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GEL FORMATION FROM REACTION HEATING

Claim of Priority

[0001] This application claims priority to U.S. Patent Application No. 18/310,299
filed on May 1, 2023, the entire contents of which are hereby incorporated by

reference.

Technical Field

[0002] This disclosure relates to methods of heating a solution to form gels.

Background
[0003] Enhanced oil recovery generally uses the injection of a sweep liquid

through an injection well to push oil through a reservoir to a production well.
However, flow pathways, such as high permeability regions and fractures, may allow
the sweep liquid to bypass the oil and flow directly from the injection well to the
production well. Various techniques have been explored to seal the fractures. forcing
the liquids to flow through the reservoir rather than the fractures. However, injecting
materials that form gels risks damage to the formation by gelling before reaching the
fractures. Accordingly, techniques are needed to control the initiation of the gelling

reaction.

Summary
[0004] An embodiment disclosed herein provides a method for sealing a high

permeability region in a reservoir. The method includes injecting a gel precursor
solution into a high permeability region in a reservoir, injecting a sodium nitrite
solution proximate to the high permeability region, and injecting an ammonium
chloride solution proximate to the high permeability region. The ammonium chloride
solution and the sodium nitrite solution are mixed proximate to the high permeability
region. The ammonium chloride solution and the sodium nitrite solution are allowed to
react, increasing the temperature of the reservoir proximate to the high permeability
region. The gel precursor solution is allowed to react to form a solid gel in the high

permeability region.
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Brief Description of Drawings

[0005] Figure 1A is a schematic of an initial state before the gel and two salt
solutions are injected.

[0006] Figure 1B is a schematic of the gel injection process.

[0007] Figure 1C is a schematic of the injection of the two salt solution.

[0008] Figure 1D is a schematic of the reservoir after the fractures are sealed.
[0009] Figure 2 is a process flow diagram of a method for sealing fractures in a
formation using two salt solution to generate heat, triggering gelling of a gel precursor
solution.

[0010] Figure 3 is a drawing of an increase in temperature as the two salt solutions

react.

Detailed Description

[0011] Embodiments described herein provide a method for sealing fractures and
high permeability channels in a reservoir to improve oil production during the
injection of sweep liquids. such as water. In the method, a solution of a gel precursor is
injected in the area of the fractures in the reservoir. The gel precursor is selected to
solidify at an elevated temperature, such as greater than about 70 °C, greater than
about 80 °C, or greater than about 90 °C. The heat is generated by the reaction of two
salt solutions into the vicinity of the gel precursor. The salt solution include
ammonium chloride (NH4Cl) and sodium nitrite (NaNO2), which react upon contact in
the presence of a triggering condition, as shown in the following formula:

NaNOQz + NH4Cl — NaCl + H20 + N2t
The reaction is exothermic and irreversible, with a AHrx of —=79.95 kcal mol™, and a
Keq 0f 3.9¢71 Paxmole m™ at 25 °C.
[0012] The triggering condition is a pH of less than about 4 or a temperature of
greater than about 60 °C. The heat generated will raise the formation temperature
causing the gel to solidify and block the high permeability channels or fractures in the
reservoir.
[0013] Figure 1A is a schematic drawing of an initial state before the gel and two
salt solutions are injected. As shown in Figure 1A, enhanced oil recovery (EOR) fluid
is injected through an injection well 102 into the reservoir 104. The EOR fluid flows

through the reservoir 104 forcing oil towards the production well 106. However, in the
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reservoir 104, high permeability zone or fractures 108 may allow the EOR fluid to
bypass a portion of the reservoir 104, decreasing the efficacy of the injection, and
lowering the production of oil from the reservoir 104,

[0014] As described herein, this can be mitigated by sealing the fractures, for
example, with a gel. Sealing fractures with a gel often requires a high temperature to
activate the gelling reactions. However, in lower temperature reservoirs, such as
shallower reservoirs. the temperatures may not be sufficient for activation of the
gelling reactions. The method disclosed herein provides a source of heat to force the
gelling reaction to proceed. The processes involved are summarized in the schematic
diagrams shown in Figures 1B through 1D.

[0015] Figure 1B is a schematic drawing of the gel injection process. A gel
precursor solution 110 is injected through coiled tubing 112 placed in the injection
well 102 directly to the fractures section of the reservoir. The gel precursor solution
will not generally form a gel until heated. Any number of gelling materials that are
sensitive to heat for gel formation may be used in the gel precursor solution 110.
[0016] In some embodiments, the gel precursor solution 110 includes a water-
soluble polymer, such as a biopolymer or a synthetic polymer. In various
embodiments, the polymer is a polyacrylamide, an acrylamide copolymer, a
polysaccharide, or any combination thereof. The polysaccharide can include guar gum,
hydroxypropyl guar gum, or xanthan gum, among others.

