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METHODS TO MONITOR A METALLIC SEALANT DEPLOYED IN A WELLBORE,
METHODS TO MONITOR FLUID DISPLACEMENT, AND DOWNHOLE METALLIC
SEALANT MEASUREMENT SYSTEMS

Background

[0001] The present disclosure relates generally to methods to monitor a metallic sealant deployed
in a wellbore, methods to monitor fluid displacement of fluids flowing in a wellbore, and downhole
metallic sealant measurement systems.

[0002] Sealants, such as expandable packers, are sometimes deployed in a wellbore to isolate
sections of the wellbore or to isolate sections of pipes deployed in the wellbore. Some sealants
have outer diameters that are less than the outer diameter of a wellbore to allow initial deployment
of the respective sealants. The respective sealants have material properties that allow the sealants
to expand after the sealants are deployed at desirable locations in the wellbore. Some sealants are
deployed hundreds of feet below the surface. As such, it is difficult to monitor deployment and

expansion of sealants that are deployed downhole.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The following figures are included to illustrate certain aspects of the present disclosure,
and should not be viewed as exclusive embodiments. The subject matter disclosed is capable of
considerable modifications, alterations, combinations, and equivalents in form and function,
without departing from the scope of this disclosure.
[0004] FIG. 1A illustrates a schematic view of an on-shore well having a metallic sealant
measurement system deployed in the well,
[0005] FIG. 1B illustrates a schematic view of an off-shore platform having a metallic sealant
measurement system deployed in the well;
[0006] FIG. 2A illustrates a perspective view of a metallic sealant measurement system
deployable in the environments of FIGS. 1A and 1B,
[0007] FIG. 2B illustrates a perspective view of another metallic sealant measurement system
deployable in the environments of FIGS. 1A and 1B,
[0008] FIG. 2C illustrates a perspective view of another metallic sealant measurement system
deployable in the environments of FIGS. 1A and 1B,
[0009] FIG. 3 illustrates a plot of the change in temperature at a location proximate to a metallic
sealant in response to a change in pressure applied to the metallic sealant;
[0010] FIG. 4 is a flow chart of a process to monitor expansion of a downhole metallic sealant;
and
[0011] FIG. 5 is a flow chart of a process to monitor downhole fluid displacement.
[0012] The illustrated figures are only exemplary and are not intended to assert or imply any
limitation with regard to the environment, architecture, design, or process in which different

embodiments may be implemented.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0013] In the following detailed description of the illustrative embodiments, reference is made to
the accompanying drawings that form a part hereof. These embodiments are described in sufficient
detail to enable those skilled in the art to practice the invention, and it is understood that other
embodiments may be utilized and that logical structural, mechanical, electrical, and chemical
changes may be made without departing from the spirit or scope of the invention. To avoid detail
not necessary to enable those skilled in the art to practice the embodiments described herein, the
description may omit certain information known to those skilled in the art. The following detailed
description is, therefore, not to be taken in a limiting sense, and the scope of the illustrative
embodiments is defined only by the appended claims.

[0014] The present disclosure relates to methods to monitor expansion of a metallic sealant
deployed in a wellbore, methods to monitor fluid displacement of fluids flowing in a wellbore, and
downhole metallic sealant measurement systems. As referred to herein, a sealant is any apparatus,
device, or component that is deployable in a downhole environment and is operable to form a
partial or complete seal of a section of a wellbore, between a wellbore and a string (e.g., between
the outer diameter of a drill pipe and the wellbore), or another equipment deployed in the wellbore,
or between equipment deployed in the wellbore (e.g., between the outer diameter of an inner string
and the inner diameter of an outer string, between a tool deployed in a string and the inner diameter
of the string, etc.). Examples of sealants include, but are not limited to, packers, bridge plugs,
inflow control device plugs, autonomous inflow control device plugs, frac plugs, and frac balls.
As referred to herein, a metallic sealant or a metal sealant is any sealant formed or partially formed
from a metal or a metallic alloy. In some embodiments, the metallic sealant is constructed by
forming the metal alloy via machining, casting, or a combination of both, extruded to size, or
extruded then machined to size. Examples of metallic sealants include, but are not limited to,
sealants partially or completely constructed from magnesium, aluminum, calcium, zinc, as well as
other types of earth metals and transition metals. In some embodiments, the metallic sealant is a
metal alloy of a base metal with other elements in order to either adjust the strength of the metal
alloy, to adjust the reaction time of the metal alloy, or to adjust the strength of the resulting metal
hydroxide byproduct. For example, metal alloy can be alloyed with elements that enhance the
strength of the metal such as, but not limited to, aluminum, zinc, manganese, zirconium, yttrium,

neodymium, gadolinium, silver, calcium, tin, and rhenium. In some embodiments, the alloy can
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be alloyed with a dopant that promotes corrosion, such as nickel, iron, copper, cobalt, iridium,
gold, carbon, gallium, indium, mercury, bismuth, tin, and palladium. In some embodiments, the
metallic sealant is constructed in a solid solution process where the elements are combined with
molten metal or metal alloy. Alternatively, the metallic sealant is constructed with a powder
metallurgy process. In some embodiments, the metallic sealant is cast, forged, extruded, or a
combination thereof.

