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EXPANDABLE PACKER WITH ACTIVATABLE SEALING ELEMENT

BACKGROUND
{08061} This section is intended to provide relevant background mformation to facilitate a bettor
undersianding of the vanous aspects of the described embodiments. Accordingly, these

statements are 1o be read in this Hight and not as admissions of prior art.

{8002} Throughout the life of a hydrocarbon-producing well, fluid flow inside or around
various tubulars disposed in a borehole may need to be controlled or prevented in various
locations at various times. For example, the annolus between a formation or casing wall and
production tubing may require a seal to isolate sections of the annulus.

{06063} Expandable packers may be used, among other reasons, to form such annular seals
downhole. The annular seals may partially or fully restriet fluid and/or pressure coramumcation
at the seal interface. The seals may also be formed during all stages of drilling, completion, and
production.

{3004] An expandable packer operates by expanding when contacted with a reactive fhud.
Activation of expandable packers is typically sensitive to the downhole environment and
conditions, such as time to run tubing in hole, reactivity of swellable material with fluids
flowing nto or out of the borchole, and downhole temperature and pressure. Smce the
expandable packer expands upon contacting ionic water, the borehole must be kept free of tonie
water unti] expansion 1s desired. Additionally, operations targeting isolated zones of the
borehole must wait until the expandable packer has folly expanded and formed the zonal scal.
Expandable packers thus require undesirable cossation of drilling and other operations while
seiting the packer downhole. A need exists for an expandable packer that can be activated on

conumand to form the anmular seal regardless of downhale or other conditions.

BRIEF DESCRIPTION OF THE DRAWINGS
{0005] Embodiments of an expandable packer with an activatable scaling element are
described with reforence to the following figures. The same or sequentially suuilar numbers
are used throughout the figures to reference hke features and components. The features
depicted in the figures are not necessarily shown to scale. Certain features of the embodiments
may be shown exaggerated in scale or in somewhat schematic form, and some details of
clements may not be shown in the interest of clarity and conciseness. Alternatives and
additional elements not shown may nevertheless be within the scope of the embodiments

described below.
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{8006} FIG. 1 is a schematic diagram of a cross-section view of an expandable packer
comoprising an activatable sealing clement in a pre-activation configuration, according to a first

embodiment;

{0067] FIG. 2 is a schematic diagram of a cross-section view of the expandable packer of FIG.

3 1inapost-activation configuration, according to the first embodiment;

{8008} FIG. 3 is a schematic diagram of a cross-section view of the expandable packer of FIG.

{10 a sealing configuration, according to the first embodument;

{#609] FIG. 4 is a schematic diagram of a cross-section view of an expandable packer
comprising an activatable sealing clement along a length-wise plane in a pre-activation

1% configuration, according to a second embodunent;

{0818} FIG. 5 is a schematic diagram of a cross-section view of the expandable packer of FIG.
4 along a transverse plane in a pre-activation configuration, according to the second
embodiment;

{3611} FIG. 6 is a schematic diagram of a cross-section view of the expandable packer of FIG.

15 4 along atransverse planc in a sealing configuration, according to the second crabodiment;

{0812} FIG. 7 is a schematic diagram of a cross-section view of an alternative design of the

expandable packer of FIG. 4 along a length-wise plane in a pre-activation configuration,

according to the second embodiment;

{3613} FIG. 8 is a schematic diagram of a cross-section view of an cxpandable packer
20 comprising an activatable sealing clement in a pre-activation configuration, according to a third

embodiment;

{6614} FIG. 9 is a schematic diagram of a cross-section view of the expandable packer of FIG.

8 10 a post-activation configuration, according to the third embodiment;

{3615} FIG. 10 is a schematic diagram of a cross-section view of the expandable packer of
253 FIG. 8 1 a scaling configuration, according to the third embodiment,

{8016} FIG. 11 is a schematic diagram of a cross-section view of an expandable packer

comprising an activatable sealing element in a pre-activation configuration, according to a

fourth third embodiment; and

{30171 FIG. 12 is a schematic diagram of a cross-section view of the expandable packer of

o3
o~
foe.

FI1G. 11 m a post-activation configuration, according to the fourth embodument.
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BETAILED DESCRIPTION
{8818} The present disclosure describes an expandable packer with an activatable sealing
clement for formung a seal in a borehole and a method therefor. The expandable packer 1s
locatable 1 the borehole and the activatable sealing element comprises a swellable metal
capable of reacting to form a swelled metal. The activatable sealing clement also meludes a
reactive fluid separated from the swellable metal and a mechancal element operable to cause
the reactive fluid to contact the swellable metal and expand the swelled metal radially from the
activatable sealing element into sealing engagement with a wall m the borchole. When

contacted, the reactive fluid and swellable metal react via hydrolvsis.

