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iInvention relates to methods and compositions that can be used to delay crystallization of a treatment solution so that
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ution, or other solutions, are introduced into the reservoir. The solution Is relatively stable in the supersaturated state.
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PLUGGING THIEF ZONES AND FRACTURES BY IN-SITU AND IN-DEPTH
CRYSTALLIZATION FOR IMPROVING WATER SWEEP EFFICIENCY OF
SANDSTONE AND CARBONATE RESERVOIRS

 Inventor: Xianmin Joe Zhoﬂ (United States) Attorney Docket No.: 04159.007703
Yun Chang (United States) -

Assignee:' ~ Saudi Arabian Oil Company

BACKGROUND OF THE INVENTION
Field of the Invention

[0001] This invention relates 1o compositions and methods for treating subterrancan formations.
More specifically, the present invention relates to compositions and methods for plugging thiet

zones and fractures 1in subterranean formations.

Description of the Related Art

[0002] Water flooding is an important method that can be used to recover oil from both
sandstﬁne and carbonate resérvoirs. Only approximately one third of the original o1l in place
(OOIP) 1s recovered by primary and secondary recovery processes, typically leaving 'two-thirds
of the OOIP trapped i-n reservoirs as residual oil after water flooding. Approximately 50% qf
discovered o1l in the world 1s in carboﬁaté reservoirs with most of these reservoirs having natural

fractures.

[0003] Most of carbonated reservoirs in areas of the world, such as Saudi Arabia, are
completely underlain by water with a large oil column and the gas cap. The gas cap plays a
major role in production of oil fields. To effectively develop carbonated reservoirs having a

large gas cap, early gas breakthrough and gas slippage need to be prevented.
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[0004] A completion methodo_legy referred to as water tlooding has been used to improve oil
recovery and minimize water intrusion in the formatien. Water flooding takes into consideration
the placement of a fracture barTier_ at the toe of the producing well to delay Wateri intrusion and
improve oil recovery efficiency. Others have developed in—depth water flood conformance
imprevement tools that use time-delayed, highly expandable particulate material (e.g., Kernel
particles/Bright water) that can improve the sweep efficiency of a water flood. The expanded
Kernel particles can provide resistance to fluid flow in the formation. The material appears to
_ plug pores at up to about 125 feet from the injector, which generally can result in a reduction of
water cut bly more than 60%. The Kernel particles treatment, however, was intended for diverting

water in the matrix, not the fractures.

[0005] High residual oil saturation 1s in part cause by poor sweep 1n fractured reservoirs.
Conventional water flooding is used to displace oil from the _permeable- Zones or fraetures,
bypassing substantial .atneunts of trapped o1l 1n the lower permeability zones. If the carbonate
reservoilr 18 preferentially oilji.Met, the matrix will retain oil and high residual oil saturation in the

matrix when injected water breakthroughs from fractures and/or high permeability zones ("thiet

Zones').

[0006] The thief zones or fractures are often a rather long distant away from the wellbore, Tt is
preferable to leave the vicinity of the wellbore open and permeable and to plug only the area

considered to be the thief zones. Therefore, plugging the right location is a delicate undertaking

that requires precise distance, fiming and solution properties.

[0007] A need exists for compositions and methods that can be used to plug pores/fractures in
the thief zone. There is also a need to plug thief zones or fractures in the formations that are

farther away (e.g., greater than 125 feet) from the injector or wellbore than other priot methods

S0
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have been able to achieve. It would be advantagéous of such compositions and methods could

be used to control the locations that are to be plugged.

SUMMARY OF THE INVENTION

[0008] In view of the foregoing, the present invention relates to methods and compositions
for use to delay crystallization of a treatment solution so that thief zones or fractures are plugged
in subterranean formatibns at a substantial distance_: from a Wellbore'. In embodiments of the
present. invention, a supersaturated sodium aluminate .solution, or other solutions, are introduced
into the reservoir. The solution 1s relatively stable in the supersaturated state. Crystallization, 0.1~
- de-stabilizing the solution, is controlled, which in turn plugs the thief zone or fracture at a
designed point of time. By controliing the time that crystallization starts, i.e., the induction

period, thiet zones that are located at a substantial distant from the wellbore can be plugged.

