Local change of a pH level at contact surface 306 (for example, adsorption of ions 324
at contact surface 306 can influence water dissociation at contact surface 306, changing a
local concentration of H+ and OH- ions). In such an instance, local changes of pH can lead
to different protonation states of oil components at contact surface 306 (including
compounds with carboxylic groups such as asphaltenes). In some instances, this can alter
the oil wetting properties of contact surface 306;

5) Ions 324 can compete with water and surface charged groups of ions 406 for charged or
polar groups of oil components (e.g. carboxylic groups). Competitive binding of ions 324
to these chemical groups of oil components can change a free energy of binding of the oil
components to contact surface 306. In some instances, this can alter the oil wettability of
contact surface 306.

[0065] In one possible implementation, an overall net effect of ions 324 on wetting
properties of a particular combination of o1l and tuned ion solution 322 and contact surface
306 can result from a combination of one or more of the effects listed above. However, in
some embodiments, one or two of the effects listed above will be dominant in changing the
interfacial properties of the system. In one possible implementation, such dominant
effect(s) can result from changes of a composition of ions 324 in fluid 322.

[0066] In one possible implementation, an ion composition of tuned ion solution 322
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(in terms of types of ions 324 and their concentrations) can be rationally designed and
tailored for a particular reservoir of mineral/rock.
[0067] In one possible implementation, ion effects on interfacial surface tension and
overall rheological properties of fluids in porous media can be determined by a balance of
ion-ion, ion-fluid, fluid-surface and ion-surface interactions. Such parameters can be
influenced by (1) chemical ion composition of the fluid; (2) ion concentration in the fluid.
Thus, tuned ion solution 322 can be engineered to have an ion composition (chemical
nature of 10ons and their concentration) to achieve a variety of results, including improving
crude oil recovery from reservoir 144. This can be achieved by one or more of the
following:

e  Modification of interfacial tension between tuned ion solution 322 and oil;

and/or tuned ion solution 322 and surface 306; and/or oil and surface 306;

e  Modification of rheological properties of tuned ion solution 322 in porous

reservoir media;

e  Improving stability of emulsions of tuned ion solution 322 and oil; and

e  Modifying wetting properties of tuned ion solution 322 with regard to oil and

contact surface 306.

Example Methods

[0068] Figs. 5-6 illustrate example methods for implementing aspects of Injection
fluid tuning. The methods are illustrated as a collection of blocks and other elements in a

logical flow graph representing a sequence of operations that can be implemented in
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hardware, software, firmware, various logic or any combination thereof. The order in
which the methods are described is not intended to be construed as a limitation, and any
number of the described method blocks can be combined in any order to implement the
methods, or alternate methods. Additionally, individual blocks and/or elements may be
deleted from the methods without departing from the spirit and scope of the subject matter
described therein. In the context of software, the blocks and other elements can represent
computer instructions that, when executed by one or more processors, perform the recited
operations. Moreover, for discussion purposes, and not purposes of limitation, selected
aspects of the methods may be described with reference to elements shown in Figs. 1-4.
[0069] Fig. 5 illustrates an example method 500 that can be employed to create a tuned
1on solution, such as tuned 1on solution 322, to alter a wetness of a surface, such as contact
surface 306, and/or affect a level of interfacial energy between oil and the tuned ion
solution.

[0070] At block 502, surface properties, such as properties of contact surface 306, of
rock found in a hydrocarbon reservoir of interest, such as reservoir 144, are accessed. In
one possible embodiment, the surface properties can be surface properties of a rock and/or
a compartment where 1on concentration is low and/or close to zero (such as, for example,
a non-polar fluid such as oil, etc.). In one implementation, the surface properties can be
accessed from a database of existing information. Alternately, the surface properties can
be accessed by obtaining various samples from the reservoir.

[0071] In one possible embodiment, the surface properties can include a wide variety

of geometrical and chemical properties of a rock in the reservoir including, for example,
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nature and concentration of charged groups on the surface, nano/micro scale roughness of
the surface, etc.

[0072] In one possible implementation, techniques that can be used to examine rock
properties include characterization experiments such as atomic force microscopy (AFM)
techniques, x-ray photoelectron spectroscopy (XPS) techniques, surface Raman and other
surface sensitive techniques, mass spectrometry and other analytical chemistry tools (to
determine a chemical composition of the surface for example), crystallographic tools (such
as X-ray diffraction etc.), to determine a structure of the rock/minerals, etc.