[0015] The metallic sealant is deployed at a desired location in the wellbore. In some
embodiments, a reacting fluid flows into the wellbore to initiate a galvanic reaction. As referred
to herein, a reacting fluid is any fluid having material properties that cause the metallic sealant to
undergo a galvanic reaction after the respective fluid is exposed to the metallic sealant. Examples
of reacting fluids include, but are not limited to, water, fluids containing salts, as well as other
fluids that cause metallic sealant to undergo a galvanic reaction after the respective fluid is exposed
to the metallic sealant. The galvanic reaction causes the metallic sealant to expand, filling the
annulus, thereby creating a seal. In some embodiments, the metallic sealant is deployed in a
wellbore that contains the reacting fluid. Heat is released as a byproduct of the galvanic reaction,
and a temperature sensor deployed nearby measures a change in the temperature due to heat
released from the galvanic reaction. In some embodiments, the temperature change is measured
over a period of time (e.g., one millisecond, one second, one minute, or another period of time).
In some embodiments, the temperature change is the temperature differential at two points (e.g.,
two points on the metallic sealant). In some embodiments, the temperature sensor is a fiber optic
cable deployed along the wellbore. In some embodiments, the temperature sensor is a component
of a logging tool or another equipment deployed in the wellbore. In some embodiments, the
temperature sensor is a wired or wireless device deployed in the wellbore. The change in the
temperature due to the galvanic reaction is utilized to determine the amount of expansion of the
metallic sealant, and to determine whether a seal has been formed. In some embodiments, a dopant
is added to the metallic sealant to increase or to decrease the rate of the galvanic reaction and to
control the galvanic reaction to form a seal within a threshold period of time or within a
predetermined period of time. Additional descriptions of metallic sealants, galvanic reactions, and
the amount of heat released as a result of galvanic reactions are provided in the paragraphs below.
[0016] In some embodiments, where the integrity of a seal formed by a metallic seal is jeopardized,

exposing the metallic seal to a reacting fluid allows the metallic seal to self-heal and to form a new
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seal. More particularly, after a previously-formed seal is broken, portions of the metallic seal that
were not exposed to the reacting fluid to form the initial seal may be exposed to the reacting fluid
(e.g., the initially unexposed portion of the metallic seal now forms a surface portion of the metallic
seal). Further, exposure of the initially unexposed portion of the metallic seal causes the initially
unexposed portion to expand, thereby forming a new seal. A change in temperature as a result of
heat released from the galvanic reaction is measured and is used to determine the amount of the
expansion of the metallic sealant, and to determine whether a new seal has been formed. In some
embodiments, a pressure sensor (e.g., a component of the metallic sealant measurement system)
detects a differential pressure on the metallic sealant, or across one or more points proximate to
the metallic sealant. In one or more of such embodiments, and in response to determining a
pressure differential greater than a threshold value, the metallic sealant measurement system
determines that the initial seal has been broken. In one or more of such embodiments, additional
reacting fluid is provided to initiate another galvanic reaction to allow the metallic sealant to self-
heal and to form a new seal.

[0017] The foregoing may also be utilized to monitor fluid displacement within the wellbore. For
example, where non-reacting fluid is in the wellbore, monitoring a temperature change due to a
galvanic reaction caused by exposing the metallic sealant to a reacting fluid is also used to
determine whether the non-reacting fluid has been displaced (e.g., into a return annulus that flows
to the surface). As referred to herein, a non-reacting fluid is a fluid that does not cause a galvanic
reaction with the metallic sealant when the metallic sealant is exposed to the non-reacting fluid.
Continuing with the foregoing example, after the metallic sealant is exposed to the reacting fluid,
a temperature change due to heat released as a byproduct of the galvanic reaction is measured to
determine how much the metallic sealant expanded as a result of the galvanic reaction. In some
embodiments, the expansion is a chemical reaction that changes the chemical composition of the
metal as the metallic sealant chemically reacts to become a metal hydroxide. In one or more
embodiments, the metal creates a pressure barrier between two sections of the wellbore. The
volume of expansion is then utilized to determine the amount of non-reactive fluid displaced as a
result of the expansion of the metallic sealant. Similarly, where the integrity of a seal formed by
a metallic seal is jeopardized, exposing the metallic seal to the reacting fluid allows the metallic
seal to self-heal, and to form a new seal. More particularly, after a previously-formed seal is

broken, portions of the metallic seal that were not exposed to the reacting fluid to form the initial

5.