[0009] - As an embodiment of the present invention, a treatment fluid for treating a
subterranean formation so that thief zones or fractures in the subterranean formation are plugged
at a substantial distance from a wellboré 15 provided. In this embodiment, the treatment fluid
includes a sodium aluminate solution and a delayed crystalhization additive. The sodium
aluminéte solution inclildes NaAl(OH)s;. The sodium aluminate solution forms gibbsite
(Al(OH); ) within the subterranean formation. The delayed crystallization additive within the
treatment fluid delays crystallization and formation of the gibbsite in the subterranean formation '
so that the_thief ZONES Or fréctures can be plugged with the precipitated gibbsite at a substantial

distance from the wellbore.

[0010]  Another treatment fluid for treating a subterranean formation so that thief zones or

fractures in the subterranean formation are plugged at a substantial distance from a wellbore is

-3 -
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provided as an émbodiment of the present invention. In this embodim_ent, the treatment fluid
includes a supersaturated sodium aluminate solution comprising NaAl(OH)4 prepared using a |
molar ratio of NayO:Al,O5 of about 0.5 to about 4.0 and a delayed crystallization additive. The
' supersaturated sodium aluminate solution forms gibbsite (AI{OH); )} within the subterranean
formation. The supersaturated sodium aluminate solution has a supersaturation ratio ranging
from about 100% to about 300% at a temperatura ranging from about 70°C fo about 200°C. The
delayed crystallization additive within the treatment fluid delays crystallization and formation of
the gibbsite in the subterranean formation so that the thief zones or fractures can be plagged with

the precipitated gibbsite at a substantial distance from the wellbore.

' [0011] As another embodiment of the present invention, a process of treating a subterranean
- formation so that thief zones or fractures are plugged in the subterraneah formation at a
substantial distance from a Weilbore 1s provided. In this embodiment, the process includes
contacting the sabterranean formation with a sodium aluminate solution comprising NaAl(OH),
and a delayed crystallization additiva. The sodium aluminate solution forms gibbsite (AI{OH)s )
within the subterranean formation. . Crystallization of the gibbsite in the subterranean formation
is delayed in this process using the delayed crystallization additive so that the thief zones or

fractures are plugged with the precipitated gibbsite at a substantial distance from the wellbore.

[0012] Embodiments of the present invention are used to plug the thief zone and fractures by
controlling the induction period of the crystallization process. The crystals formed using the
methods and compositions of the present invention can plug fractures as well as the pores in the

matrix at a substantial distance from the wellbore.
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BRIEF DESCRIPTION OF THE DRAWINGS

' .[(}013] S0 that the manner 1n Which the above-recited features, aspects and advantages of the
invention, as well as others that will become apparent, are attained and can be understood in
detail, more particular descripti.on of the invention briefly summarized ab_ove. can be had by
reference to the embodiments thereof that are illustrated in the drawings fhat form a part of this
speciﬁcation. It 1s to be noted, however, that the appended drawings illustrate some

. embodiments of the invention and are, therefore, not to be considered limiting of the invention's

scbpe, for the invention can admit to other equally effective embodiments.

[0014] FIG. 1 is a chart of the nuclei amount versus time for the formation of gibbsite

1lustrating how the induction .period.can vary made 1n accordance with embodiments of the

present invention; and

- [0015]  FIG. 2 1illustrates where the thief zones or fractures can be plugged in the formation

between the injector and the producer in accordance with embodiments of the present invention.

DETAILED DESCRIPTION OF THE DISCLOSURE
[0016] Embodiments of the present invention provide in-situ, in-depth crystallization in the
thief zone or fractures in sandstone or carbonate reservoirs. Furthermore, embodiments of the

present invention relate to methods and compositions that can be used to delay crystallization of

a treatment solution so that thief zones or fractures are plugged in subterranean formations at a

substantial distance from a wellbore.

[0017] In embodiments of the presént invention, a supersaturated sodium aluminate solution,
or other solutions, are introduced into the reservoir. The solution is relatively stable in the

supersaturated state. Crysta]liiation, or de-stabilizing the solution, can be controlled, which in
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turn plugs the thief zone or fracture at a designed point of time. By controlling the time that

crystallization starts, 1.e., the induction period, thief zones that can be located at a substantial

distant from the wellbore can be plugged.

[0018] More specifically, as an embodimeﬁt of the present inventioﬁ, a treatment fluid for
treating a subterranean formation so that thief zones or fractﬁre_s In the subterrancan formation
are plugged at a substantial distance from a wellbore is provided. In this embodiment, the
treatment fluid includes a sodium aluminate solution and a delayed crystallization additive. The
sodium aluminate solution inchides NaAi_(OH)z;. The sodium aluminate solution forms solid
| gibbsite (réferred to as AI(OH); or AI(OH); ) within the subterranean formation. T'he delayed
. crystallization additive within the treatment fluid delays crystéllization and formation of the
gibbsite 1n the subterranean formation so that the thief zones or fractures can be plugged with the

precipitated gibbsite at a substantial distance from the wellbore.

