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WELL TOOLS OPERABLE VIA THERMAL EXPANSION RESULTING
FROM REACTIVE MATERIALS
10 TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in an example described below, more particularly
provides well tools operable via thermal expansion resulting

15 from reactive materials.

BACKGROUND

Power for actuating downhole well tools can be supplied
20 from a variety of sources, such as batteries, compressed
gas, etc. However, even though advancements have been made
in supplying power for actuation of well tools, the various
conventional means each have drawbacks (e.g., temperature
limitations, operational safety, etc.). Therefore, it will
25 Dbe appreciated that improvements are needed in the art of

actuating downhole well tools.



In the disclosure below, well tool actuators and associ ated nethods are
provi ded which bring inprovenents to the art. One exanple is described

bel ow i n wbi2eti/®7B1subst ance is thermal ly expanded to aeCwAatSeoia/oemht t ool .
Anot her example is described belowin which the well tool can be actuated
mul tiple tines. In one aspect, a syethod of actuating a well tool in a
well is provided by the disclosure. The nethod can include: 10a) rel easing
chemi cal energy fromat |east one portion of a reactive nmaterial; b)
thermal Iy expanding a substance in reapaeee to the rel eased chem ca

energy; and c) applying pressure to a piston as a result of 15

thermal |y expagdl gt e 8yRsLaRCeer bher €Y 128 LUt LG LS el 00!
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materiml tubetwhAcehishehceablepeegpandetickeaseduatndaawpilst @600 Whi ch
pressure is g plied due tq thermal expansion, of the 25 substance in
response f8oF P§a§§aHP1€héﬁ1é&ﬁcéﬁQP&yb€#8W|ﬂﬁeWPéaét the waddrtaprl I n

a furthercggpggtac@ug@ggoguqtlgqgugghgg a well tool nmultiple tines in a
wel | can include, for each of nultiple actuations of the well tool while

the well tool &ﬁ”%h@saégeBQs'h'ﬂ@%ﬂoﬁ”okhﬁcﬂﬁhkmnee%f%Eﬁh”ﬂobﬁelhoh|OMﬂ”9
set of st eps. a) generating gas fromat | east one portion of
well is provided by the disclosure. The method can include:

10 a) releasing chemical energy from at least one portion

of a reactive material;

b) thermally expanding a substance in response to the

released chemical energy; and

c) applying pressure to a piston as a result of
15 thermally expanding the substance, thereby actuating the
well tool.

In another aspect, the method can include, for each of
multiple actuations of the well tool, performing the set of

steps a) - c¢) listed above.

20 In yet another aspect, a well tool actuator is
disclosed which can include a substance contained in a
chamber, one or more portions of a reactive material from
which chemical energy is released, and a piston to which
pressure is applied due to thermal expansion of the

25 substance in response to release of chemical energy from the

reactive material.

In a further aspect, a method of actuating a well tool
multiple times in a well can include, for each of multiple
actuations of the well tool while the well tool remains

30 positioned in the well, performing the following set of

steps: a) generating gas from at least one portion of a



WO 2011/ 087721PCT/ US2010/ 061047 -3 - reactive material; and b) applying
pressure to a piston as a result of generating gas fromthe portion of the
reacti ve wetzert/@lj21t her eby actuating the well tool. | n &C3tuskétofosroaher
aspect, a well tool actuator is 5 disclosed which includes multiple
portions of a reactive material which.generates gas; and a piston to which
pressure is applied due to generation of gas by the reactive material.
These and ot her features, advantages and benefits will 10 becone apparent

to one of .ardinaeyskillah? tha ant 90 6ar sf-uksgeasideratianaf skh
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can enbody principles. he, present 20 disclosure. FIG .2 is an
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the wel | togl ac&uator, t he
material.

These and other features, advantages and benefits will
10 become apparent to one of ordinary skill in the art upon
careful consideration of the detailed description of
representative examples below and the accompanying drawings,
in which similar elements are indicated in the various

figures using the same reference numbers.

15

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic partially cross-sectional view of
a well system which can embody principles of the present

20 disclosure.

FIG. 2 is an enlarged scale schematic cross-sectional
view of a well tool actuator which may be used in the system

of FIG. 1.

FIGS. 3-5 are schematic cross-sectional views of
25 another configuration of the well tool actuator, the

actuator being depicted in various stages of actuation.