10

15

25

30

seal may be exposed to the reacting fluid, and exposure of the initially unexposed portion of the
metallic seal causes the initially unexposed portion to expand, thereby forming a new seal. A
change in temperature as a result of heat released from the galvanic reaction is measured and is
used to determine the amount of expanded metallic sealant, and to determine the amount of the
non-reactive fluid displaced as a result of the expansion of the metallic sealant. In some
embodiments, where the amount of displaced fluid is measured (e.g., by a downhole sensor), the
amount of expanded metallic sealant is determined based on the amount of the displaced fluid. In
some embodiments, a sealant capacity of the metallic sealant is determined based on the amount
of expansion of the metallic sealant. As referred to herein, a sealant capacity is a measure of
differential pressure holding capability of a material, such as the metallic sealant. Additional
details of the foregoing methods to monitor a metallic sealant deployed in a wellbore, methods to
monitor fluid displacement of fluids flowing in a wellbore, and downhole metallic sealant
measurement systems are provided in the paragraphs below and are illustrated in at least FIGS. 1-
5.

[0018] Now turning to the figures, FIG. 1A illustrates a schematic view of an on-shore well 112
having a metallic sealant measurement system 119 deployed in the well 112. The well 112
includes a wellbore 116 that extends from surface 108 of the well 112 to a subterranean substrate
or formation 120. The well 112 and rig 104 are illustrated onshore in FIG. 1A. Alternatively,
FIG. 1B illustrates a schematic view of an off-shore platform 132 having a metallic sealant
measurement system 119 according to an illustrative embodiment. The metallic sealant
measurement system 119 in FIG. 1B may be deployed in a sub-sea well 136 accessed by the
offshore platform 132. The offshore platform 132 may be a floating platform or may instead be
anchored to a seabed 140.

[0019] In the embodiments illustrated in FIGS. 1A and 1B, the wellbore 116 has been formed by
a drilling process in which dirt, rock and other subterranean material is removed to create the
wellbore 116. During or after the drilling process, a portion of the wellbore 116 may be cased
with a casing (not illustrated). In other embodiments, the wellbore 116 may be maintained in an
open-hole configuration without casing. The embodiments described herein are applicable to
either cased or open-hole configurations of the wellbore 116, or a combination of cased and open-

hole configurations in a particular wellbore.
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[0020] After drilling of the wellbore 116 is complete and the associated drill bit and drill string
are “tripped” from the wellbore 116, a work string 150, which may eventually function as a
production string, is lowered into the wellbore 116. In some embodiments, the work string 150
includes an annulus 194 disposed longitudinally in the work string 150 that provides fluid
communication between the surface 108 of the well 112 of FIG. 1A and a downhole location in
the formation 120.

[0021] The lowering of the work string 150 may be accomplished by a lift assembly 154 associated
with a derrick 158 positioned on or adjacent to the rig 104 as shown in FIG. 1A or offshore platform
132 as shown in FIG. 1B. The lift assembly 154 may include a hook 162, a cable 166, a traveling
block (not shown), and a hoist (not shown) that cooperatively work together to lift or lower a
swivel 170 that is coupled to an upper end of the work string 150. The work string 150 may be
raised or lowered as needed to add additional sections of tubing to the work string 150 to position
the metallic sealant measurement system 119 at the downhole location in the wellbore 116.

[0022] As described herein and illustrated in at least FIGS. 2A-2C, the metallic sealant
measurement system 119 includes a metallic sealant and a temperature sensor. In some
embodiments, the temperature sensor is at least one of a fiber optic cable, a thermometer, and a
component of a logging tool. A surface-based fluid (e.g., reacting fluid) flows from the inlet
conduit 186 of FIG. 1A, through the annulus 194 of the work string 150. In the embodiments of
FIGS. 1A and 1B, the work string 150 has an opening (not shown) that allows fluid to flow through
the opening towards the metallic sealant measurement system 119. Exposing the metallic sealant
to the reacting fluid initiates a galvanic reaction, which causes an expansion of the metallic sealant,
thereby forming a seal.

[0023] In one or more embodiments, where the metallic sealant is formed from magnesium, and
the reacting fluid is water, the reaction of magnesium and water is expressed as the following:
Mg + 2H20 -> Mg(OH)2 + Ha.

In the foregoing embodiment, the amount of heat related is the standard enthalpy of formation for
magnesium hydroxide (924KJ/mol) minus two times the standard enthalpy of formation of water
(-2*285KJ/mol), is 53KJ/mol released. In one or more embodiments, a eight pound section of the
metallic sealant that is formed from magnesium is 149 mol of magnesium. Exposing the eight

pound section of magnesium to water would release approximately S3MJ of energy as heat.
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[0024] In one or more embodiments, where the metallic sealant is formed from magnesium, and

the reacting fluid is water, the reaction of magnesium and water is expressed as the following;
Al +3H20 -> AI(OH)3 + 3/2 Ha.