{3319} The swellable metal can suitably be any metal that can hydrolyze when reacted with
the reactive fluid to form a swelled metal hydroxide or swelled metal oxide that is insoluble in
water and 1s expanded in volume compared to the reactants. The swellable metal may comprise
an alkaline carth metal, a transition metal, a post-transition metal, or a combmation thereof.
The swellable metal may comprise maguesium, calcium, ahuminum, iron, sickel, copper,
chromivm, tin, zinc, lead, beryllium, gold, silver, lithium, sodium, potassium, rubidium,
cesium, strontium, barturn, galliom, indium, thalliam, bismuth, scandium, ttanium, vanadium,
manganese, cobalf, vitriwm, zirconium, niobium, molybdenmum, ruthenium, rhodium,
palladivm, prasecodymium, lanthaoum, hafnium, tastahun, tungsten, terbium, rhenium,
osminm, ridium, platimum, neodyouum, gadolimium, crbium, or combinations thereof,
preferably magnesium, calcium, aluminum, or combinations thereof. The swellable metal may
comprise an alloy to promote reactivity or control formation of metal oxides and hydroxides,
such an alloy including, for example, magnesium, calcium, aluminum, ron, nickel, copper,
chromium, tin, zinc, lead, bervlium, gold, silver, luthiurn, sodiwm, potassium, rubidium,
coesium, strontium, barium, galliom, indram, thallium, bismoth, scandium, titanium, vanadium,
mangangse, coball, viriwm, zirconnwm, niobim, molvbdenum, ruthenium, rhodium,
palladivm, prascodyvmium, lanthavum, hafuium, tantalwo, tungsten, terbium, rhemum,
osmium, irdivm, platinum, neodymium, gadolinium, erbium, and combinations thereof. The
swellable metal can be alloyed with a dopant to promote corrosion, for example, nickel, iron,
copper, cobalt, carbon, tungsten, tin, galiium, bismuth, or combinations thercof. An alloy can
additionally include, for example, non-metallic components such as graphbite, carbon, stlicon,
boron nitride, and the hike. The swellable metal may be prepared in a sohid solution process

with molten metal or with a powder metalhirgy process. Heat treatments can additionally be
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performed to change grain size of the particles such as through annealing, solution treating,

aging, quenching, and bardening.

j0028] The swellable metal is preferably provided in the form of a high surface area swellable
metal. The high surface arca metal may be in the shape of beads, power, wires, pellets, particles,
granules, the like, or combinations thereof. The high surface arca swellable metal has a surface-
area-to-volume ratio up to 100 m™, exposing surfaces of the high surface area swellabie metal
to the reactive fluid to speed the reaction. As the surface-area-to-volume ratio is increased, the
reaction proceeds more quickly, Afier the reaction has beguu, the lugh surface arca swellable
metal expands to contact the wall and forms a seal thereon in less than about 24 hours.
Diepending on the reactants, the reaction can be exothermic and can produce hyvdrogen gas as

a by-product.

{8021} A hvdrostatic chamber may be included in the expandable packer to contain and isolate
the swellable metal. The hvdrostatic chamber can include a non-reactive gas or a non-reactive
liguid. Suitable novn-reactive gases include air, carbon dioxide, nitrogen, hydrogen, and argon.
Suitable non-reactive hiquids include hydrocarbons, alcobols, oils, silicone oils, oil-base

muds, distilled water, and the like.

{6622} The reactive fluid includes any fluid suitable to react with and hydrolyze the swellable
metal to form a swelled metal. The reactive fluid may comprise an aqueous fhud, such as ionic
or non-tonic fresh water, or brine containing salts such as sodinm chlonde, sodium bromude,
potassium chloride, potasstum bromide, magnesium chloride, calciom chlonide, calenim
bromide, and the bike, for example. The brine can be monovalent or divalent and can comprise
saltwater, saturated saltwater, seawaler, or any combination thercof. The brine can have high
salinity, for cxample, in excess of 10 wi%. The reactivity of the swellable metal with high-
salinity brines provides an advantage over clastomeric secaling clements whose scaling

performance may be impacted by such brines.

{8023} The activatable scaling element is activated by selectively operating a mechanical
clement to cause the reactive fluid to contact the swellable metal. The mechanical element may
wclade a downhole power anit, a control line, a piston, or a firing pin, according {0 various
embodiments. The mechanical element may be selectively operated i any suitable way,
mcluding by timer, pressure, teraperature, pH, or vibration. Such operation can include
conunands from haman operators or equipment at the surface or downhole. Selective operation

of the mechantcal element and activation of the activatable sealing element may also mchude
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release of the reactive fluid within a control line to contact the swellable metal, or altematively
can include pumping of the reactive fluid contained either downhole or at the surface with a

pump to the activatable sealing ¢lement.

{6024} The expandable packer may also include a downhole power unit to set the expandable
5 packer. The downhole power unit may include an adapter kit suitable to set the expandable
packer and activatable scaling element on coiled tubing, drill pipe, wireline, slickling, or the
like. The downhole power unit may optionally be the mechanical element selectively operable
to activate the activatable scaling clement. Sclective activation with the downhole power unit
1s described below with reference to the first embodiment and FiGs. 1-3, for example, but is

16 not limited solely to that embodiment.

