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FINES MIGRATION CONTROL AT THEIR
SOURCES IN WATER FLOODING RESERVOIRS

TECHNICAL FIELD
{0001] The present invention relates fo methods and compositions for
water flooding during secondary hydrocarbon recovery operations, and more
particularly relates, in one non-limiting embodiment, to methods and
compositions for reducing or controlling fines migration during water flooding
subterranean formations in secondary recovery operations.

BACKGROUND
[0002] Water flooding is a conventional method of enhancing oil recovery
for reserveirs. In this method, water is injected into underground formation
through injection wells and oil or other hydrocarbon is driven by the water
toward and produced in production wells. When water flows into pores of the
media in the formation occupied by the olil, clays and other formation fines are
released and flowed with the injection water. The released formation particles
may accumtulate and plug the pore throats in the flow channeis, which causes
lower water sweep efficiency and reduced oil recovery.
[0003] Normally, these fines, including the clays, are quiescent, causing no
obstruction of flow to the wellbore via the capillary system of the formation.
However, when the fines are disturbed, they begin to migrate in the
production stream and, oo frequently, they encounter a constriction in the
capillary where they bridge off and severely diminish the flow rate.
[0004] A phenomenon that disturbs the quiescent clays and fines is often
the introduction of water foreign to the formation. The foreign water is often
fresh or relatively fresh water compared fo the native formation brine. As
noted, the water is frequently intentionally introduced such as for purposes of
water flooding.
[0005] Sometimes the loss of permeability is due to clay swelling with
relatively fresh water without migration of the clay particles, although, often
clay swelling is accompanied by migration of clays and fines. Sometimes non-
swelling clays can respond to the foreign water and begin to migrate. it is
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believed that swelling clays are the major mechanism of fines migration
and/or swelling, because when formation cores are analyzed, the presence of
swelling clays are an excellent indicator that the formation will be sensitive to
foreign water intrusion, whiie the presence of non-swelling clays only is
inconclusive.

{00061 Generally, swelling clays are in the smectic group including clay
minerals such as montmorilionite, beidellite, nontronite, saponite, hectorite,
and sauconite. Of these, montmorilionite is the clay mineral found most
commonly in formation core analysis. Montmorilionite Is commonly associated
with clay minerals known as mixed-layer clays.

{60071  Migrating fines include a host of clay and other minerals in minute
particle size, for example, feldspars, fine silica, kaolinite, allophane, biotite,
tale, iliite, chiorite and the swelling clays themselves. Further information is
found in U.8. Pat No. 5,180,642

[0008] Clays can also cause trouble in areas other than permeabiiity
reduction. When they are a component in shales, sandstones, or other
formations, contact with a foreign water or at times with any water can cause
the formation {0 lose strength or even disintegrate. This is a problem in
buiiding foundations, road beds, drilling wells, enhanced oil recovery and any
situgtion where the formation strength is important.

{00091  There have been numerous attermnpts {o control the il effects of
water on clay and/or cther fines. These efforts have been principally in the ol
expioration and production industry, One idea is to convert the clay from the
swelling sodium form or the more rare swelling lithium form to another cation
form which does not swell as much.

(06101  In other approaches, a number of materials have been used as
sacrificial materials to plate or coat the clays and protect them from the
degradation caused by contact with water and caustic which is often used in
the water flood material. A surface active agent is often included with the
water in secondary production and well treatment. When such surfactants are
used, they often adhere fo the clay surfaces and build up a plurality of layers,

304-47485-W0
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thus being effectively removed from the water floed material and lost, causing
an economic disadvaniage requiring more surfactant to be added o the
subsurface formation than would be necessary. Sugars have also been used
as sacrificial materials for nonionic surfactants to coat, or plate, on clay and
sand particles by hydrogen bonding to the oxide surfaces. However, since the
~-OH group is polar, the sugars tend to layer up on the oxide surfaces.
Furthermore, the sugars alone do not effectively plate or coat the edges of
the clay platelets, so that complete profection of the clays is not obtained.
[0011]  Accordingly, it would be desirable to provide a composition and
method that would provide a high degree of stabilization and control of fines
migration, particularly those in subterranean formations.