In the foregoing embodiment, the amount of heat related is the standard enthalpy of formation for
aluminum hydroxide (1277KJ/mol) minus three times the standard enthalpy of formation of water
(-3*285KJ/mol), is 422KJ/mol released. In one or more embodiments, an eight pound section of
the metallic sealant that is formed from aluminum is 134 mol of aluminum. Exposing the eight
pound section of aluminum to water would release approximately S6MJ of energy as heat.

[0025] The temperature sensor monitors heat released from the galvanic reaction and determines
a temperature change due to the galvanic reaction. In some embodiments, the temperature change
is measured at two different points on the metallic sealant or proximate to the metallic sealant. In
some embodiments, the temperature change is the change in temperature at a point on the metallic
sealant or proximate to the metallic sealant over time.

[0026] In some embodiments, the speed of the chemical reaction is varied by the addition of
dopants into the metallic sealant, or by the pH or other additives in the reactive fluid. For example,
adding an anhydrous acid powder to the metallic sealant would make the reactive fluid more acidic,
which would accelerate the reaction and would allow most or all of the particulates stay in solution
than participate into the wellbore 116. In some embodiments, where an acid is added to the
reactive fluid, the acid is an inorganic acid, such as Hydrochloric acid. In some embodiments, the
acid is an organic acid, such as, but not limited to, citric acid, acetic acid, or formic acid. In some
embodiments, the addition of dopants and/or additives decreases the reaction time of galvanic
reactions from a period of weeks (e.g., 2 weeks) to minutes (e.g., 15 minutes). Similarly, certain
dopants and/or additives are also added to prolong the reaction time of the galvanic reaction or to
regulate the reaction time to a desired or a predetermined period of time.

[0027] In some embodiments, the expansion of the metallic sealant also displaces fluids (e.g., a
non-reacting fluid) into the annulus 194 of the work string 150, where the fluid flows through an
outlet conduit 198 into a container 178 of FIG. 1A. In some embodiments, the temperature change
detected by the temperature sensor is also used to determine the volume of the non-reacting fluid
that has been displaced into the annulus 194 or to another area of the wellbore 116.

[0028] Although FIGS. 1A and 1B illustrate completion environments, the metallic sealant

measurement system 119 may also be deployed in various production environments or drilling
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environments where fluid may be guided to the metallic sealant measurement system 119. Further,
although FIGS. 1A and 1B illustrate a single metallic sealant measurement system 119, multiple
sealant measurement systems 119 may be deployed in the well 112. In some embodiments, where
it is desirable to isolate multiple sections of the well 112 and/or to divide the well 112 into multiple
zones, multiple sealant measurement systems 119 are simultaneously deployed downhole to set
the respective packers. In another one of such embodiments, the wellbore 116 is a multilateral
wellbore. In such embodiment, one or more sealant measurement systems 119 described herein
may be deployed in each lateral wellbore of the multilateral wellbore to set packers and other
downhole elements at the desired locations of each lateral wellbore. Further, although FIGS. 1A
and 1B illustrate open-hole configurations, the metallic sealant measurement system 119 described
herein may also be deployed in cased-hole configurations. Additional details of the metallic
sealant measurement system 119 are provided in the paragraphs below and are illustrated in at
least FIGS. 2-5.

[0029] FIG. 2A illustrates a perspective view of a metallic sealant measurement system 219
deployable in the environments of FIGS. 1A and 1B. In the embodiment of FIG. 2A, a fiber optic
cable 213 that serves as a temperature sensor is deployed in the wellbore 116. Further, metallic
sealant 211 is deployed around work string 150 and in between o-rings 212 and 214. In the
illustrated embodiment, reacting fluid flows out of work string 150 through an opening (not
shown). Further, exposure to the reacting fluid initiates a galvanic reaction, which causes the
metallic sealant 211 to expand until a seal is formed between the work string 150 and the wellbore
116. Further, the fiber optic cable 213 determines the temperature change due to heat released as
a result of the galvanic reaction. The temperature change is used (e.g., by a downhole tool, a
surface-based system, by the temperature sensor, or by another device or component) to determine
the amount of the expansion of the metallic sealant 211 and the speed of the expansion. In some
embodiments, the temperature change is also used to calculate fluid displacement of fluids (e.g.,
non-reactive fluids).