{6625} Activation of the activatable sealing element is selective and s independent of
downhole conditions. The expandable packer and activatable sealing clement can withstand
downhole conditions sach as high temperatore and high pressure without reacting or otherwise
expanding the swellable metal. The separation of the reactive fluid and swellable metal
15 prevents madvertent or premature swelling without selected operation of the mechanical
element. Farthermore, the expandable packer and activatable sealing element can cncoumter
external floids without activating. For instance, a second reactive fluid can be contacted with
the exterior of the activatable scaling clement without operating the roechanical element or
contacting the swellable metal. The expandable packer and activatable sealing element can
20 remain downhole for extended periods of time with nunimal to no expansion of the swellable
metal. Thus, the expandable packer and activatable sealing clement do not require inclusion
nor exclusion of certain fluids downhole to retain functionality. Furthermore, operators can
mstall the expandable packer downhole safely without concem for timing of expansion or

suspending drilling operations.

25 {8626} The activatable scaling element may include a cover sleeve or outer sleeve suitable to
protect the swellable metal from borehole conditions such as fluid flow, debris, high
temperature, high pressure, and the like. The cover sleeve or outer sleeve is removable upon
actrvation of the activatable sealing element to sllow expansion of the swelled metal into the
annular space and into sealing engagement with the wall. The cover sleeve or outer sleeve can

3¢ comprise a degradable or dissolvable material mchuding thermoplastics, metals, alloys, or

combinations thereof to allow removal of the cover sleeve without reliance on mechanical,
electronic, or other removal mechanisms. Suitable thermoplastics melude aliphatic polvester,

polvelyeolic acids (PGAs), polvlactic acids (PLAs), thiol, polvurethane, thermoplastic
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urethane, or combinations thereof. Suitable metals and alloys thereot inchide magnesium,
calcium, alumunu, iron, mickel, copper, chromium, tin, zine, lead, beryllium, gold, silver,
lithium, sodium, potassium, rubidium, cesium, strontium, barium, gallium, indivm, thallium,
bissmth, scandiim, titanium, vanadnmm, manganese, cobalt, yttriom, zirconfum, nichium,
molybdenum, ruthenium, rhodivm, palladium, prascodymium, lanthanum, bafhium, tantalum,
tungsten, terbiurn, rhemuum, osmium, indiur, platinum, neodymium, gadolimium, erbium, or
combinations thereof, preferably magnesium, caleium, aluminum, or combinations thereof.
Where the cover sleeve comprises the same material as the swellable metal, the cover slecve
can stnmilarly react with the reactive fluid and join the swelled metal to expand into sealing

engagement with the wall.

{8627} The term “swellable” in reference to the “swellable metal” indicates a metal capable of

rreater volume

undergoing a chemical reaction to form a swelled metal reaction product having

than the swellable metal reactant.

{0028} A “wall” against which the swelled metal expands into sealing engagerent can refer to

a borchole wall, a cased hole wall, an open hole wall, a tubular wall, or a downhole tool wall.

{8629} The activatable scaling clement comprises a pre-activation configuration, a post-
activation configuration, and a scaling configuration. Tuming now to the figures, FiGs. 1.4, §,
8, and 10 show embodiments of the pre-activation configuration, FIGs. 2, 6, 9, and 11 show
embodiments of the post-activation configuration, and FiGs. 3, 7, and 12 show embodiments

of the sealing configuration.

{6030 FIG. 1 shows a first embodiment of an expandable packer 100 comprising an
activatable scaling clement 102 according to the pre-activation configuration. In this
configuration, the swellable metal 110 and the reactive fluid 116 are separated from one
another. The swellable metal 110 is contamed within a hydrostatic chamber formed by a cover
sleeve 108 and an inner sleeve 114

{8031} The reactive fluid 116 is contained in an openable container 118 that inchudes at least
one mechanical element 120. The mechanical clement 120 can comprise a gate, a port, or an
openable valve, such as a rupture disk, which restricts or prevents flow of the reactive fluid 116
nto contact with the swellable metal 110, In the pre-activation configuration shown in FIG. 1,
the mechanical clement 120 is blocked or closed 1o contain the reactive fluid 116 within the
openable container 118, The openable container 118 can optionally include a piston 122 to

push the reactive fluid 116 through the mechanical element 120 and out of the openable
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container 118, After exiting the openable container 118, the reactive fluid 116 can flow directly
mto the hydrostatic chamber, or as shown n FIG. 2, the reactive fluid 116 can flow ioto the

annular space 112 and then into the hydrostatic chamber o contact the swellable metal 110

{6032} The activatable scaling clement 102 may also include wiper plugs 124, such as cup
packers 124 and wiper fins 124, to at [cast partally seal an annular space 112, The annular
space 112 is a subset of the annulus 130 with boundaries defined by the wiper plugs 124, cover
sleeve 108, the wall 126, and the openable container 118, Some of the wiper phugs 124 are
positioned between the cover sleeve 108 and the wall 126, The remaining wiper plugs 124 are
postiioned between the openable container 118 and the wall 126, The wall 126 can be a
borehole wall 126 as shown in FEGs. 1-3 and can be lined, such as with a casing to provide a
cased hole wall 126, or can be unlined to provide an open hole wall 126. Alternatively, the wall