[0017] The gel precursor solution 110 will also include a cross-linking agent or
cross-linker. In some embodiments, the cross-linker 1s a multivalent cation, such as
Cr(III), Al(IIT), or Ti(IIl), among others, or any combination thereof. In some
embodiments, the cross-linker is an organic chemical, such as
hexamethylenetetramine, resorcinol, chromium acetate, chromium malonate, or
polvethyleneimine, among others, or any combination thereof.

[0018] In various embodiments, the concentration of the polymer in the gel
precursor solution is between about 500 ppm and about 50,000 ppm. In some
embodiments, the concentration of the polymer in the gel precursor solution is between
about 10,000 ppm and about 45,000 ppm, or between about 15,000 ppm and about
30,000 ppm. In some embodiments, the concentration of the polymer in the gel
precursor solution is about 40,000 ppm. As the gel is being used for sealing the

fractures. and not for viscosity increase in solutions, a higher concentration may be
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selected. Alternatively, the location of the fractures in the reservoir may be difficult to
reach at a high polymer concentration.

[0019] In various embodiments, the concentration of the cross-linker is between
about 10 ppm and about 10,000 ppm. In some embodiments, the concentration of the
cross-linker is between about 50 ppm and about 5000 ppm, or between about 100 ppm
and about 2500 ppm or about 200 ppm. The concentration of the cross-linker can be
used to control the speed at which the gel forms. Accordingly, a higher concentration
may be selected for sealing fractures close to the injection well, while a lower
concentration may be selected for sealing fractures farther from the injection well.
[0020] Figure 1C is a schematic of the injection of the two salt solutions 114 and
116. Once the gel precursor solution 110 has been injected, heat may be generated in
situ by the reaction of the two salts. This may be performed by injecting a solution of
NH4Cl(aq.) 114 through a first coiled tubing line 118, and injecting a solution of
NaNO2(aq.) 116 through a second coiled tubing line 120, or through the tubing of the
injection well 102.

[0021] In various embodiments. the solution of NaNO2 (aq.) has a concentration of
between about 1 molar (M) and about 10 M, or between about 2 M and about 5 M, or
between about 3 M and about 4 M. In some embodiments, the concentration of the
sodium nitrite solution is about 1 M, 2 M, 3 M, 4 M, or 5 M.

[0022] In various embodiments, the solution of NH4Cl (aq.) has a concentration of
between about 1 molar (M) and about 7 M. or between about 3 M and about 5 M, or
between about 3 M and about 4 M. In some embodiments, the concentration of the
ammonium chloride solution is about 1 M, 2 M, 3 M, 4 M, or 5 M.

[0023] Upon mixing of the two solutions 114 and 116 downhole at a temperature
of 60 °C or more, heat is generated and the temperature of the formation rises. For
reservoirs with lower temperatures, the reaction can be triggered by lowering the pH
value of the NH4Cl solution to less than about 4. Lowering the pH can be performed
by the addition of either inorganic or organic acids. For example, in some
embodiments, HCI is added to the NH4Cl solution prior to injection. In some
embodiments, acetic acid is added to the NH4Cl solution prior to injection. The
concentration of the acid is determined by the pH targeted, for example, less than
about 4. A higher concentration of the acid, resulting in a lower pH, can accelerate the

reaction increasing the amount of heat generated. In various embodiments, an acid is
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added to the solution of NH4Cl (aq.) to lower the pH to below 4, for example, to
between about 2.0 and about 4.0, or between about 2.5 and about 3.5, or about 3.5,
about 3.0, about 2.5, about 2.0, or lower. In some embodiments, the acid is an organic
acid, for example, formic acid, oxalic acid, acetic acid, and the like. In some
embodiments, the acid is an inorganic acid, for example, hydrochloric acid, sulfuric
acid, and the like.

[0024] Figure 1D is a schematic of enhanced oil recovery of the reservoir 104 after
the fractures 108 are sealed, forming sealed fractures 122. In this schematic, enhanced
oil recovery fluids from the injection well 102 will pass through areas of the reservoir
104 that were previously bypassed, forcing oil to the production well 106. This will
increase the amount of oil that can be produced from the reservoir 104.