[0030] FIG. 2B illustrates another perspective view of the metallic sealant measurement system
219 deployable in the environments of FIGS. 1A and 1B. In the embodiment of FIG. 2B, the fiber
optic cable 213 and a component of logging tool 215 are both temperature sensors of the metallic
sealant measurement system 219. In the illustrated embodiment of FIG. 2B, the metallic sealant

211 that is deployed between the o-rings 212 and 214 has formed a seal between the work string
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150 and the wellbore 116. In some embodiments, wellbore operations or contaminants may break
the seal between the work string 150 and the wellbore 116, thereby exposing a previously
unexposed portion of the metallic sealant 211. In such embodiments, a reacting fluid may be
poured into work string 150, and exposure of the unexposed portion of the metallic sealant 211 to
the reacting fluid causes another galvanic reaction. The second galvanic reaction causes the
previously unexposed portion of the metallic sealant 211 to expand and to form another seal
between the work string 150 and the wellbore 116. In the embodiment of FIG. 2B, the temperature
change due to the second galvanic reaction is measured by the logging tool 215 and/or by the fiber
optic cable. Further, the logging tool 215 then determines whether a second seal has been formed
based on the change in the temperature and/or the rate of change in the temperature due to the
galvanic reaction.

[0031] FIG. 2C illustrates a perspective view of another metallic sealant 251 measurement system
259 deployable in the environments of FIGS. 1A and 1B. In the embodiment of FIG. 2C, a
dissolvable frac plug 252 and metallic sealant 251 are deployed within work string 150, whereas
wireless temperature sensor 253 is deployed along the exterior surface of the work string 150. In
the illustrated embodiment, exposure of the metallic sealant 251 to a reacting fluid initiates a
galvanic reaction, which causes the metallic sealant 251 to expand until the metallic sealant 251
forms a seal within the work string 150. Further, wireless temperature sensor 253 detects a change
in the temperature due to the galvanic reaction, and the change in the temperature is used to
determine the amount of expansion and whether a seal has been formed. In some embodiments,
the dissolvable frac plug 252 releases heat when it dissolves. In one or more of such embodiments,
the wireless temperature sensor 253 measures heat released by the dissolvable frac plug 252 to
determine whether the dissolvable frac plug 252 is dissolving.

[0032] FIG. 3 illustrates a plot of the change in temperature at a location proximate to a metallic
sealant in response to a change in pressure applied to the metallic sealant. In the embodiment of
FIG. 3, x-axis 302 represents time, numerical values on left y-axis 303 represent pressure,
numerical values on right y-axis 304 represent temperature in Fahrenheit, line 312 represents a
change in temperature, and line 314 represents differential pressure. As shown in FIG. 3, the
wellbore temperature is initially approximately 343 degrees. An increase in pressure to 2500 psi
causes an initial drop in temperature from approximately 343 degrees to 323 degrees and a

subsequent spike to 373 degrees. The drop in temperature represents a leak in a seal formed by
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the metallic sealant caused by a pressure increase to 2500 psi. The failure of the metallic sealant
exposes additional portions of the metallic sealant, which were previously unexposed to a reacting
fluid during the formation of the initial seal. Further, exposure of the previously unexposed
portions of the metallic sealant to the reacting fluid causes another galvanic reaction, which
expands the metallic metal, thereby forming a second seal. In that regard, a temperature increase
from approximately 323 degrees to 373 degrees as shown by line 312 represents heat released as
a result of the second galvanic reaction due to the exposure of the previously unexposed portions
of the metallic sealant to the reacting fluid. The metallic sealant continues to expand until a second
seal is formed, after which further exposure of surface areas of the metallic sealant, which have
already been exposed to the reacting fluid, no longer causes a galvanic reaction. In one or more
embodiments, the metallic sealant ceases to expand due to the surface area of the metallic metal
having already reacted with the reacting fluid. After completion of the galvanic reaction, heat is
no longer released as a byproduct and the wellbore temperature drops towards 343 degrees, which
is the natural wellbore temperature. The drop in temperature is illustrated by line 312, which
shows a gradual degree from 373 degrees towards 343 degrees. As illustrated in FIG. 3, the
changes in temperature and pressure indicate several events including initial failure of the metallic
sealant (due to pressure), exposure of previously unexposed portions of the metallic sealant to a
reacting fluid, expansion of the metallic sealant to form a new seal, and formation of the new seal.
[0033] FIG. 4 is a flow chart of a process 400 to monitor the expansion of a downhole metallic
sealant. Although the operations in the process 400 are shown in a particular sequence, certain
operations may be performed in different sequences or at the same time where feasible. Further,
although the process 400 is described to be performed by sealant measurement system 119, 219,
or 259 of FIGS. 1A-1B and 2A-2C, the process may be performed by other types of sealant
measurement systems or components of such sealant measurement systems described herein. At
block S402, a metallic sealant (e.g., metallic sealant 211 of FIGS. 2A and 2B) is deployed along a
section of a wellbore (e.g., wellbore 116 of FIGS. 1A and 1B). Atblock S404, the metallic sealant
211 is exposed to a reacting fluid to initiate a galvanic reaction. In some embodiments, the reacting
fluid is introduced into the wellbore 116 after deployment of the metallic sealant 211. In some
embodiments, the metallic sealant 211 is deployed along a section of the wellbore 116 that contains
the reacting fluid. At block S406, a change in the temperature caused by the galvanic reaction is