[0073] Calculations can be also used to examine rock properties. These can include,
for example, molecular mechanics methods and quantum mechanics methods to interpret
experimental results and refine a molecular-level structure of a surface of the rock.

[0074] In one possible implementation, one or more of the actions associated with this
block 502 can be performed on the most abundant rock mineral in the reservoir.

[0075] At block 504, a chemical composition of oil found in the reservoir of interest
can be accessed. In one possible implementation, the chemical composition of the oil
(including, for example, concentrations and structures of compounds in the oil) can be
accessed from a database of existing information. Alternately, the chemical composition
of the oil can be accessed by obtaining various samples of the oil from the reservoir and
performing various analyses.

[0076] In one possible implementation, the chemical composition of the oil can
include information regarding compounds with charged and polar chemical groups (such

as asphaltenes, aromatic and poly-aromatic carboxylic acids etc.) in the oil. In one possible
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aspect, the chemical composition of the oil can also include information regarding
concentrations and structures of the compounds with charged and polar chemical groups.
Various analytical chemistry and physical methods can be used for these purposes,
including, for example, mass spectroscopy, Raman, infrared and vis-UV spectroscopy,
chromatography etc.

[0077] At block 506, an ion effect on wettability of a contact surface of the rock, such
as contact surface 306, is acquired. For example, in one possible implementation, one or
more dominant ion effects on oil/water wettability of the surface can be determined. A
combination of experimental techniques (including, for example, interfacial tension
measurements, contact angle measurements, measurements of fluid flow, etc.) can be used
for these purposes and be combined with molecular mechanics and/or quantum chemistry
calculations.

[0078] In one possible embodiment, screening all possible combinations of ions can
be avoided in favor of a search for a limited number of dominant effects. In one possible
aspect this can be accomplished through testing of pairs of ions with differences in their
properties such as e.g. small ions — large 1ons; low charge density ions — high charge density
ions; monovalent ions — multivalent ions; etc. In some cases, such tests of ion pairs with
differences in their properties can allow for a more expedient determination of one or more
dominant effects of ions on the wettability properties of the mixture of oil and the tuned
ion solution at the particular rock interface.

[0079] At block 508, a tuned ion solution can be formulated based on the ion effect

on wettability of the contact surface of the rock to tune one or more surface properties of
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the rock as desired. Alternately, or additionally, in one possible implementation, the tuned
ion solution can be formulated to tune interfacial properties between the oil and the tuned
ion solution as desired. In one possible aspect, this can be accomplished by using the
chemical composition of oil in the reservoir to determine an ion effect on an interfacial
tension between the oil and the tuned 1on solution. In such a manner a surface energy
between the oil and the tuned ion solution can be increased and/or decreased as desired.
[0080] For example, in one possible embodiment, some or all of the results from
blocks 502-506 can be used to engineer the tuned ion solution to affect interfacial properties
of the rock-oil-tuned ion solution system in a desired way. Samples of reservoir fluid and
reservoir rock can be used as can various experimental and/or computational models
associated with the reservoir fluid and the reservoir rocks. In one possible embodiment,
reservoir fluid includes any fluid found in the reservoir, such as water, oil, etc.

[0081] In another possible implementation, if ion exchange is desired, various ions
can be added to the tuned ion solution to modify the properties of the contact surface. For
mstance, if the ions from the tuned ion solution that substitute for the surface ions have
higher charge density than the surface 1ons they substitute, then the surface can become
more polar and more water-wet. Alternatively, if the ions from the tuned ion solution that
substitute for the surface ions have lower charge density than the surface ions they
substitute, then the surface could become less polar and less water-wet.

[0082] In another possible implementation, if the formation of salt bridges is desired,
ions can be added to the tuned ion solution that are effective in formation of salt bridges

between charged groups on the surface and charged groups of oil components. This can
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increase oil wettability of the surface and in some cases block capillary pores through
formation of supramoleculer aggregates on the surface from components of the oil being
bound by the salt bridges.

[0083] If increased oil wettability is not desired, then in another possible
implementation, various ions (such as, for example, Ca**) known to be active in terms of
forming salt bridges (‘bridge-active’ ions) can be removed from the tuned 1on solution. In
one possible aspect, removed bridge active 1ons can be replaced in the tuned ion solution
with ions that are passive in terms of forming the salt bridges (such as, for example, K).
[0084] In instances when removing one or more bridge active ions is not possible (e.g.
the bridge active ions are already present in the reservoir fluid) the effect of the bridge
active ions can be inhibited by adding chelating agents (i.e. chemicals that bind the bridge-
active ions) such as, for example, citric acid, ethylenediaminetetraacetic acid or its sodium
salt, etc., to the tuned ion solution.