[0019]  Various types of compounds can be used to delajf the crystallization of gibbsite in the
treatment fluid. For example, the delayed crystallization additive can include methanol, a
surfactant; gibbsﬁe seeds, sodium bicarbonate, carbon dioxide, of_ combinations thereof. Other
suitable types of compounds that can be used to delay crystallization and formation of gibbsite in

the treatment fluid will be apparent to those of skill in the art and are to be considered within the

scope of the present invention.

[0020] The amount of the delayed crystallization in the treatment fluid can vary, depending
upon the needed delay time for the specific subterranean formation. Generally, the longer the
needed delay time, the higher the amount of delayed crystallization additive in the treatment
fluid. For example, the delayed crystallization additive caﬁ be present 1n a range of about 0 wt.

7o to about 40 wt. % of the treatment fluid. Other suitable amounts of delayed crystallization

6.
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additive will be apparent'to those of skill in the art and are to be considered within the scope of

the present invention,

- {0021] It 1s possible for the treatment fluid to be sent to aréas that do not necessarily need to
be plugged. If this occurs, the formed crystallized gibbsite can be dissolved using sodium
hydroxide.” For this reason, in an aspect, the treatment fluid can also include sodium hydroxide

~ to dissolve the gibbsite and reform the sodium aluminate solution if the gibbsite needs to be

removed from the subterrancan formation.

[0022] In an aspect, the treatment ﬂuid of embodiments of the present invention is
supersamrated. In another aspect, the sodium aluminate solution 1s supersaturated. The amount
of supersa’;uration varies depending updn the needéd delay time for the subterranecan formation.
For example,' the sodium aluminate solution can have a supersaturation ratio ranging from about
100% to aBout 300% at a temperature ranging from about 70°C to .about 200°C. Other suitable

supersaturation ratios will be apparent to those of skill in the art and are to be considered within

the scope of the present invention.

[0023]  The physical properties of the treatment fluid of the present invention can vary. For
example, the pH can range from about 8 to about 14. Other physical prdperties and ranges for
the physicai propertics that can be used in embodiments of the present invention will be apparent

to those of skill in the art and are to be considered within the scope of the present invention.

[0024]  The sodium aluminate solution can be prepared by (1) reacting Na,O with ALOs, (2)
dissolving aluminum oxide in sodium hydroxide', or (3} dissolving aluminum hydroxide in
sodium hydroxide. In one aspect, the sodium aluminate solution is prepared using a molar ratio

of Na,0:AlOs of about 0.5 to abouf 4.0. Other suitable molar ratios of Na,O:Al,O4 that can be

.7 -
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used in embodiments of the present invention will be apparent to those of skill in the art and are

to be considered within the scope of the present invention,

[0025] . Another treatment fluid for treating a subterranean formation so that thief zones or
fractures in the subterrancan formation are plugged at a Substantial distance from a wellbore 1s
'provided as an embodiment of the present invention. In this embodiment, the treatment {luid
‘includes a supersaturated sodium aluminate solution comprising NaAl(OH), prepared using a
molar ratio of NayO:AlL O3 of about 0.5 to about 4.0 and a delayed crystallization additive. The
s‘upersaturated sOdiurﬁ aluminate solution forms gibbsite (Al(OH):) within the subterranean
formation. The supersaturated sodium aluminate solution has a supersaturation ratio ranging
from about 100% té about 300% é.ta temperature ranging from about 70°C to about 200°C. The
delayed crystaHiZation additive within the treatment fluid delays crystallization and formation of
the gibbsite in the subterranean formation so that the thief Zones or fractures can be plugged with

the precipitated gibbsite at a substantial distance from the wellbore.