measured. In the embodiments, of FIGS. 2A and 2B, fiber optic cable 213 and/or the logging tool
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215 measure the change in the temperature caused by the galvanic reaction. At block S408, a
determination of an amount of expanded metallic sealant is made based on the change in the
temperature and/or the rate in the change in temperature. In the embodiment of FIG. 2B the
logging tool 215 determines the amount of expanded metallic sealant 211 as a result of the galvanic
reaction. In other embodiments, other tools or devices deployed downhole or on the surface
determines the amount of expanded metallic sealant based on the detected temperature change. In
some embodiments, the sealant measurement system 119, 219, or 259 of FIGS. 1A-1B and 2A-2C
also performs a pressure test to determine the amount of expansion of the metallic sealant 211 and
to determine whether a seal has been formed. In some embodiments, a sealant capacity of the
metallic sealant is determined based on the amount of expansion of the metallic sealant. In some
embodiments, the sealant capacity is determined by a downhole tool, such as by the logging tool
215 of FIG. 2B, or by another tool that is deployed downhole. In some embodiments, data
indicative of measurements of the expansion of the metallic sealant are transmitted to the surface
and the sealant capacity is determined by a surface based electronic device or system.

[0034] In some embodiments, the logging tool 215 of FIG. 2B continuously and/or periodically
monitors the integrity of the metallic sealing and the seal created by the metallic sealing. In some
embodiments, after an initial seal has been formed, the metallic sealant 211 experiences a pressure
differential (intentional or accidental), which causes the seal to break and exposes previously
unexposed sections of the metallic sealant 211 to the reacting fluid. In one or more embodiments,
the sealant measurement system 119, 219, or 259 of FIGS. 1A-1B and 2A-2C detects a differential
pressure across two points of the metallic sealant 211 or the pressure differential at one point over
a period of time, determines a partial or complete loss of integrity of the metallic sealant 211. In
one or more embodiments, the exposure of the previously unexposed sections of the metallic
sealant 211 to the reacting fluid causes another galvanic reaction. In such embodiments, the optic
cable 213 and/or the logging tool 215 of FIG. 2B measures a change in the temperature caused by
the second galvanic reaction and determines the amount of a second expansion of the metallic
sealant 211 based on the change in the temperature, and whether the second seal has formed.
[0035] FIG. 5 is a flow chart of a process 500 to monitor downhole fluid displacement. Although
the operations in the process 500 are shown in a particular sequence, certain operations may be
performed in different sequences or at the same time where feasible. Further, although the process

500 is described to be performed by sealant measurement system 119, 219, or 259 of FIGS. 1A-
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1B and 2A-2C, the process may be performed by other types of sealant measurement systems or
components of such sealant measurement systems described herein. At block S502, a non-reacting
fluid flows into a wellbore (e.g., wellbore 116 of FIG. 1A) having a metallic sealant (e.g., metallic
sealant 211 of FIGS. 2A and 2B) deployed along a section of the wellbore 116. At block S504,
the metallic sealant 211 is exposed to a reacting fluid to initiate a galvanic reaction. In some
embodiments, the reacting fluid is introduced into the wellbore after deployment of the metallic
sealant 211. In some embodiments, the metallic sealant 211 is deployed along a section of the
wellbore that contains the reacting fluid. At block S506, a change in the temperature caused by
the galvanic reaction is measured. At block S508, a determination of an amount of expanded
metallic sealant is made based on the change in the temperature. At block S510, a displacement
of the non-reacting fluid is determined based on the amount of expansion of the metallic sealant.
In the embodiment of FIG. 2B, the logging tool 215 calculates the volume of the non-reacting fluid
displaced due to the expansion of the metallic sealant 211.

[0036] The above-disclosed embodiments have been presented for purposes of illustration and to
enable one of ordinary skill in the art to practice the disclosure, but the disclosure is not intended
to be exhaustive or limited to the forms disclosed. Many insubstantial modifications and variations
will be apparent to those of ordinary skill in the art without departing from the scope and spirit of
the disclosure. For instance, although the flowcharts depict a serial process, some of the
steps/processes may be performed in parallel or out of sequence, or combined into a single
step/process. The scope of the claims is intended to broadly cover the disclosed embodiments and
any such modification. Further, the following clauses represent additional embodiments of the
disclosure and should be considered within the scope of the disclosure:

[0037] Clause 1, a method to monitor expansion of a downhole metallic sealant, the method
comprising deploying a metallic sealant along a section of a wellbore; exposing the metallic
sealant to a reacting fluid to initiate a galvanic reaction; measuring a change in temperature
caused by the galvanic reaction; determining an amount of expansion of the metallic sealant
based on the change in the temperature; and determining a sealant capacity of the metallic

sealant based on the amount of expansion of the metallic sealant.