[0085] In another possible implementation, if a local change of pH level is desired,
then the pH of the tuned ion solution can be changed by adding acids (including inorganic
acids such as HCI and/or organic acids like acetic acid, citric acid, etc.) or adding bases
such as KOH, NaOH, etc.

[0086] In one possible embodiment, the nature of the counter-ions of the acids
(anions) and bases (cations) can be taken into account while tuning the pH of the tuned ion
solution. For example, K+ ions have a lower charge density than Na+ ions, and,

consequently have lower binding affinity to carboxylic groups. Therefore, KOH at the
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same molar concentration as NaOH would lead to a lower rate of bridging together oil
components with carboxylic groups.

[0087] In yet another possible embodiment, if competitive binding of ions to charged
and/or polar groups is desired, ions can be added to the tuned ion solution that
competitively bind the surface or oil components groups to prevent formation of
supramolecular aggregates. In one possible aspect, this can decrease an affinity of oil
components to the surface making the surface less oil-wet.

[0088] In one possible implementation, effects of tuning the tuned ion solution can be
tested, for example using a test bed system. This can be done using a wide variety of
techniques, including spontaneous imbibition, core flooding, interfacial tension
measurements, wettability measurements, zeta potential measurements, etc.

[0089] Fig. 6 illustrates an example method 600 that can be employed to create a tuned
1on solution, such as tuned 1on solution 322, to alter a wetness of a surface, such as contact
surface 306.

[0090] At block 602, one or more properties of rock in a hydrocarbon reservoir, such
as reservoir 144, can be accessed. In one implementation, these properties can be accessed
from a database of existing information. Alternately, the properties can be accessed by
obtaining various samples from the reservoir.

[0091] In one possible embodiment, various properties of a rock surface present in the
reservoir can be examined. These properties can include a wide variety of geometrical and
chemical properties including, for example, nature and concentration of charged groups on

the surface, nano/micro scale roughness of the surface, etc.

24



WO 2016/200605 PCT/US2016/033991

[0092] In one possible implementation, techniques that can be used to examine rock
properties include experiments such as AFM, XPS, surface Raman and other surface
sensitive techniques, mass spectrometry and other analytical chemistry tools (to determine
a chemical composition of the surface for example), crystallographic tools (such as X-ray
diffraction etc.), to determine a structure of the rock/minerals, etc. Calculations can be
used to examine rock properties. These can include, for example, molecular mechanics
methods and/or quantum mechanics methods to interpret experimental results and refine a
molecular-level structure of a surface of the rock.

[0093] In one possible implementation, one or more of the actions associated with this
block 602 can be performed on the most abundant rock mineral in the reservoir.

[0094] At block 604, an ion effect on wettability of a surface of the rock can be
acquired. In one possible implementation, one or more dominant ion effects on oil/water
wettability of the rock surface can be determined. In one aspect, a combination of
experimental techniques (including, for example, interfacial tension measurements, contact
angle measurements, measurements of fluid flow, etc.) can be used for these purposes and
be combined with molecular mechanics and quantum chemistry calculations.

[0095] In one possible embodiment, screening all possible combinations of ions can
be avoided in favor of a search for a limited number of dominant effects that can be carried
out through testing of pairs of ions with differences in their properties such as e.g. small
ions — large ions; low charge density ions — high charge density ions; monovalent ions —
multivalent ions; etc. In some cases, such tests of ion pairs with differences in their

properties can allow for a more expedient determination of one or more dominant effects
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of 1ons on the wettability properties of the mixture of oil and the tuned ion solution at the
particular rock interface.

[0096] At block 606, a tuned ion solution is formulated with a content of direct contact
ions sufficient to increase a water wetness of the surface of the rock. For example, in one
possible embodiment, some or all of the results from blocks 602-604 can be used to
engineer the tuned ion solution to affect interfacial properties of the rock-oil-tuned ion
solution system in a desired way. Samples of reservoir fluid and reservoir rock can be used
as can various experimental and/or computational models associated with the reservoir
fluid and the reservoir rocks. In one possible embodiment, reservoir fluid includes any
fluid found in the reservoir, such as water, oil, etc.