[0025] Figure 2 is a process flow diagram of a method 200 for sealing fractures in
a formation using two salt solution to generate heat to activate the gelling of a gel
precursor solutions. The method 200 begins at block 202 with the mixing of an
ammonium chloride solution. At block 204, a sodium nitrite solution is mixed.

[0026] At block 206, an acid is added to the ammonium chloride solution. If the
reservoir is at a sufficiently high temperature, for example, above 60 °C. At block 208,
the precursor gel solution is mixed. As described herein, the concentration of the
components may be adjusted 1o control the gelation time.

[0027] At block 210, the gel precursor solution is injected into a high permeability
region of the reservoir. This may be performed using a coiled tubing line to the high
permeability region. The high permeability region may include fractures, sand beds, or
other high permeability materials.

[0028] At block 212, the ammonium chloride solution and sodium nitrite solution
proximate to the high permeability region of the reservoir. For example, the solutions
may be injected above or below the portion of the high permeability region of the
reservoir that holds the gel precursor solution. In some embodiments, the solutions are
injected into the well bore next to the high permeability region of the reservoir to start
the gelation reaction. which may then continue deeper into the high permeability
region of the reservoir.

[0029] At block 214, the gel is allowed to form in the high permeability region of

the reservoir. This may take about 10 min., about 30 min., about 1 hour, about 5 hours,
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about 24 hours, or about 48 hours, or longer, depending on the size of the high
permeability region of the reservoir.

[0030] Example

[0031] As noted herein, the reaction is exothermic. The amount of generated heat
is function of the media temperature and acidity as well as the concentration of the salt
solutions. The heat that can be generated by the reaction of the two salts was tested in
a high temperature/high pressure reactor by reacting 64 mL of a 3M solution of
NaNO:2 with 36 mL of a 3M solution of NH4Cl. The reaction was catalyzed by the
addition of 0.5 mL of acetic acid to the NH4Cl solution. Figure 3 is a plot of an
increase in temperature as the two salt solutions react. Higher temperatures can be
achieved using higher concentrations of the salts.

[0032] Embodiments

[0033] An embodiment disclosed herein provides a method for sealing a high
permeability region in a reservoir. The method includes injecting a gel precursor
solution into a high permeability region in a reservoir, injecting a sodium nitrite
solution proximate to the high permeability region, and injecting an ammonium
chloride solution proximate to the high permeability region. The ammonium chloride
solution and the sodium nitrite solution are mixed proximate to the high permeability
region. The ammonium chloride solution and the sodium nitrite solution are allowed to
react, increasing the temperature of the reservoir proximate to the high permeability
region. The gel precursor solution is allowed to react to form a solid gel in the high
permeability region.

[0034] In an aspect, the method includes injecting the ammonium chloride solution
through a first coiled tubing line placed proximate to the high permeability region.
[0035] In an aspect, the method includes injecting the sodium nitrite solution
through a second coiled tubing line placed proximate to the high permeability region.
[0036] In an aspect, the method includes injecting the sodium nitrite solution
through an injection line, outside of a coiled tubing line holding the ammonium
chloride solution.

[0037] In an aspect, the method includes mixing a gel precursor solution, wherein
the gel precursor solution includes a water-soluble polymer and a cross-linker. In an

aspect, the water-soluble polymer includes a biopolvmer or a synthetic polymer. In an
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aspect, the water-soluble polymer includes a polyacrylamide, an acrylamide
copolymer, a polysaccharide, or any combination thereof.

[0038] In an aspect, the concentration of the water-soluble polymer in the gel
precursor solution is between about S00 ppm and about 50,000 ppm. In an aspect, the
concentration of the water-soluble polymer in the gel precursor solution is about
40,000 ppm.

[0039] In an aspect, the cross-linker includes a multivalent cation. In an aspect. the
cross-linker includes Cr(IIT), AIL(IIT), or Ti(IIl), or any combination thereof.

[0040] In an aspect, the cross-linker includes an organic compound. In an aspect,
the cross-linker includes hexamethylenetetramine, resorcinol, chromium acetate,
chromium malonate. or polyethyleneimine, or any combination thereof.

[0041] In an aspect, the concentration of the cross-linker in the gel precursor
solution is between about 10 ppm and about 10,000 ppm. In an aspect, the
concentration of the cross-linker in the gel precursor solution is about 200 ppm.

[0042] In an aspect, the sodium nitrite solution is about 1 molar (M) in
concentration, about 2 M in concentration, about 3 M in concentration. about 4 M in
concentration, or about 5 M in concentration.