SUMMARY
[0012] There is provided, in one form, a method for recovering a hydrocar-
bon from a subterranean formation that involves injecting water flood
materiais into a bore hole in communication with a hydrocarbon-bearing
subterranean formation. The water flood materials include a particulate
additive having a mean particle size of 100 nm or less. The particulate
additives include, but are not necessarily limited to alkaline earth metal
oxides, alkaline earth metal hydroxides, alkali metal oxides, alkali metal
hydroxides, transition metal oxides, transition metal hydroxides, post-
transition metal oxides, post-transition metal hydroxides, piszoelectric
crystals, and/or pyroslectric crystals. The amount of particulate additive is
effective o inhibit the migration of fines in the subterranean formation as
compared to water flood materials absent the particulate additive. Of course,
the water flood materials would aiso include water.
[0013]  In the particulate additive, a suitable alkaline earth metai may be
magnesium, calcium, strontium, and/or barium. A suitable alkali metal may be
lithium, sodium, and/or potassium, A suitable transition metal may be titanium
and/or zinc. A suitable post-transition metal may be aluminum. Mbdures of
these particulate additives are also suitable. The treated clays in the

304-47455-W0
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formation are thus inhibited from expansion as compared with introducing an
identical fluid into the subterranean formation absent the particulate additive,
[8014] The particulate additives, also referred {o herein as nano-sized
particles or nanoparticies (e.g. MgO and/or Mg{OH),, and the like), appear fo
bind to, associate with or flocculate the fines, e.g. clays and clay particles,
including charged and non-charged particles, both expanding clays and non-
expanding clays. Due to at least in part to their small size, the surface forces
{like van der Waals and electrostatic forces) of nanoparticles help them
associate the fines at their original locations. Such associations help fix the
clays in place and keep them from swelling and/or moving. In many cases,
the ability of the treating fluids {o stabilize clays may be improved by use of
nanoc-sized particulate additives that may be much smaller than the pores and
pore-throat passages within a hydrocarbon reservoir, thereby being non-pore
plugging particles that are much less damaging {o the reservoir permeability
than the clays themseives. This smaller size permits the nanoparticles to
readily enter the formation with the water flood materials, and then stabilize
the clays in place so that both the clays and the nanoparticles remain in the
formation and do not travel as far — or at least are restrained to the point that
reduction of water sweep efficiency and reduced oll recovery is minimized. In
one non-limiting embodiment, the fines are held or stabilized at or near their
sQurces or origins in the reservoir.

{0018] The addition of alkaline earth metal oxides, such as magnesium
oxide, alkaline earth metal hydroxides, such as calcium hydroxide; transition
metal oxides, such as titanium oxide and zinc oxide; transition metal hydrox-
ides; post-transition metal oxides, such as aluminum oxide; post-ransition
metal hydroxides, piezoelectric crystals and/or pyroelectric orystals such as
Zn0 and AIPQ,, to water flood fluid (typically an agueous fluid) which is then
introduced into a subterranean formation is expected to control, prevent or
inhibit the migration of fines and the swelling of clays in the subterranean
formation to stabilize them, and prevent or minimize the damage they may
cause {o the formation permeaability.