[0097] Although a few embodiments of the disclosure have been described in detail
above, those of ordinary skill in the art will readily appreciate that many modifications are
possible without materially departing from the teachings of this disclosure. Accordingly,
such modifications are intended to be included within the scope of this disclosure as

defined in the claims.
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CLAIMS

1. A method of tuning an injection fluid comprising:

accessing surface properties of rock found in a hydrocarbon reservoir
of interest;

accessing a chemical composition of oil found in the reservoir of
interest;

acquiring an ion effect on wettability of a contact surface of the rock;
and

formulating a tuned ion solution based on the 1on effect on wettability
of the contact surface of the rock to tune one or more surface properties of

the rock as desired.

2. The method of claim 1, wherein accessing surface properties of rock found
in a hydrocarbon reservoir of interest includes accessing contact surface properties

of a most abundant type of rock found in the reservoir of interest.

3. The method of claim 1, wherein accessing surface properties of rock found
in a hydrocarbon reservoir of interest includes accessing one or more of:
geometrical surface properties of the rock;

chemical surface properties of the rock.
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4. The method of claim 1, wherein accessing surface properties of rock found
in a hydrocarbon reservoir of interest includes performing characterization

experiments on the rock.

5. The method of claim 1, wherein accessing a chemical composition of oil
found in the reservoir of interest comprises determining the chemical composition
of the oil using one or more of:

analytic chemistry methods;

physical methods; and

spectroscopic methods.

6. The method of claim 1, wherein the acquiring includes determining the ion
effect using one or more of:

experimental techniques;

molecular mechanics; and

quantum chemistry.

7. The method of claim 1, wherein the acquiring includes acquiring one or more

dominant ion effects on wettability of the contact surface of the rock.

8. The method of claim 1, wherein the formulating includes adding ions to the

tuned 1on solution to encourage preferential adsorption of the ions on the contact
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surface of the rock to decrease the interaction energy between oil chemical species

and the contact surface of the rock.

9. The method of claim 1, wherein the formulating further comprises
formulating the tuned ion solution to modify a surface energy between the oil and

the tuned ion solution as desired.

10. A tuned ion solution comprising:

an electrolyte solution having an ionic composition and an ionic
concentration configured to enhance recovery of oil from a reservoir, wherein the
electrolyte solution includes a content of direct contact ions including monovalent
ions with a static polarizability larger than a preset limit sufficient to influence a

contact surface of a rock in the reservoir to reach a desired wettability.

11.  The tuned ion solution of claim 10, wherein the concentration of direct

contact ions in the electrolyte solution is less than 20000 parts per million.

12.  The tuned ion solution of claim 10, wherein the preset limit includes

monovalent anions with static polarizability larger than 3.4x10-° m?.

13.  The tuned ion solution of claim 10, wherein the preset limit includes

monovalent cations with static polarizability larger than 1.9x107° m’.
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14.  The tuned ion solution of claim 10, wherein the ionic composition and the
ionic concentration are further configured to modify a surface energy between oil

and the tuned 1on solution as desired.

15. The tuned ion solution of claim 10, wherein the content of direct contact 1ons
includes one or more of:

bromide ions;

10dide ions; and

nitrate ions.

16. A computer-readable tangible medium with instructions stored thereon that,
when executed, direct a processor to perform acts comprising:
accessing one or more properties of a type of rock in a hydrocarbon reservoir;
acquiring an ion effect on wettability of a contact surface of the rock; and
formulating a tuned ion solution with a content of direct contact ions

sufficient to increase a water wetness of the contact surface of the rock.

17.  The computer-readable medium of claim 16, further including instructions to

direct a processor to perform acts comprising:
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accessing one or more properties of the type of rock found in the hydrocarbon
reservoir by interpreting experimental results and refining a molecular level
structure of the contact surface of the rock using one or more of:

molecular mechanics; and

quantum mechanics.

18.  The computer-readable medium of claim 16, further including instructions to
direct a processor to perform acts comprising;:
accessing one or more properties of the type of rock in the hydrocarbon

reservoir by querying a database.

19.  The computer-readable medium of claim 16, further including instructions to
direct a processor to perform acts comprising:

acquiring the ion effect on wettability of the contact surface of the rock by
combining experimental data with one or more of:

molecular mechanics studies; and

quantum chemistry calculations.