[0043] In an aspect, the ammonium chloride solution is about 1 molar (M) in
concentration, about 2 M in concentration, about 3 M in concentration, about 4 M in
concentration, or about 5 M in concentration.

[0044] In an aspect, the method includes adjusting a concentration of the sodium
nitrite solution and a concentration of the ammonium chloride solution to control the
temperature generated by the reaction.

[0045] In an aspect, the method includes mixing an acid with the ammonium
chloride solution to adjust the pH to about 1, about 2. about 3, or about 4. In an aspect,
the method includes adjusting the pH to control a reaction time of the sodium nitrite
with the ammonium chloride.

[0046] In an aspect, the method includes allowing the ammonium chloride solution
and the sodium nitrite solution to react for about 5 minutes. about 10 minutes, or about
20 minutes.

[0047] In an aspect, the method includes allowing the gel precursor solution to
react to form a solid gel for about 10 min., about 30 min., about 1 hour, about 5 hours,

about 24 hours, or about 48 hours.
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Claims

What is claimed is:

1. A method for sealing a high permeability region in a reservoir,
comprising;

injecting a gel precursor solution into a high permeability region in a reservoir;

injecting a sodium nitrite solution proximate to the high permeability region;

injecting an ammonium chloride solution proximate to the high permeability
region;

mixing the ammonium chloride solution and the sodium nitrite solution
proximate to the high permeability region;

allowing the ammonium chloride solution and the sodium nitrite solution to
react, increasing the temperature of the reservoir proximate to the high
permeability region; and

allowing the gel precursor solution to react to form a solid gel in the high

permeability region.

2. The method of claim 1, comprising injecting the ammonium chloride
solution through a first coiled tubing line placed proximate to the high permeability

region.

3. The method of claim 1, comprising injecting the sodium nitrite solution

through a second coiled tubing line placed proximate to the high permeability region.

4, The method of claim 1, comprising injecting the sodium nitrite solution
through an injection line, outside of a coiled tubing line holding the ammonium

chloride solution.
5. The method of claim 1, comprising mixing a gel precursor solution,

wherein the gel precursor solution comprises a water-soluble polymer and a cross-

linker.

9
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polyacrylamide, an acrylamide copolymer, a polysaccharide, or any combination

thereof.

8. The method of claim 5, wherein the concentration of the water-soluble

polymer in the gel precursor solution is between about 500 ppm and about 50,000

9. The method of claim 5, wherein the concentration of the water-soluble

polymer in the gel precursor solution is about 40,000 ppm.

10. The method of claim 5, wherein the cross-linker comprises a

multivalent cation.

11. The method of claim 10, wherein the cross-linker comprises Cr(III),

AI(III), or Ti(Il), or any combination thereof.

12. The method of claim 5, wherein the cross-linker comprises an organic
compound.
13. The method of claim 12, wherein the cross-linker comprises

hexamethylenetetramine, resorcinol, chromium acetate, chromium malonate, or

polyethyleneimine, or any combination thereof.

14. The method of claim 5, wherein the concentration of the cross-linker in

the gel precursor solution is between about 10 ppm and about 10,000 ppm.

15. The method of claim 5, wherein the concentration of the cross-linker in

the gel precursor solution is about 200 ppm.

10
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16. The method of claim 1, wherein the sodium nitrite solution is about 1
molar (M) in concentration, about 2 M in concentration, about 3 M in concentration,

about 4 M 1n concentration, or about 5 M in concentration.

17. The method of claim 1, wherein the ammonium chloride solution is
about 1 molar (M) in concentration, about 2 M in concentration, about 3 M in

concentration, about 4 M in concentration, or about 5 M in concentration.

18. The method of claim 1, comprising adjusting a concentration of the
sodium nitrite solution and a concentration of the ammonium chloride solution to

control the temperature generated by the reaction.

19. The method of claim 1, comprising mixing an acid with the ammonium

chloride solution to adjust the pH to about 1, about 2, about 3, or about 4.

20. The method of claim 19, comprising adjusting the pH to control a

reaction time of the sodium nitrite with the ammonium chloride.

21. The method of claim 1, comprising allowing the ammonium chloride
solution and the sodium nitrite solution to react for about 5 minutes, about 10 minutes,

or about 20 minutes.
22 The method of claim 1, comprising allowing the gel precursor solution

to react to form a solid gel for about 10 min., about 30 min., about 1 hour, about 5

hours, about 24 hours, or about 48 hours.

11
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