304-47455-WO
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BRIEF DESCRIPTION OF THE DRAWINGS
{0016] FIG. 1Az the left side of a photograph of a beaker of 0.5% by
weight (bw) natural benionite in 50 mis deionized (D) water to simulate a
swelling clay in water, immediately after stirring for fwo minutes;
{0047} FIG. 1B is the right side of a photograph of a beaker of 0.5% bw
natural bentonite in 50 mis D water to simulate a swelling clay in water, as in
FIG. 1A, but also containing 0.5% bw MgO pariicles (crystallite size < 8 nm;
specific surface area 2 230 m%/g) immaediately after stirring for two minutes;
B018] FIG. 2Ais the left side of g pholograph showing the beaker in FIG.
1A 20 minutes after stirring has ceased;
(00191  FIG. 2B is the right side of a photograph showing the beaker in FIG.
1B 20 minutes after stirring has ceased,
002071 FIG. 3A s the left side of a photograph showing the beaker in FIG.
1A 80 minutes after stirring has ceased;
{00211  FiG. 3B is the right side of a photograph showing the beaker in FIG.
18 &80 minutes after stirring has ceased;
{00221 FIG. 4is a graph presenting a pressure drop comparison as a
function of time for 20/40 mesh (850/425 micron) sand packs at 10 mifmin of
5% KCI for sand only {curve with sguares), the same size sand with 1% bw
(of 20/40 mesh sand) illite and 1% bw {of 20/40 mesh sand) bentonite clays
(curve with diamonds), and then the same size sand with 1% bw illite, 1% bw
bentonite clays and 0.4% bw (of 20/40 mesh sand) nanoparticles (curve with
triangles),
[0023] FiG. 5is a graph presenting a pressure drop comparison as a
function of time for 20/40 mesh (850/425 micron) sand packs at 10 mi/min of
5% KCI for sand only (curve with diamonds), sand with 2% bw {of 20/40 mesh
sand] illite clays (curve with squares), then the same size sand with 2% bw
iflite and 0.4% bw (of 20/40 mesh sand) nanoparticles (curve with stars), and
5% KOCi with 2% CSM-38 clay control additive from CESI Chemical flowing

304-47455-W0O
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through the sand with 2% bw (of 20/40 mesh sand) illite clays (curve with
circles),

[0024] FIG. Bis a photograph of filter paper into which had been flowed
the effluent of water from a sand pack at 10 mifmin, where the sand pack
contained nanoparticles as described herein; and

{0025] FIG. 7 is a photograph of filter paper into which had been flowed
the effluent of water from a sand pack at 10 mi/min, where the sand pack did
not contained nanoparticles showing the filter paper containing "fines”
collected thereon not contained by the nanoparticles within the sand pack.

DETAILED DESCRIPTION
[0026] It has been discovered that nanoparticles (nanometer-sized
particles) are useful for subterranean formation fines control and stabilization.
Water with low concentration nanoparticles, such as 0.5%bw of 35 nm MgO
in water, may be pumped from injection wells in a hydrocarbon reservoir
toward producing welis. As the water drives the hydrocarbons toward the
production wells, the nanoparticies will fixate formation fines, such as swelling
and non-swelling clays, at their sources or origins in the water flow channels.
Without wishing to be limited {o any particular explanation or mechanisny, it is
theorized that the surface forces of nanoparticles, such as van der Waals and
electrostatic forces, hoid, inhibit or otherwise restrain the formation fines from
swelling and/or moving. Water sweep efficiency is not decreased. When the
water breaks through to the producing wells, there are few fines accumulating
at or near the weilbore region of producers to choke the production of
hydrocarbons. Laboratory tests show that the effluent of sand pack containing
nanoparticles is cleaner than that of containing no nanoparticles, and that the
pressure drop across sand pack containing nanoparticles is less than that of
sand packs containing no nanoparticies under same flow rate of 5% KCi
brine.
[0027] Fines swelling and/or migrating have been troublesome during well
driliing and compietion, oil and gas production, as well as during secondary
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recovery operations such as water flooding. The clays most frequently found
in the underground ofl and gas bearing formation include bentonite
{montmorilionite) group, illite group, kaolinite group, chiorite group, and the
mixtures of them.

{0028] 1t has been discovered that nano-sized particles like magnesium
oxide (MgQ) may be used to stabilize clays in subterranean hydrocarbon
formations to inhibit, restrain or prevent them from swelling and/or migrating
to near-wellbore regions ¢ choke or damage the production of hydrocarbons.
Some nano-sized particles, also called nanoparticies herein, not only have
high surface areas compared to their small sizes, but also have relatively high
surface charges that permit them to associate with or connect other particles
together, including other charged particles, but also other non-charged
particles. In one non-limiting explanation, these associations or connections
between the clays and the nano-sized particles may be due to slectrical
attractions and other intermolecular forces or effects.