[0026]  As another embodiment of the present invention, a process of treating a subterranean
formation so that thief zones or ﬁ*at:tures are plugged in the subterranean formation at a
Substanﬁal distance frqm a wellbore 1s proﬁded. Ih this embodiment, the process includes
contacting the subterranean formation with a sodium aluminate solution comprising NaAl(OH),
~and a delayed crystallization additive. The sodium aluminate solution forms gibbsite (Al(OH);)
within the' subterranean formation. Crystallization of the gibbsite in the subterranean. tormation
18 delayed 1n this process using the delayed crystallization additive so that the thief zones or

fractures can be plugged with the precipitated gibbsite at a substantial distance from the

wellbore.
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[0027]  The sodium aluminate solution 1s generally prepared prior to sending the sodium
aluminate solution into the subterranean formation. In an aspect, the sodium aluminate solution

is maintained at a temperature ranging from about 70°C to about 200°C prior to being contacted

with the subterranean formation.

[0028] Once the sodium aluminate solution 1s contacted with the subterranean formation, the
process conditions are can be Substantially different from above ground conditions. For
‘examples, the subterranean formation can have an operating temperature ranging from about
70°C to abou‘; 200°C. The compositions and methods of the present invention can be used 1n

other temperature ranges that will be apparent to those of skill in the art and are to be considered

within the scope of the present invention.

[0029] In embodiments of the present invention, nucleation occurs after a certain period of
time (1.e., the induction period) has elapsed in a supersaturated solution. The induction period
can be as short as micro-seconds or as long as several days, as generally shown in FIG. 1.
Induction period can be manipulated by agitation, sonication, temperature, seeding, anti-solvents,
and other additives. For example, super-saturated sodium aluminate solution can remain 'in
' supersaturated state for a number of days (6) before 1t precipitates and forms gibbsite (one of
several polymorphs of AI{OH);). The induction period can‘ be changed by temperature, .anti-

'solvents, seeding, additives, and the like. The reaction mechanism for formation of gibbsite is as

follows:

- NaAl(OH) 4 = AI(OH);¢ + NaOH
[0030] The long induction period is generally undesirable and 1s considered a nuisance in
industrial gibbsite production. The long induction period, coupled with additives, however, can

be a useful tool for plugging thief zones/fractures 1 sandstone and carbonate reservoirs. The

.0
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addit_ion of anti-solvents, seeds, additives, and the like to the sodium aluminate solution allows
the induction period to be manipulated. Some suitable additives that can be used to control the

crystallization rate can include methanol, sodium bicarbonate, CO,, and the like.

[0031] Not all additives affect the crystallization rate by the same mechanism. For example,
CO, and sodium bicarbonate change the crystallization rate by neutralizing NaOH and force the
above reaction to shift {o the right hand side, i.é. precipitating out gibbsite. In either mechanism,
gibbsite solid can be formed at a designed .point of time after the supersaturated solution is

1] ected. Asa result, pores/fractures in the thief zone are plugeed.

[0032]  As indicated previously, the process can be reversed if necessary, because aluminum

tri-hydrate 1s soluble in strong base. The reverse reaction mechanism is as follows:

Al{OH)s s+ NaOH -2 NaAl(OH),
[0033]  This reversible re_actioﬁ is advantageous in real oil field applications. Sometimes, the .
reservoir formation is damaged by foréign materials and thus the flow df oil 1s impeded. The
formation Qf gibbsite 'in' the formation can inadvertently plug zones other than the thief zones.
By infroducing sodium hydroxide onto the solidified gibbsite,; liqud sodi'um aluminate solution

* can be regenerated (i.e., the reaction can be reversed) to remove the plug.

- [0034] As an advantage of the present invention, both pores and fractures can be plugged at
different and longer distances from the wellbore using the delayed crystallization methods and
compositions in accordance with embodiments of the present invention. The poi‘es and fractures
can be plugged whether they are close or far away from the injector and the producer.
Additional advantages-include that the process is reversible, the chemicals used in embodiments

of the present invention are safe for the formation and also the environment, and the hydroxide

- 10 -
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ion formed after crystallization can be used as an oil displacing agent. Sweep efficiency by

water tlooding can be improved as a result of using embodiments of the present invention.

[0035] EXAMPLES

[0036] Thief zones or fractures can be near the injector, near the producer, or anywhere' n
between. Once the location of thief zones or fractures has been identified, théy can be plugged
using embodiments of the present invention. Referring now to FIG. 2, a fhief zone/fracture can
be 1dentified first. For example, at the water injection rate, V, the zone is 20 hours (t1) away
from the injector. The pore or fracture volume can be estimated to be F. For example, a slug
~ with a cross section of 10 meter square and a depth of 1 m can be used, the required amount of

sodium aluminate can then be calculated using the pore/fracture volume estimation.