[0038] Clause 2, a method of clause 1, further comprising applying pressure to the metallic
sealant to expose a previously unexposed section of the metallic sealant; exposing the previously

unexposed section of the metallic sealant to the reacting fluid to initiate a second galvanic

-13-



10

25

30

reaction; measuring a change in temperature caused by the second galvanic reaction; and
determining an amount of a second expansion of the metallic sealant based on the change in the
temperature caused by the second galvanic reaction.

[0039] Clause 3, the method of any of clauses 1-2, further comprising monitoring an integrity of
the metallic sealant based on the change in the temperature.

[0040] Clause 4, the method of any of clauses 1-3, further comprising detecting a differential
pressure across two points of the metallic sealant; determining a partial loss of integrity of the
metallic sealant in response to detecting the differential pressure; after detecting the differential
pressure, detecting an increase in temperature proximate to the two points of the metallic sealant;
and in response to detecting the increase in temperature proximate to the two points, determining
whether the integrity of the metallic sealant has been restored.

[0041] Clause 5, the method of any of clauses 1-4, further comprising performing a pressure test
to determine the amount of expansion of the metallic sealant.

[0042] Clause 6, method of any of clauses 1-5, further comprising determining a rate of the
galvanic reaction, wherein the rate of the galvanic reaction is based on an amount of dopant
added to the metallic sealant.

[0043] Clause 7, the method of any of clauses 1-6, further comprising measuring displacement
of a non-reacting fluid deposited in the wellbore, wherein the non-reacting fluid is displaced by
the expansion of the metallic sealant; and determining the amount of expansion of the metallic
sealant based on the displacement of the non-reacting fluid.

[0044] Clause 8, the method of any of clauses 1-4, wherein a fiber optic cable is deployed
proximate to the metallic sealant, and wherein measuring the change in temperature comprises
utilizing the fiber optic cable to measure the change in temperature.

[0045] Clause 9, the method of any of clauses 1-8, wherein a thermometer is deployed proximate
to the metallic sealant, and wherein measuring the change in temperature comprises utilizing the
thermometer to measure the change in temperature.

[0046] Clause 10, the method of any of clauses 1-9, further comprising determining a sealant
capacity of the metallic sealant based on the amount of expansion of the metallic sealant.

[0047] Clause 11, the method of any of clauses 1-10, further comprising flowing the reacting

fluid into the wellbore.
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[0048] Clause 12, the method of any of clauses 1-10, wherein metallic sealant is deployed at a
section of the wellbore that contains the reacting fluid.

[0049] Clause 13, a method to monitor downhole fluid displacement, the method comprising
flowing a non-reacting fluid into a wellbore having a metallic sealant deployed along a section of
the wellbore; exposing the metallic sealant to a reacting fluid to initiate a galvanic reaction,
measuring a change in temperature caused by the galvanic reaction; determining an amount of
expansion of the metallic sealant based on the change in the temperature; and determining a
displacement of the non-reacting fluid based on the amount of expansion of the metallic sealant.
[0050] Clause 14, the method of clause 13, further comprising applying pressure to the metallic
sealant to expose a previously unexposed section of the metallic sealant; exposing the previously
unexposed section of the metallic sealant to the reacting fluid to initiate a second galvanic
reaction; measuring a change in temperature caused by the second galvanic reaction; and
determining an amount of a second expansion of the metallic sealant based on the change in the
temperature caused by the second galvanic reaction; and determining a displacement of the non-
reacting fluid based on the amount of the second expansion of the metallic sealant.

[0051] Clause 15, the method of any of clauses 13 or 14, further comprising monitoring an
integrity of the metallic sealant based on the change in the temperature.

[0052] Clause 16, the method of any of clauses 13-15, further comprising detecting a differential
pressure across two points of the metallic sealant; determining a partial loss of integrity of the
metallic sealant in response to detecting the differential pressure; after detecting the differential
pressure, detecting an increase in temperature proximate to the two points of the metallic sealant;
and in response to detecting the increase in temperature proximate to the two points, determining

whether the integrity of the metallic sealant has been restored.
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[0053] Clause 17, a downhole metallic sealant measurement system, comprising a galvanically
corrodible metallic sealant deployed along a section of a wellbore, wherein a galvanic reaction is
initialed when the galvanically corrodible metallic sealant is exposed to a reacting fluid, and
wherein the galvanic reaction causes an expansion of the galvanically corrodible metallic sealant
to isolate a section of the wellbore; and a temperature sensor positioned proximate to the
galvanically corrodible metallic sealant and operable to determine a temperature change caused
by the galvanic reaction, wherein an amount of expansion of the metallic sealant is determined
based on the temperature change caused by the galvanic reaction.