26 can be a tubular wall 126 or a downhbole tool wall 126, The wiper plugs 124 can be
positioned against the wall 126, The wiper plugs 124 are biased outward as shown m FiGs. 1-
3, allowing them to rosist prossure 1o either direction and contain fluids in the annulus 130
inside or outside the annular space 112, The wiper plugs 124 are sclectively permeable to
contain the swellable metal 110 and the reactive thud 116 within the annular space 112
However, the wiper plugs 124 allow some gases such as hydrogen, for example, to vent past
the wiper plugs 124 and escape the annular space 112, The wiper plugs 124 thus guide
formation of the annular scal and vent hvdrogen by-product. The orientation of the wiper plugs

124 may also be the opposite direction from what is drawn in FIG. L

{6633} The expandable packer 100 and activatable sealing element 102 are also locatable in a
borehole 104 about a conveyance 106, The expandable packer 1060 and activatable sealing
element 102 can form annular seals m tube or wire conveyance applications. The conveyance
106 can thus be a tubular 106, such as a coiled tube 106 or dnll pipe 106. Alternatively, the

conveyance 106 can be a wireline 106 or slickline 106,

{8834} The activatable scaling element 102 and expandable packer 100 are shown m FiGs. 1-
3 disposed on a wireline 106. The expandable packer 100 may include an adapter kit to connect
the activatable sealing clement 102 to a downhole power untt 128, for example. The adapter
kit can be suited for the activatable sealing element 102 disposed on a conveyance 106, such

as a tubular, drill pipe, wireline, shickline, or the like, depending on the envisioned application.

{8035] The specific methods of activation are numerous and may vary from what is shown in

FiGs. 1-3. Several activation schemes are described below, but these are not necessarily
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exhaustive. The skilled person in the art will appreciate additional methods of activation other

than those described and shown here.

{3036] FIG. 2 shows the expandable packer 100 and activatable sealing clement 102 1n a post-
activation configuration. In operation, the downhole power unit 128 repeatedly strokes the

3 gxpandable packer 100 to set the expandable packer 100 downhole. In addition to sctting the
expandable packer 100, the strokes of the downhole power unit 128 activate the activatable
sealing element 102 to cause the reactive flutd 116 to exit the openable container 118 by any

of several mechanisms. Operation of the downhole power unit 128 can trigger unblocking or
otherwise opemng of the mechanical element 120, aliowing the reactive fluid 116 to exit the

10 openable container 118, Altermatively or in conpunction, the downhole power unit 128 can
trigger a piston 122 to expel the reactive fluid 116, Altematively or in conjunction, the
downbole power unit 128 can create a suction m the bydrostatic chamber to break the
mechanical element 120 1n the form of a rupture disk and suck out the reactive fluid 116, After
setting the cxpandable packer 100, the downhole power unit 128 can detach from the

15 expandable packer 100 and be retricved from the borchole 104

{80371 Asshown, the cover sleeve 108 1s removable to allow the swellable metal 110 to expand
into the annular space 112, which can be accomplished, for example, with the downhole power
unit 128, A stroke of the downhole power uit 128 can pull back the cover sleeve 108 relative
to the inner sleeve 114, The relative motion exposes the hydrostatic chamber and swellable
20 metal 110 therein to the anmuiar space 112, The hydrostatic chamber can be at pressure lower
than the adjacent anmular space 112, such as atmospheric pressure, for example. When a
pressure differential exists, exposure of the hydrostatic chamber to the annular space 112
creates a suction which causes the reactive fhud 116 in the annular space 112 to flow in and

contact the swellable metal 110 to form the swelled metal 132

25 8838} After activation, the reactive fluid 116 exits the openable container 118 and contacts
the swellable metal 110. The specific method of activation shown in FIG. 2 includes the
downhole power unit 128 pulling back the cover sleeve 108, a piston 122 pushing the reactive
fluid 116 out of the openable contamner 118, and the reactive fluid 116 entering the annular
space 112 and then entering the hydrostatic chamber. However, as described above, additional

3¢ activation methods and combinations thereof are possible.

{803%] Alernatively, the cover sleeve 108 can be removed with heat optionally produced from

the reaction of the reactive flaid 116 and the swellable metal 110, sach as where the reaction
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is exothermic. To allow such removal, the cover sleeve 108 can comprise a degradable or
dissolvable matenal mcluding thermoplastics, metals, alloys, or combinations thercof. The
cover sleeve 108 being degradable or dissolvable facilitates its removal without reliance on
mechanical, electronic, or other removal mechanisms. In this manner, if such removal
mechanisms fail, the degradable or dissolvable cover sleeve 108 thus remains removable. For
nstance, a thermoplastic cover sleeve 108 can mclt and soften after receiving heat by proximity
1o the exothermic swell reaction, such that expansive force of the swellable metal 110 removes
the softened thermoplastic cover sleeve 108, The cover sleeve 108 can alternatively degrade or
dissolve upon contact with the reactive fluid 116, such as where the cover sleeve 108 comprises
magnesium. The magnesium cover sleeve 108 is preferably less reactive than the swellable
metal 110, so that the cover sleeve 108 does not react to degrade until the reaction 1§ sped up
bv the heat provided by the exothermic swell reaction. Furthermore, where the cover sleeve
108 comprises the same material as the swellable metal 110, the cover sieeve 108 can react and
join the swelled metal 132 to expand into the annular space 112, Although potentially
removable without reliance on mechanical, electronic, or other removal mechanisms, the cover
sleeve 108 however i1s not removed until activation of the activatable sealing element 102, even

when contacted by ionic aqueouns fluids flowing through the borehole.