FIGS. 6-8 are schematic cross-sectional views of
another configuration of the well tool actuator, the

actuator being depicted in various stages of actuation.



actuator being depicted in various stages of actuation. WO

2011/ 087721PCT/ US2010/ 061047 -4 - FIGS. 9 & 10 are schematic

cr oss- secwpanalosvizews of anot her configuration of the welCh/useab/oawyuat or,
the actuator being depicted prior to and after actuation. 5DETAI LED

DESCRI PTI ON Representatively illugtrated in FIG 1 are a well system
10 and associ ated net hods whi ch enbody principles of the present

di scl osure. The well system 10 includes a casing string or other type of

tubular stringgggi ngt gl '16%%@ 5Bh@m4el Engtés%A' eétlb'ﬂ?'i Yiklagogr ot her

type of tubular string 16 has been secure 0 e tubular string 12 by use
of a I|neanhahggrconf@gheatuppeOGfthelweﬂéotoms actuatoThethel | tool 18

i ncl udes an anghorbng deglcgc%% andlan %ctuatorfgor Tg% a%tuator 50 sets
t he ancho9lng 8vi 66748, “I8§6 ghgf Phe Pu8u9a9 Friﬁg ¥6i'S"secured to the

tubular string 12. The well tool 18 may al so include a sealing device (such
as the sealing device 36 described below for sealing between the tubul ar

strin 12, 16 if desired. Th e exanpl e of a w de

vari ety of 20 well tools mhicﬁEﬁ§§£Fh @%5%%&?3 § inciples of this

di scl osure. QO her type f, whi ma ncorporate t princi pl es
of “thi o df scl oBEPECEREtaBiEFBod | OPGHE CROwbloF 157 1oRGR d BELL barly
under st oodykhat theapsi BesBkestel hBithodksGhasur emdbaynpl-ihtciblied be use
only with the wel | 25 tools described herein, and these well tools may be

used in other PREEENSy dismrsoaHEein ShRelekbt Biasem LlodhcdEgast Bng from t he

principle h cl,os I ditel h tgol: wel |
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10 in a wellbore 14. A liner string or other type of tubular
string 16 has been secured to the tubular string 12 by use

of a liner hanger or other type of well tool 18.

The well tool 18 includes an anchoring device 48 and an
actuator 50. The actuator 50 sets the anchoring device 48,
15 so that the tubular string 16 is secured to the tubular
string 12. The well tool 18 may also include a sealing
device (such as the sealing device 36 described below) for

sealing between the tubular strings 12, 16 if desired.

The well tool 18 is one example of a wide variety of
20 well tools which may incorporate principles of this
disclosure. Other types of well tools which may incorporate
the principles of this disclosure are described below.
However, it should be clearly understood that the principles
of this disclosure are not limited to use only with the well
25 tools described herein, and these well tools may be used in
other well systems and in other methods without departing

from the principles of this disclosure.

In addition to the well tool 18, the well system 10
includes well tools 20, 22, 24, 26, 28 and 30. The well
300 tool 20 includes a flow control device (for example, a valve

or choke, etc.) for controlling flow between an interior and



30 tool 20 includes a flow control device (for exanple, a valve or choke,
etc.) for controlling flow between an interior and WO

2011/ 087 AR ORCT/0882010/ 061047 -5 - exterior of a tubul ar PETAISREOBRI04AS
depicted in FIG 1, the well tool 20 also controls flow between the
interior of the tubular string 32 and.asformation or zone 34 intersected by
an extension of the wellbore 14. 5The well tool 22 is of the type known to
those skilled in the art as a packer. The well tool 22 includes a sealing

devi ce 300304,38,26/Ua! PlipdaLOL 38k 09t NS ERLLRTCACYhORrcs01t Nthe!