{00291  As will be shown, laboratory tests have demonstrated that relatively
small amounts of MgO nanoparticles can stabilize dispersed clay particles.
Other nanoparticles such as ZnQ, AlLO;, zirconium dioxide (2r02), TiO,,
cobalt (I} oxide {CoQ), nickel (Il oxide (NIO}, and pyroelectric and
piezoelectric crystals may also be used in the methods and compositions
herein. The nancparticles may be pumped with a carrier fluid downhole deep
within the formation to contact and treat the clays.

80381  In more detall, nano-sized particles of alkaline sarth metal oxides,
alkaline earth metal hydroxides, aikall metal oxides, alkali metal hydroxides,
transition metal oxides, transition metal hydroxides, post-transition metal
oxides, post-transition metal hydroxides, piezoelectric crystals, pyrosiectric
crystals, and mixtures therecof have been discoverad to have particular
advantages for stabilizing clays and inhibiting or preventing their undesired
migration, rather than allowing them to choke off the pores and reduce water
sweep efficiency and/or reduce hydrocarbon recovery.

304-47455-W0O
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{00311  In parlicular, magnesium oxide particles and powders have been
suitably used to stabilize clays herein. However, it will be appreciated that
although MgQ particles are noted throughout the description herein as one
representative or suitable type of alkaline earth metal oxide particle, other
alkaline sarth metal oxides and/or alkaline earth metal hydroxides and/or
fransition meta! oxides, transition metal hydroxides, post-transition metal
oxides, post-transition metal hydroxides, piezoslectric crysials, and
pyrogleciric crystals, may be used in the methods and compositions herein.
Additionally, the alkali metal oxides and/or hydroxides may be used alone or
in combination with the alkaline earth mefal oxides and hydroxides, and/for
together with one or more transition metal oxide, transition metal hydroxide,
post-transition metal oxide, post-transition metal hydroxide, piezoelectric
crystal, and pyroelectric crystal.

{0032] By “post-transition metal® is meant one or more of aluminum,
gallium, indium, tin, thallium, lead and bismuth. In ancther non-limiting
embodiment herein, the nano-sized particles are oxides and hydroxides of
elements of Groups 1A, HA, VA B and HIB of the previous UPAC American
Group notation. These elements include, but are not necessarily limited to,
Na, K, Mg, Ca, Ti, Zn and/or Al

[0033] The nano-sized particulate additives herein may also be
piezoelectric crystal particles (which include pyroslectric crystal particles).
Pyroelectric crystals generale electrical charges when heated and
piezoelectric crystals generate electrical charges when squeszed,
compressed or pressed.

[0034] In one non-limiting emboediment, specific suitable piezoslectric
crystai particles may include, but are not necessarily limited to, ZnC, berlinite
(AIPO,), lithium tantalate (LiTa0y), gallium orthophosphate (GaP0,), BaTiO;,,
SrTiQs, PbarTiO3, KNbO,, LINBQg, LiTa0;, BiFeOy, sodium tungstate,
BaNaNbsOs, PbaKNbsO4s, potassium sodium tartrate, tourmaline, topaz and
mixtures thereof. The total pyroelectric coefficient of ZnQ is -8.4 C/m?K. ZnO
and these other crystals are generaily not water soluble.

304-47455-WC
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{60381  in one non-limiting explanation, when the agueous water flood
materiais mixed with very small pyroelectric crystals, such as nano-sized Zn0,
are pumped downhole into underground formations that are under high
temperature and/or pressure, the pyroelectric crystals are heated and/or
pressed and high surface charges are generated. These surface charges
permit the crystal particles to associate, link, connect or otherwise relate the
fines fogether to fixate them together and alsc to bind or associate them with
the surrounding formation surfaces. The association or relation of the fines is
thought o be very roughly analogous to the crosslinking of polymer molecules
by crossiinkers, in one non-limiting image. No formation damage is expected
from the use of the nano-sized particulate additives.