{3040} FIG. 3 shows the expandable packer 100 and activatable sealing clement 102 in a
scaling configuration. Once the reactive flund |16 contacts the swellable metal 110, the reaction
begins and forms the swelled metal 132 having increased volume compared to the swellable
metal 110, The wiper plugs 124 direct the expansion of the swelled metal 132 into the annalar
space 112 The swelled metal 132 expands mto sealing engagement with the wall 126, at least

partially restricting fluidic communication within the annulus 139

{06041} FIGs. 4 and 5 show a second embodiment of an cxpandable packer 200 and activatable
sealing eloment 202 m a pre-activation configuration. The activatable seahng element 202
comprises a sleeve 208 compnsing a swellable metal 210, The activatable sealing element 202
is mounted on a tubular 206 as part of the expandable packer 200. A control Line 242 with a
mechanical element 220 in the form of a valve conveys reactive fhuid 216 to the sleeve 208 of
the activatable sealing clement 202. The mechanical clement 220 can be a mpture disk, which
is burstable upon activation of the activatable scaling element 202 to allow the reactive flaid
216 to flow through the control line 242. The mechanical element 220 may be located within
the control line 242 away from the activatable scaling clement 202, or aliematively can be

located at or within the sleeve 208, The sleeve 208 also includes grooves 234 running along an
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mner diameter 236 of the activatable scaling element 202. The grooves 234 include channels

238 extending from the grooves 234 and through the slecve 208,

{3042] FIG. 6 shows the activatable sealing element 202 in a sealing configuration. Upon
activation of the activatable scaling clement 202, the mechanical clement 220 in the form of a

3 rupture disk ts ruptured, allowing the reactive fluid 216 to flow through the control line 242
and into the activatable sealing element 202, Alternatively, the reactive fluid 216 can be
contained at the surface and injected via a control line 242, Altematively, the reactive fluid 216

can be contained in a fluid chamber downhole and pumped with a downhole pump through the
control Ime 242 to the activatable sealing element 202, The skilled person in the art will

16 appreciate additional ways of conveying the reactive fluid 216 to the activatable sealing
clement 202 not imited to those shown in FIGs. 4-6 or described here. After activation, the
reactive fluid 216 flows through the grooves 234, through the channels 238, and outside the
sieeve 208. In so domg, the reactive fluid 216 contacts the swellable metal 210 of the slecve

208 to react with and expand the swellable metal 210 to form swelled metal 232, The swelled

15 metal 232 expands out into the annulus of the borehole 204 and into sealing engagement with
the wall 226. Ahough not shown, wiper plugs can be mstalled to at least partially seal an

annular space and direct expansion of the swellable metal 210

{8043} In addition to the sleeve 208 being swellable metal, FIG. 7 shows an alternative cavity
235 mside the sleeve 208 of the activatable sealing element 202. As shown, the sleeve 208
20 meludes an outer sleeve 213 and an inner sleeve 214 connected and sealed to one another at a
connection 231, such as by threaded connection. The outer sleeve 213 and the inner sleeve
form a circumferential cavity 235 between the inner sleeve 214 and the outer sleeve 208 where
additional swellable metal 210 can be located. The additional swellable metal 210 may be the
same metal as the sfeeve 208 or may be a different metal to control the rate of expansion vpon
25 reaction with the reactive fluid 216. The additional swellable metal 210 1s show as being in the
form of wires wrapped cwcumferentially around the inner sleeve 214 but the additional
swellable metal 210 may be in any suitable form. Reactive flaid 216 flowing into the mner
sieeve 214 flows through the grooves 234, into the channels 238, and then disperses through
the cavity 235 to contact and react with the additional the swellable metal 210. After reaction
36 with the reactive fluid 216, the swellable metal 210 of the sleeve 208 and in the cavity 235
expands to form swelled metal 232. The swelled metal 232 expands out into the annulus of the

borchole 204 and into secaling engagement with the wall 226

10
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{8044} FIG. & shows a third embodiment of an expandable packer 300 and activatable scaling
clement 302 i a pre-activation configuration. The activatable sealing clement 302 comprises
a fluid chamber 318 containing the reactive fhud 316. The activatable sealing element 302 also
comprises a chamber 346 containing the swellable metal 310. The chamber 346 may be a

hvdrostatic chamber.

{0845] A mechanical element 320 in the form of a valve is positionad between and separates
the fluid chamber 318 and the chamber 346. Before activation of the activatable sealing element
302, the raechanical element 320 separates the reactive fluird 316 from the swellable metal 310,
The mechanical clement 320 can comprise any openable valve for temporanily preventing fluid
flow, such as an isolation valve, a regulator valve, a relief valve, a rupture disk, a port, a flow
restrictor, or a combination thereof, such as a ropture disk and flow restrictor in series, for

example.