20.  The computer-readable medium of claim 16, further including instructions to

direct a processor to perform acts comprising:
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formulating the tuned ion solution with a content of direct contact ions
sufficient to increase the water wetness of the contact surface of the rock by
performing calculations on computational models of one or more of:

the tuned 1on solution; and

the rock.
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ACCESSING SURFACE PROPERTIES OF ROCK FOUND IN A}-502
HYDROCARBON RESERVOIR OF INTEREST

Y

ACCESSING A CHEMICAL COMPOSITION OF OIL FOUND IN }-504
THE RESERVOIR OF INTEREST

Y

ACQUIRING AN ION EFFECT ON WETTABILITY OF A CONTACT |-506
SURFACE OF THE ROCK

Y

FORMULATING A TUNED ION SOLUTION BASED ON THE ION

EFFECT ON WETTABILITY OF THE CONTACT SURFACE OF |-508

THE ROCK TO TUNE ONE OR MORE SURFACE PROPERTIES
OF THE ROCK AS DESIRED

FIG.S

ACCESSING ONE OR MORE PROPERTIES OF A TYPE OF }-602
ROCK IN A HYDROCARBON RESERVOIR

Y

ACQUIRING AN ION EFFECT ON WETTABILITY OF A CONTACT |-604
SURFACE OF THE ROCK

Y

FORMULATING A TUNED ION SOLUTION WITH A CONTENT OF 606

DIRECT CONTACT IONS SUFFICIENT TO INCREASE A WATER[”
WETNESS OF THE CONTACT SURFACE OF THE ROCK

FIG.6




International application No.

A A AR
INTERNATIONAL SEARCH REPORT PCT/US2016/033991

A. CLASSIFICATION OF SUBJECT MATTER
E21B 41/00(2006.01)I, E21B 47/00(2006.01)I, GO6F 19/00(2011.01)I, GOSB 19/02(2006.01)I

According to International Patent Classification (IPC) or to both national classification and [PC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 41/00; E21B 49/00, CO2F 1/28; BO1F 17/00; E21B 43/22; C09K 8/58; CO9K 8/584; CO9K 8/588; E21B 47/00; GO6F 19/00; GO5B
19/02

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)
cKOMPASS(KIPO internal) & Keywords: enhanced oil recovery, injection fluid, tuned ion solution, wettability, reservoir

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2010-0096129 A1 (HINKEL et al.) 22 April 2010 1-7,16-20
See paragraphs [0006], [0031], [0053]-[0066].

Y 8-15

Y US 5042580 A (CULLICK et al.) 27 August 1991 8-15
See column 1, lines 26-40, column 4, lines 11-24 and figures 1-3.

A WO 2015-044445 A1 (MAERSK OLIE OG GAS A/S) 02 April 2015 1-20
See page 2, line 7 — page b, line 20 and figure 2.

A WO 2011-038745 A1 (COGNIS IP MANAGEMENT GMBH) 07 April 2011 1-20
See page 9, line 1 — page 11, line 5.

A WO 2012-054150 A1 (CHEVRON U.S.A. INC.) 26 April 2012 1-20
See paragraphs [0012]-[0026] and figures 1, 3.

See patent family annex.

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

|:| Further documents are listed in the continuation of Box C.

* Special categories of cited documents: "
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" carlier 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 another 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
means

"P"  document published prior to the international filing date but later
than the priority date claimed

combined with one or more other such documents,such combination
being obvious to a person skilled in the art
"&" document member of the same patent family

Date of the actual completion of the international search
20 September 2016 (20.09.2016)

Date of mailing of the international search report

20 September 2016 (20.09.2016)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer s

LEE, Hun Gil

Telephone No. +82-42-481-8525

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2016/033991
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010-0096129 Al 22/04/2010 WO 2010-045616 A2 22/04/2010
WO 2010-045616 A3 29/07/2010
US 5042580 A 27/08/1991 None
WO 2015-044445 Al 02/04/2015 DK 201670268 Al 17/05/2016
WO 2011-038745 Al 07/04/2011 AU 2009-353569 Al 19/04/2012
BR 112012006817 A2 24/05/2016
CA 2775773 Al 07/04/2011
CN 102549105 A 04/07/2012
EP 2483365 Al 08/08/2012
MX 2012003622 A 20/04/2012
RU 2012-115519 A 10/11/2013
RU 2528326 C2 10/09/2014
US 2012-0184470 Al 19/07/2012
WO 2012-054150 Al 26/04/2012 AR 083505 Al 27/02/2013
CA 2815111 A1 26/04/2012
GB 2500502 A 25/09/2013
NO 20130653 A 08/05/2013
US 2012-0097389 Al 26/04/2012
US 8573299 B2 05/11/2013

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report