{0038]  In one non-limiting embodiment, the nano-sized solid particulates
and powders useful herein include, but are not necessarily limited to, alkaline
earth metal oxides or alkaline earth metal hydroxides, or mixtures thereof. in
ane non-limiting embodiment, the alkaline earth metal in these additives may
include, but are not necessarily limited {o, magnesium, calcium, barium,
strontium, combinations thereof and the like. In one non-dimiting embodiment,
MgO may be obtained in high purity of af least 85 wi%, where the balance
may be impurities such as Mg{OH)., Cal, Ca(OH),, Si0,, ALO;, and the like.
{00377  In another non-limiting embodiment, the particle size of the
additives and agents ranges between about 1 nanometer independently up to
about 500 nanometers. in ancther non-limiting embodiment, the particle size
ranges hetween about 4 nanometers independently up to about 100
nanometer. in another non-restrictive version, the particles may have a mean
particle size of about 100 nm or less, alternatively about 80 nm or less, and in
another possible version about 50 nm or less, alternatively 40 nm or less.
{0038] The amount of nano-sized particles in the water flood materials
may range from about 0.001% to about 0.5% by weight (bw)}. Alternatively,
the lower threshold of the proportion range may be about 0.05 % bw, whereas
the upper threshold may independently be about 1.0 % bw.

304-47455-WO
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[8038] The nano-sized particles herein may be added along with the water
flood materials prior {0 pumping downhole or other appilication. The agueous
water flood materials could be, for example, fresh water, brine, aguecus-
based foams or water-alcohol mixtures. The brine base fluid may be any
brineg, conventional or 1o be developed which serves as a suitable media for
the various concentrate components. As a matter of convenience, in many
cases the brine base fluid may be the brine available at the site used in the
completion fiuid {for completing a welly or other application, for a non-limiting
example.

{00407 More specifically, and in non-limiting embodiments, the brines may
be prepared using salts including, but not necessarily limited to, NaCl, KCi,
NH,Ci, NaBr, sodium formate, potassium formate, and other commonly used
stimulation and completion brine salts. The concentration of the salis to
prepare the brines may be from about 0.5% by weight of water up {0 near
saturation for a given salt in fresh water, such as 10%, 20%, 30% and higher
parcent salt by weight of water, although in many water flooding applications
the salt concentration may be 1 wi% or less. The brine may be a combination
of one or more of the mentioned salls, such as a brine preparad using NaCl
and KCl or NaCl, as non-limiting examples. in application, the nano-sized
particulate additives of MgO (or other particulate) may be mixed with the
carrier fluids at the surface before they are pumped downhole.

00411 The base fluid may also contain other conventional additives com-
mon to the well service indusiry such as water wetling surfactants, surface
active agents and other sacrificial agents, materials to convert the clays from
swelling forms to relatively non-swelling forms, sugars and the like. In another
non-restrictive embodiment, the treatment fluid may contain other additives
including, but not necessarily limited to, viscosifying agents, other different
surfactants, scale inhibitors, scale dissolvers, polymer and biopolymer
degradation additives, defoamers, biocides, and other common and/or

optional components.

204-47455-WGC



WO 2011/008409 PCT/US2010/039120

10

15

20

30

11

{00421  The invention will be further described with respect {o the following
Examples which are not meant to limit the invention, but rather to further
Hlustrate the varicus embodiments.