{8046} The activatable scaling element 302 further mehudes a piston 328 located withun the
fluid chamber 3 18 that seals off the reactive fluid 316 on ong side of the piston 328, The piston
328 is operable or movable within the fluid chamber 318 to cause the reactive fluid 316 to flow

through the mechanical element 320 and contact the swellable metal 316,

{6647} The activatable sealing element 302 also comprises a cover sleeve 308, which protecis
the swellable metal 310 and 1s removable to allow the swellable metal 310 to swell from contact
with the reactive fluid 316 and expand out from the activatable element 302 into secaling

engagement with the wall 326 similarly to the cover sleeve 108 discussed above in FIGs 1-3.

{6048} The fluid chamber 318 and the chamber 346 surround a tubular 306 or mandsel 306 that
comprises a port 344, The port 344 allows communication of pressure from inside the tubular
306 into the flhuid chamber 318, The pressure moves the piston 328 to push the reactive fhud
316 through the mechanical element 320 and into the chamber 346 to contact the swellable

metal 310

{0049} FIG. 9 shows the activatable scaling clement 302 in a post-activation configuration.
Injection of pressurized fluid mto the tubular 306 is communicated to the fluid chamber 3138
through the port 344 to move the piston 328 {o activate the activatable sealing element 302,
After activation of the activatable sealing element 302 via communication of pressure through
the port 344, the piston 328 pushes the reactive flund 316 into contact with the swellable metal
310. The reactive fluid 316 contacting the swellable metal 310 reacts with and expands the

swellable metal 310 to form swelled metal 332.

11
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{8058] FIG. 10 shows the activatable sealing element 302 in a sealing configuration. The cover
sleeve 308 is removed or joined with the swelled metal 332 as described above with respect to
the cover 108 shown 1o FiGs. 1-3, allowing the swelled metal 332 to expand away from the

activatable sealing element 302 into the borehole 304 and contact the wall 326 to form the seal.

5 (0051} FIG. 11 shows a fourth crobodiment of an expandable packer 400 and activatable
scaling element 402 in a pre-activation configuration. The expandable packer 400 surrounds a
tubular 406 or mandrel 406. Similar to the activatable sealing element 302, the activatable
scaling cloment 402 includes a fluid chamber 418 containing a reactive thud 416, The fhud
chamber 418 can be a flexable container or bag that collapses when depressurized. The fluid

10 chamber 418 15 located within a housing 440 that mnclades a port 444 open to communicate

pressure from the borchole outside the expandable packer 400. The activatable sealing element

402 also comprises a chamber 446 containing the swellable metal 410, The chamber 446 may

be a hydrostatic chamber.

{0052} A mechanical clement 420 1o the form of a valve 1s positioned between and separates
15 the fluid chamber 418 and the chamber 446. Before activation of the activatable sealing element
342, the mechanical element 420 separates the reactive fhuid 416 from the swellable metal 410,
The mechanical element 420 can comprise any openable valve for temporarily preventing fluid
flow, such as an isolation valve, a regulator valve, a relief valve, a rupture disk, a port, a flow
restrictor, or a combination thereof, such as a rupture disk and flow restrictor in senes, for

20 example.

{0053} A fining pin 440 blocks flow of the reactive fhud 416 through the mechanical element
420. The firing pin 440 is activated by timer, pressure signal, vibration signal, or temperatore
change. Upon receipt of an activation signal, smalf explosives within the firing pin 440

discharge, which dislodge the furing pin 440 from the mechanical clement 420, opening the

25 flow path through the mechanical element 426 to the swellable metal 410 in the chamber 446.
{8054} The activatable sealing element 402 also comprises a cover sleeve 408, which protects
the swellable metal 410 and 15 removable to allow the swellable metal 410 to swell from contact
with the reactive fluid 416 and expand out from the activatable element 402 into sealing
engagement with a wall 1n the borehole similarly to the cover sleeve 108 discussed above i

30 FiGs 1-3.

{8035} FIG. 12 shows the activatable sealing element 302 in a post-activation configuration.

The firing pin 442 has discharged and been removed from the mechanical element 420, thus

12
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opening the mechanical element 420. With the mechanical clement 420 open, the pressure from
outside the expandable packer 400 that 1s communicated to the fluid chamber 418 through the
port 444 collapses the fluid chamber 418, thus pushing the reactive fluid 416 mto the chamber
446 to contact the swellable metal 410, The reactive fluid 416 contacting the swellable metal
5 410 reacts with and expands the swellable metal 410 to form swelled metal. The cover sleeve
408 15 removed or joined with the swelled metal as described above with respect to the cover
108 shown i FIGs. 1-3, allowing the swelled metal to expand away from the activatable

sealing element 402 nto the borehole and contact a wall i the borehole to form a seal.

{B056] Examples of the above embodiments include the following numbered examples where
10 the embodiments of any subsequent example incorporate the embodiment(s) of any preceding

gxanple(s) or combinations thereof:

{6657} 1. An expandable packer comprising an activatable sealing element disposable in

a borehole having a wall and activatable with a reactive fluid, the sealing element comprising:

a swellable metal capable of reacting with the reactive fluid to form a swelled metal;
i5 and
a mechanical clement separating the reactive fluid from the swellable metal and
operable to cause the reactive fluid to contact the swellable metal such that
swellable metal expands into sealing engagement with the wall.
{6058] 2. The expandable packer of claim 1, further compnising a cover sleeve separating

20 the swellable metal from an annular space surrounding the cover sleeve, wherein the
mechanical element is sclectively operable to remove the cover slecve to expose the swellable
metal to the annalar space.