[0054] Clause 18, the downhole metallic sealant measurement system of cause 17, wherein the
temperature sensor is at least one of a fiber optic cable, a thermometer, and a component of a
logging tool.

[0055] Clause 19, the downhole metallic sealant measurement system of any of clauses 17 or 18,
wherein the temperature sensor is operable to measure a difference in temperature at two
different points proximate to the metallic sealant to determine the temperature change.

[0056] Clause 20, the downhole metallic sealant measurement system of any of clauses 17-19,
further comprising a pressure sensor operable to detect a differential pressure at two different
points of the galvanically corrodible metallic sealant.

(3% L I3

[0057] As used herein, the singular forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise. It will be further understood that the
terms “comprise” and/or “comprising,” when used in this specification and/or the claims, specify
the presence of stated features, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, steps, operations, elements, components,
and/or groups thereof. In addition, the steps and components described in the above embodiments
and figures are merely illustrative and do not imply that any particular step or component is a

requirement of a claimed embodiment.
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What is claimed is:
1. A method to monitor expansion of a downhole metallic sealant, the method
comprising:
deploying a metallic sealant along a section of a wellbore;
exposing the metallic sealant to a reacting fluid to initiate a galvanic reaction;
measuring a change in temperature caused by the galvanic reaction; and
determining an amount of expansion of the metallic sealant based on the change

in the temperature.

2. The method of claim 1, further comprising:

applying pressure to the metallic sealant to expose a previously unexposed
section of the metallic sealant;

exposing the previously unexposed section of the metallic sealant to the reacting
fluid to initiate a second galvanic reaction;

measuring a change in temperature caused by the second galvanic reaction; and

determining an amount of a second expansion of the metallic sealant based on

the change in the temperature caused by the second galvanic reaction.

3. The method of claims 1 or 2, further comprising monitoring an integrity of the

metallic sealant based on the change in the temperature.

4. The method of claim 3, further comprising:
detecting a differential pressure across two points of the metallic sealant;
determining a partial loss of integrity of the metallic sealant in response to
detecting the differential pressure;
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after detecting the differential pressure, detecting an increase in temperature
proximate to the two points of the metallic sealant; and
in response to detecting the increase in temperature proximate to the two points,

determining whether the integrity of the metallic sealant has been restored.

5. The method of any of claims 1-4, further comprising performing a pressure test

to determine the amount of expansion of the metallic sealant.

6. The method of any of claims 1-5, further comprising determining a rate of the
galvanic reaction, wherein the rate of the galvanic reaction is based on an amount of

dopant added to the metallic sealant.

7. The method of any of claims 1-6, further comprising:
measuring displacement of a non-reacting fluid deposited in the wellbore,
wherein the non-reacting fluid is displaced by the expansion of the metallic sealant; and
determining the displacement of the non-reacting fluid based on the amount of

expansion of the metallic sealant.

8. The method of any of claims 1-7, wherein a fiber optic cable is deployed

proximate to the metallic sealant, and wherein measuring the change in temperature

comprises utilizing the fiber optic cable to measure the change in temperature.

9. The method of any of claims 1-8, wherein, optionally a thermometer is deployed
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proximate to the metallic sealant, and wherein measuring the change in temperature

comprises utilizing the thermometer to measure the change in temperature.

10. The method of any of claims 1-9, further comprising determining a sealant
capacity of the metallic sealant based on the amount of expansion of the metallic

sealant.

11. The method of any of claims 1-10, further comprising flowing the reacting fluid

into the wellbore.

12. The method of any of claims 1-10, wherein metallic sealant is deployed at a

section of the wellbore that contains the reacting fluid.

13. A downhole metallic sealant measurement system, comprising:
a metallic sealant deployed along a section of a wellbore,
wherein a galvanic reaction is initiated when the
metallic sealant is exposed to a reacting fluid, and wherein the galvanic
reaction causes an expansion of the metallic sealant to isolate a section of
the wellbore; and
a temperature sensor positioned proximate to the metallic sealant and
operable to determine a temperature change caused by the
galvanic reaction, wherein an amount of expansion of the metallic sealant is

determined based on the temperature change caused by the galvanic reaction.
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14. The downhole metallic sealant measurement system of claim 13, wherein the
temperature sensor is at least one of a fiber optic cable, a thermometer, and a component
of a logging tool, and optionally, wherein the temperature sensor is operable to measure
a difference in temperature at two different points proximate to the metallic sealant to

determine the temperature change.

15. The downhole metallic sealant measurement system of claims 13 or 14, further
comprising a pressure sensor operable to detect a differential pressure at two different

points of the metallic sealant.
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