[0037]  Given the above information, a supersaturated sodium aluminate solution at a
particular condition such as silpersaturati_on, temperature, Na,O/Al O3 ratio, NaOH amount, etc.
can then be prepared. Based on the laboratory data, it is estimated that the solution will start

crystallizing in about 20 hours and it will take about 2 hours to complete crystallization.

[0038] The aluminate solution can then be pumped into the injector and the solution can be
over-flushed with hot water, which sends the aluminate solution to the desired depth. The
injector is then shut-in for two hours to allow crystallization to complete. The pluggi'ng

operation ends at time (t1+t2).
[0039] Example A (Control)

J0040] This Control Example demonstrates that the pressure drop through a core is low and

the permeability through the core is high when the core is not plugged. In this Example, a core

S 11 -
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was flooded with water and the pressure drop through the core was recorded to be P1.

Permeability is determined to be X1.

[0041] Examples B

[0042] Example B demonstrates that the pressure droﬁ through the core is higher and the
permeability through the core is lower when the core is plugged by the sodium aluminate
process. A certain amount, V1, of sﬁpér-saturatéd Sodium aluminatc solution was prepared at
temperature from 150°C ina mixing vessel. The solution containéd Wl grams of NayO, W2gof
Al;0O3 and W3 g of NaOH. The supersaturated solution was then pumped into the injector. After
the completion of adding supersaturated sodium aluminate solution, another amount, V2, of hot
water Was pumped into the injector, followed by another amoﬁnt éf water, V3. The injection

- was then stopped for a certain pertod of time, t1, which allowed the complete crystallization of

gibbsite.

[0043]  The plugging opefation was completed after time tl has elapsed. Core flood pressure
drop, P2, was recorded. P2 was greater than P1, indicating formation of plugs. Permeability is
measured to be X2 Darcy. X2 was less than X1, suggesting permeability was impeded by the

formation of the plugs. The core was cross sectioned and analyzed for gibbsite location. It was

tound that most gibbsite deposited 1n the middle section of thé cOTe.
0044] Example C

[0045]  This example demonstrated that the location of the plug was designed by changing the
induction period of the supersaturated solution. ‘Example C was similar to Example B with the

exception that the supersaturated solution contains W1 g of Nay;O, W4 g of Al,0O5, and W3 g of

219 -
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NaOH. The core was cross sectioned and analyzed. It was found that most gibbsite deposited

near the end of the core.

[0046]  Although the present invention has been described in detail, it should be understood

that various changes, substitutions, and alterations can be made hereupon without departing from

the principle and scope of the invention. Acc_oirdingly, the scope of the present invention should

be determined by the following claims and their appropriate legal equivalents.

[0047]  The singular forms "a", "an" and "the" include plural referents, unless the context

clearly dictates otherwise.

[0048]  Optional or-optionally means that the subsequently described event or circumstances

may or may not occur. The description includes instances where the event or circumstance

occurs and 1nstances where it does not occur.

[0049] Ranges may be expressed herein as from about one particular value, and/or to about

another particular value. When such a range is expressed, it is to be understood that another

embodiment is from the one particular value and/or to the other particular value, along with all

combinations within said range.

[0050]  Throughout this application, where patents or publications are referenced, the
disclosures of these references in their entireties are intended to be incorporated by reference into
this application, in order to more fully describe the state of the art to which the invention

pertains, except when these reference contradict the statements made herein.
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[0051] What is claimed is:

1. A treatment tluid for treating a subterrancan formation so that thief zones or fractures in the

subterranean formation are plugged at a substantial distance from a wellbore, the treatment

fluid comprising:

a. a sodium aluminate solution cdmprising NaAl(OH),, the sodium aluminate solution

forming gibbsite (AI(OH); ) within the subterranean formation: and

b. a delayed crystallization additive to delay crystallization and formation of the gibbsite
within the treatment fluid so that the thief zones or fractures can be plugged with the

precipitated gibbsite at a substantial distance from the wellbore.

2. The treatment fluid of claim 1, wherein the delayed crystallization additive comprises
methanol, a surfactant, gibbsite seeds, sodium bicarbonate, carbon dioxide, or combinations

thereof.

3. 'The treatment fluid of any of claims 1 or 2, wherein the delayed crystallization additive is

present in g range of 0% by weight to 40% by weight of the treatment fluid.

4. The treatment fluid of any of claims 1 — 3, further comprising sodium hydroxide to dissolve

the gibbsite and reform the sodium aluminate solution if the gibbsite needs to be removed

from the subterranean formation.