EXAMPLE 1
[0643] A comparison was conducted between two different fluids of the
following compositions:
Fluid A 0.5%bw natural bentonite in Dl water
Fluid B! 0.5%bw natural bentonite in Dt water, including 0.5%bw MgQO
nanoparticles {(crystallite size £ 8 nm; specific surface area 2
230 m¥g).
Fluid A simulates a conventional aqueous fluid where clay parlicles are
dispersed therein, Fluid B is Fluid A additionally with nanopariicles of the
methods and compositions, as defined above.
[0044] As a clay expanding test, 50 mis of both Fluid A and Fluid B were
stirred in glass beakers for fwo minutes, and then they were left {0 setile
without further agitation. Photographs were taken at time intervals. FIG. 1
herein presents both beakers immediately after stirring with Fluid A {without
nanoparticles) on the left side (FIG. 1A) and Fluid B (with nanoparticles) on
the right side (FIG. 18). From this photograph, it may be seen that all particles
are still dispersed in both Fluids A and B immediately after mixing.
[0045] The photograph in FIG. 2 was taken 20 minutes after stiring
ceased. There is already a dramatic difference between the two fluids. Fluid A
on the left in FIG. 2A shows that the suspended clay particles are still
uniformiy dispersed throughout the Fluid A, whereas Fluid B confaining the
nanoparticles in FIG. 2B on the right demonstrates that all particles are
beginning o settle out.
{00481 The photograph in FIG. 3 was taken 80 minutes {1 hour) after
stirring ceased. it may be seen that the suspended clay particles in Fluid A on
the left in FIG. 3A are still uniformly dispersed, whereas all of the particies in
Fluid B containing the nanoparticles, shown on the right in FIG. 3B have
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completely seitied out. Example 1 thus demonstrates that the nancoparticies in
Fluid B inhibited the clay particles from expanding and remaining dispersed in
the fiuid.

EXAMPLE 2
{00477  20/40 mesh (850/425 micron) sand alone, the sand mixed with
1%bw bentonite and 1%bw illite, and the sand mixture of with 1%bw
bentonite and 1%bw iliite containing 0.4% bw nanoparticles were vertically
packed in separate one-inch (2.5 om) ID and 12-inch (30.5 om) long acrylic
tubes with 100 mesh (148 micron) screens at both ends. The acrylic ube has
a 0.125 inch (3.2 mm) outlet orifice at each end. A separate pressure
differential transducer was mounted at both ends of each tube. 5%bw KCI
water was pumped at 10 mi/min through each pack and each pressure
differential was recorded. The Dsp of the bentonite is 38 microns and Dy 142
microns. The Dy of the iHite is 16 microns and Dgg 90 microns.
[0048] The sand pack tests were conducted and demonstrated that the
pressure drop of 5%bw KC water flowing through the pack containing
0.4%bw nanoparticles (magnesium oxide with an average pariicle size of 35
rim} is much iower than that of the same sand pack contfaining no
nanoparticles at the same flow rate, and is almost the same as a pack having
only sand. Both sand packs contain the same amount of natural bentonite
and iilite (1 percent hentonite and 1 percent illite). These results are shown in
FIG. 4.

EXAMPLE 3
{0049] Similar sand packs were made as Example 2. FIG. § shows the
similar results as FIG.4 for the sand packs containing 2%bw illite with and
without 0.4%bw nanoparticles. FIG. 5 also shows that the pressure drop of
5%bw KC! water flowing through the pack containing 0.4%bw nanoparticles
(magnesium oxide with an average particle size of 35 nm) is lower than that of
5%bw KCI and 2%bw CSM-38 (a polyquat amine based clay control additive
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ne nancparticles at the same flow rate.

EXAMPLE 4
{00507  Rev Dust, a natural mixture of clays and fines, was used {0 replace
benionite and illite in Example 2 and 3 for sand pack tests. The Dy of the Rev
Dust is 18 microns and Dy 80 microns. it contains 12% quartz, 7%
cristobalite, 4% illite, 28% mixed layers (bentonite), 26% kaolinite, and 22%
chiorite. 2% bw Rev Dust was mixed with 20/40 mesh {(850/425 micron) sand
with and without 0.4% nanoparticles {0 build 12-inch {(about 30 cm) long sand
packs. §%bw KCl water was pumped through the packs at different flow rates
and pressure drops were recorded accordingly in the foliowing Table |, which
shows that the pressure drop of sand pack with nanoparticles is lower than
that of sand pack without nanoparticles.