{6039 3. The expandable packer of claim 2, wherein the swellable metal is contained
within a hydrostatic chamber.

25 (8068} 4. The expandable packer of claim 3, further comprising an openable container
containing the reactive fluid, the openable container being openable by operation of the
mechanical element.

{6651} 5. The expandable packer of claim 4, further compusing wiper plugs positioned
between the cover sleeve and the wall and between the openable contaimer and the wall to at

30 least partially seal the annular space.

13
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{8062} ©. The expandable packer of claim 4, wherein the openable container comprises a
piston to push the reactive fluid into the amnular space and a valve scparating the openable

container from the annular space.

{6063} 7. The expandable packer of claim 1, wherein the swellable metal comprises a
sleeve with a longiudinal groove positioned to convey the reactive fluid to the slecve and
channels perforating the groove and the sleeve to allow the reactive fluid to flow through and

contact the swellable metal.

{B064] 8. The expandable packer of claim 7, wherein the mechanical element comprises

a control hine arranged to convey the reactive fhad to the activatable sealing element.

{6065} 9. The expandable packer of claim 7, wherem the reactive fluid is contained
outside the activatable sealing element and 1s mjectable into the activatable sealing element.
{0066} 10, The expandable packer of claim 1, further comprising;

a flaid chamber containing the reactive flaid;

a hydrostatic chamber containing the swellable metal;

a valve positioned between and separating the fluid chamber and the hydrostatic
chamber and movable to cause the reactive fluid to How through the valve and
contact the swellable metal; and

a cover sleeve removable to allow the swellable metal to swell from contact with the
reactive thuid.

{86671 11 The expandable packer of claim 10, wherein the fluid chamber and the
hvdrostatic chamber surround a tubular that comprises a port that allows communication of

pressure from inside the tubular to move the mechanical element.

{6068} 12. The expandable packer of claim 10, wherein the mechanical element comprises
a piston movable to push the reactive fluid through the valve to contact the swellable metal.
{B069] 13, The expandable packer of claim 10, wherein the mechanical element comprises
a firing pin blocking the valve and movable to coliapse the fluid chamber and force the reactive
fluid through the valve to contact the swellable metal.

{66761 14. The expandable packer of claim 13, wherein the firing pin s activated by timer,
pressure signal, vibration signal, or temperature change.

{B071] 15, The expandable packer of claim 1, wherein the swellable metal is in the form of

beads, wires, pellets, powder, particles, granules, or a combination thercof.

14
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{8072} 16, The expandable packer of claim 1, wherein the reactive fluid is deliverabie to

the activatable sealing element via a control line.

{60731 17, A method of forming a seal in a borehole comprising a wall, the method
COMPrising:
5 locating an expandable packer comprising an activatable scaling clement within the
borchole;

using a mechanical clement of the activatable sealing element to cause a reactive fhuid
o contact a swellable metal; and
expanding the swellable metal into sealing engagement with the wall by reacting the
14 swellable metal with the reactive fluid.
{6674 18, The method of claim 17, wherein the contact produces hydrogen gas and the
method further comprises venting the hydrogen gas through wiper plugs positioned between

the activatable sealing element and the wall.

{8075} 19, The method of claim 17, wherein the reactive fluid does not contact the

15 swellable metal without operation of the mechanical element.

{6676} 20. The method of claim 17, wherein using the mechanical element further comprises

opening an openable container containing the reactive fhnd.

{60877} Certain termos are used throughout the description and claims to refer to particular
features or componerds. As one skilled 1n the art will appreciate, different persons may refer to
2G  the same feature or component by different names. This document does not intend to

distinguish between components or features that differ in name but not function.

{8078} For the embodiments and examples above, a non-transitory computer readable medivm
can comprise instructions stored thereon, which, when performed by a machine, cause the
machine to perform operations, the operations comprising ong or more features similar or
25 identical to features of methods and techniques described above. The physical structures of
such instructions may be operated on by one or more processors. A system to implement the
described algorithm may also inclade an electronic apparatus and a communications unit. The
system may also include a bus, where the bus provides clectrical conductivity among the
components of the system. The bus can include an address bus, a data bus, and a control bus,
303 cach mdependently configured. The bus can also use common conductive lines for providing
one or more of address, data, or control, the use of which can be regulated by the one or more

processors. The bus can be configured such that the components of the systern can be
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distributed. The bus may also be amanged as part of a communication network allowing

coramunication with control sites situated remotely from system.

{0078] In various embodiments of the system, peripheral devices such as displays, additional
storage memory, and/or other control devices that may operate in conjunction with the one or
more processors and/or the memory modules. The peripheral devices can be arranged to
operate 1n conjunction with display unit(s) with instractions stored in the memory module to
implement the user imterface to manage the display of the anomalies. Such a user interface can
be operated in conjunction with the convmunications unit and the bus. Various components of
the svstem can be mtegrated such that processing identical to or similar to the processing

schemes discussed with respect to varicus embodiments herein can be performed.