5. The treatment fluid of any of claims 1 — 4, wherein the sodium aluminate solution is.

supersaturated.

6. The treatment fluid of claim 5, wherein the sodium aluminate solution has a supersaturation
ratio ranging from 100% to 300% at a temperature ranging from 70°C to 200°C.
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7. The treatment fluid of any of claims 1 — 6 having a pH ranging from 8 to 14.

8. 'The treatment fluid of any of claims 1 — 7, wherein the sodium aluminate Solutidﬁ 1s prepared

using a molar ratio of Na;O:A1203 0f 0.5 to 4.

9. A treatment fluid for treating a subterranean formation so that thief zones or fractures in the

subterranean formation are plugged at a substantial distance from a wellbore, the treatment

fluid comprising:

a. a supersaturated sodium aluminate solution comprising NaAl(OH), prepared using a
molar ratio of NayO:ALOs of 0.5 to 4, the supersaturated sodium aluminate solution -
forming gibbsite. (Al(OH); ) within the subterrancan fonhation, the supersaturated
'sodium a.luminate soluﬁon having a supersaturation ratio ranging from 100% to 300%

at a temperature ranging from 70°C to 200°C; and

b. a delayed crystallization additive to delay crystallization and formation of the gibbsite
within the treatment fluid so that the thief zones or fractures can be plugged with the

precipitated gibbsite at a substantial distance from the wellbore.

10. The treatment fluid of claim 9, wherein the delayed _crjstallization additive comprises

methanol, a surfactant, gibbsite seeds, sodium bicarbonate, carbon dioxide, or combinations

thereof.

11. The treatment fluid of any of claims 9 or 10, wherein the delayed crystallization additive is '

present in a range of 0% by weight to 40% by wéigh’s of the treatment fluid.
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12. The treatment fluid of any of claims 9 — 11, further comprising sodium hydroxide to dissolve

~ the gibbsite and reform the sodium aluminate solution if the gibbsite needs to be removed

from the subterranean formation.
13. The treatment fluid of any of claims 9 — 12 having a pH ranging from 8 to 14.

14. A process of treating a subterrancan formation so that thief zones or fractures are plugged in
the subterranean formation at a substantial distance from a wellbore, the process comprising

the steps of:

a. contacting the subterranean formation with a sodium aluminate solution comprising
NaAl(OH)4 and a delayed crystallization additive, the sodium aluminate solution

forming gibbsite (AI(OH); ) within the subterranean formation; and

b. delaying crystallization of the gibbsite using the delayed crystallization additive so
that the thief zones or fractures can be plugged with the precipitated gibbsite at a

- substantial distance from the wellbore.

15. The process of claim 14, wherein the delayed crystallization additive comprises methanol, a

surfactant, gibbsite seeds, sodium bicarbonate, carbon dioxide, or combinations thereof.

16. The process of any of claims 14 or 15, wherein the delayed crystallization additive is present

in a range of 0% by weight to 40% by weight of the treatment fluid.

17. The process of anybf claims 14 — 16, wherein the further comprising sodium hydroxide to
dissolve the gibbsite and reform the sodium aluminate solution if the gibbsite needs to be

removed from the subterranean formation.
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19.

20.

21,

22.

23,

24,

23.
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The process of any of claims 14 — 17, wherein the sodium aluminate solution is

‘supersaturated.

The process of claim 18, wherein the sodium aluminate solution has a supersaturation ratio

ranging from 100% to 300% at a temperature ranging from 70°C to 200°C.

The process of any of claims 14 - 19 having a pH ranging from 8 to 14.

The process of any of claims 14 — 20, wherein the sodium aluminate solution is prepared

using a molar ratio of Na;O:Al,03 of 0.5 to 4.

The prot:ess of any of claims 14 — 21, wherein the sodium aluminate solution 1s mamtained at

a temperature ranging from 70°C to 200°C prior to being contacted with the subterranean

formation.

The process of any of claims 14 — 22, wherein the subterraniean formation has a temperature

ranging from 70°C to 200°C.

The proceés of any of claims 14 — 23, wherein the step of contacting the subterranean
formation with the sodium aluminate solution includes contacting the subterranean formation

with a hot water slug at a ratio of the sodium aluminate solution to hot water slug ranging

from 10 to 0.01.

The process of any of claims 14 — 24, wherein the step of delaying Crystallization occurs such

that complete crystallization occurs at a crystallization time that ranges from 10 minutes to

100 days.
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