TABLE |
Pressure Drop, psi (KPa)
2 mi/min 5 mi/min 16 mifmin 15 mifmin
With 0.71 078 0.84 (.84
nanoparticles (4.9} {52} (5.8) (8.5}
Without 0.78 0.84 0.85 1.0¢
nanoparticles (54} (5.8} (6.6} {7.5)
EXAMPLE S

{00581] Laboratory tests showed that the effluent of a sand pack containing
35 nm MgQ nancparticles is cleaner than that of an identical sand pack
centaining no nanoparticles using a flow rate of 5% KCi brine of 10 mliimin.
FIG. 7 is a photograph of filter paper having the effluent of the sand pack
without the nanoparticles passed therethrough, whereas FIG. 8is a
photograph of filter paper after having the effluent of the sand pack with the
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nanoparticles having passed therethrough. it may be readily seen that the
filter paper of FIG. 8 is cleaner than that of FIG. 7.

[0082]  in the foregoing specification, it will be evident that various
modifications and changes may be made thereto without departing from the
broader scope of the invention as set forth in the appended claims.
Accordingly, the specification is to be regarded in an illustrative rather than a
restrictive sense. For example, specific combinations of alkaline earth metal
oxides, alkaline earth metal hydroxides, alkali metal oxides, alkali metai
hydroxides, transition metal oxides, transition metal hydroxides, post-
transition metal oxides, post-fransition metal hydroxides, piszoelectric
crystals, and pyroslectric crystals, of various sizes, brines, and other
components failing within the claimed parameters, but not specifically
identified or tried in a particular method or composition, are anticipated to be
within the scope of this invention. Further, water fiood materiais other than
those explicitly described or exemplified are expected to be useful in the
methods of the claimed invention.

[0053] The words "comprising” and “comprises” as used throughout the
claims is to interpreted “including but not limited to”.

[0084] The present invention may suitably comprise, consist or consist
gssentially of the elements disclosed and may be practiced in the absence of

an elemant not disclosed,
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What is claimed is;

1. A method for recovering a hydrocarbon from a subterranean formation
comprising injecting water flood materials into a bore hole in communication
with & hydrocarbon-bearing subterranean formation, where:
the water flood materials comprise g particulate additive:
has a mean particle size of 100 nm or less, and
is selected from the group consisting of alkaline earth metal oxides,
alkaline earth metal hydroxides, alkall metal oxides, alkali metal
hydroxides, transition metal oxides, transition metal hydroxides,
post-transition metal oxides, post-transition metal hydroxides,
piezoelectric crystals, pyroelectric crystals, and mixtures thereof,
and
the amount of particulate additive is effective to inhibit the migration of
fines in the subterranean formation as compared to water fiood

materials absent the particulate additive.

2 The method of claim 1 where the amount ¢of particulate additive in the
water flood materials ranges from 0.001% to 0.5% by weight.

3. The method of ¢claim 1 or 2 where:

the alkaline sarth metal is selected from the group consisting of
magnesium, calcium, strontium, and barium,

the alkali metal is selected from the group consisting of lithium,
sodium, and potassium,

the transition metal is selected from the group consisting of titanium
and zine, and

the posit-transition metal is aluminum, and mixtures thereof.

4, The method of claim 3 where the mean particle size of the particulate

additive is 80 nm or less,
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5. The method of claim 1 or 2 where the borehole is part of an injection
well, and the method further comprises:
transporting the water flood materials through at least a portion of the
subterrangan formation;
contacting the hydrocarbon in the subterranean formation; and
recovering at least a portion of the hydrocarbon from the subterranean
formation via a production well.
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FIG. 3A FIG. 3B
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Pressure Drop Comparison for 20/40 Mesh
(850/425 Micron) Sand Pack at 10mi/min of 5% KCI
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Pressure Drop Comparison for 20/40 Mesh
(850/425 Micron) Sand Pack at 10ml/min of 5% KCI
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