{6080} While compositions and methods are described herein in terms of “comprising” various
compounents or steps, the compositions and methods can also “consist essentially of” or “consist

of” the various components and steps.

{3081} Unless otherwise mdicated, all numbers expressimng quantities of mgredients, properties
such as molecular weight, reaction conditions, and so forth used in the present specification
and associated claims are to be understood as being modified in all instances by the term
“about.” Accordingly, unless indicated to the contrary, the numerical parameters set forth in
the following specification and attached claims are approximations that may vary depending
apon the destred propertics sought to be obtained by the embodiments of the present invention.
Atthe very least, and not as an atterapt to [t the application of the doctrine of equivalents to
the scope of the claim, ecach numerical paramcter should at least be construed m light of the
number of reported sigmificant digits and by applving ordinary rounding technigques accepted

bv those skilled in the art.

{8682} The embodiments disclosed should not be interpreted, or otherwise used, as limiting
the scope of the disclosure, including the claims. ¥t is to be fully recognized that the different
teachings of the embodiments discussed may be employed separately or in any suitable
corabination to produce desued results. In addition, one skilled m the art will understand that
the description has broad application, and the discussion of any embodiment is meant only to
be exemplary of that embodiment, and not intended to suggest that the scope of the disclosure,

mchuiding the clamms, s Emited to that embodiment.
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CLAIMS
What is clauned 18
1. An expandable packer comprising an activatable sealing element locatable in a borehole

having a wall and activatable with a reactive thuid, the scaling clement comprising:
a swellable metal capable of reacting with the reactive fluid to form a swelled metal;
and
a mechanical element separating the reactive fluid from the swellable metal and
operable to cause the reactive fluid 1o contact the swellable metal such that

swellable metal expands into sealing engagement with the wall.

2. The expandable packer of claim 1, further comprising a cover sleeve separating the
swellable metal from an annular space surrounding the cover sleeve, wherein the maechanical
clement is selectively operable to remove the cover sleeve to expose the swellable metal to the

annular space.

3. The expandable packer of claim 2, wherein the swellable metal 18 contained within a

hydrostatic chamber.

4. The expandable packer of clamm 3, further comprising an openable container contatning
the reactive thud, the openable container being openable by operation of the mechanical

clement.

5. ¢ expandable packer of claim 4, further comprising wiper plugs positioned between
the cover sleeve and the wall and between the openable container and the wall to at least

partiafly seal the annular space.
6. The expandable packer of claim 4, wherem the openable contamer comprises a piston

to push the reactive fhuid into the annular space and a valve separating the openable container

from the annular space.

17
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7. The expandable packer of claim 1, wherein the swellable metal comprises a sleeve with
a longitudinal groove positioned to convey the reactive fluid to the slecve and chaonnels
perforating the groove and the sleeve to allow the reactive thuid to flow through and contact

the swellable metal.

3. The expandable packer of claim 7, wherein the mechanical element comprises a control

line arranged to convey the reactive fhuid to the activatable scaling element.

9. The expandable packer of claim 7, wherein the reactive fluid is contained outside the

activatable seahng element and 15 injectable into the activatable sealing clement.

10, The expandable packer of claim 1, further comprising:

a fluid chamber containing the reactive fluid;

a hvdrostatic chamber containing the swellable metal;

a valve positioned between and separating the fluid chamber and the hydrostatic
chamber and movable to cause the reactive fluid to flow through the valve and
comtact the swellable metal; and

a cover slesve removable to allow the swellable metal to swell from contact with the

reactive fluid.

i1.  The expandable packer of claim 10, wherein the flwid chamber and the hydrostatic
chamber surround a tubular that comprises a port that allows communication of pressure from

mside the tubular to move the mechanical element.

12. The expandable packer of claim 10, wherein the mechanical element comprises a piston

movable to push the reactive fluid through the valve to contact the swellable metal.
13, The expandable packer of claim 10, wherein the mechanical element comprises a firing
pin blocking the valve and movable o collapse the fhud chamber and force the reactive fhnd

through the valve to contact the swelable metal.

14, The expandable packer of claim 13, wherein the firing pin is activated by timer,

pressure signal, vibration signal, or temperatare change.
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15, The expandable packer of claim 1, wherein the swellable metal is in the form of beads,

wires, pellets, powder, particles, granules, or a combination thereof.

16, The expandable packer of claim I, wherein the reactive fluid is deliverable to the

5 activatable scaling element via a control line.

17. A method of forming a seal m a borchole comprising a wall, the method comprising:
locating an oxpandable packer comprising an activatable scaling clement within the
borchole;
16 using a mechanical clement of the activatable scaling element to cause a reactive fluid
to contact a swellable metal; and
expanding the swellable metal mto scaling engagement with the wall by reacting the

swellable metal with the reactive flmd.

i8. The method of claim 17, wherein the contact produces hvdrogen gas and the method

[
(¥4

further comprises venting the hydrogen gas through wiper plugs positioned beotween the

activatable seahing element and the wall.

19. The method of claim 17, wherein the reactive fluid does not contact the swellable metal

28 without operation of the mechanical clement.
!

20. The method of claim 17, wherein using the mechanical element forther comprises opening

an openable container containing the reactive fhud.
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