prevents ow fhrough an annulus 40 for med n the tubular strings 16,
32. The wubﬂlt@oblzzOnaﬂsmocah$60ﬂﬁcﬁmdw bﬂtanehothngldeeraer(Qﬁchhas t he

anchorlng device 4 esc bed abo e securln ul ar tr| 32 to
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control danle&téheﬁoﬁxampkhe welabwveeonchoke, etc.) for controlling flow
15 between the annulus 40 and the interior of the tubular string 32. As
depi ct®d in Fl @helwellhetwelll 200dk 24 ithepaybbki RAGGNWEDNtAowel kk3cnedn
assenbly 42 in the well bore 14. PreferabIX the flow control device of the
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the well gagithabet Badl hawadeastBet 3Bayert QcRasnqgt RhaugBatihagseeeete,
assenbly 42, which m ght damage or clog the screen) and then, after
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tool 26.1 feFiiBs FPoaPiPEL DN CROBPAVERE PRECPAITothE: SUPBIAS SE¥FPdm 20
bei ng det gnatedtust itubuhay Baveénhees,safebgsimetal led in the well. WO
2011/ 087721PCT/ US2010/ 061047

The well tool 24 includes a flow control device (for

example, a valve or choke, etc.) for controlling flow

15 Dbetween the annulus 40 and the interior of the tubular
string 32. As depicted in FIG. 1, the well tool 24 is
positioned with a well screen assembly 42 in the wellbore
14. Preferably, the flow control device of the well tool 24
allows the tubular string 32 to fill as it is lowered into

20 the well (so that the flow does not have to pass through the
screen assembly 42, which might damage or clog the screen)
and then, after installation, the flow control device closes
(so that the flow of fluid from a zone 44 intersected by the
wellbore 14 to the interior of the tubular string is

25 filtered by the screen assembly).

The well tool 26 is of the type known to those skilled
in the art as a firing head. The well tool 26 is used to
detonate perforating guns 46. Preferably, the well tool 26
includes features which prevent the perforating guns 46 from

30 being detonated until they have been safely installed in the
well.



-6 - The well tool 28 is of the type known to those skilled in the
art as a cenenting shoe or cenenting valve. Preferably, the well tool 28

al | ows t hwototwisaristring 16 to fill with fluid as it i ®Caisegoionssal | ed in
the well, and 5 then, after installation but prior to cenenting the tubul ar
string in the well, the well tool permgs_only one-way flow (for exanple,

in the manner of a check valve). The well tool 30 is of the type known to
those skilled in the art as a formation isolation valve or fluid | oss 10

control valve. 1Rcelgiablyorl g el be! efl GpBr RAEANS caOLREREdLY dhkaCt ed
flow (as viewed in FIG 1) through an intefior tlow passage of the tubular
string 32.inf theeratrpke, at cepestény bbeos ot wemenftlingdvedvehe zone 44 during

conpl eti on_gperations,,Eventuall e |l tool 30.is_15_ actuat Q
por it doRRAAEaRp 10T SbPo ot kbR of Sagbisle. She ERPbRborREi B, I8s S cess
or flow thenet hieugh)luidl bBoughienbgihheiastuateds id8thbOwbkate badn

descri bed %bove for actuat&gg t.he Il tools 18, 22, it shguld ge
under st o0& FRat 2AAFTof PERELIEREPPWERE PESOPE %6, comensgndogherfusylagy al so

i nclude agtwaher $n HRvewenl,i theSwetl Reeespaihitar oany ehethaywelbwt ool s
18, 20, 22, 24, 26, 28, 30 to include a separate actuator in keeping with

t he princi(fP&sespmphpes dnséhgstipanert o§hduriegksyab¥elnder st ood t hat any
type of well tool 25 can be actuated using the principles of this
di scl osure. Fofhexamrpletoph 88disi O thet h¥prekhowpolte tBosgoskarleds 26,

28, 30 deiﬁrkagda?Q°§§’aV§FERH%1h¥p§§095tRBBd98&58”o¥agiﬁid hgegation fluid

sanpl ers, “packers, plugs, Iiner hangers, sand control devices, safety
val ves] etontrodnvbhével aftredbedblYhetpei weilpl ésodf 30hpsedestbosur e can be

utilized Lp drbllh 99459068t 8l N8t 99kfea®ihCkcn® 1) 02heoubRObS
interior flow passage of the tubular string 32, for example,
to prevent loss of well fluid to the zone 44 during
completion operations. Eventually, the well tool 30 is
15 actuated to permit downwardly directed flow (for example, to

allow unrestricted access or flow therethrough).

Although only the actuators 38, 50 have been described
above for actuating the well tools 18, 22, it should be
understood that any of the other well tools 20, 24, 26, 28,

20 30 may also include actuators. However, it is not necessary
for any of the well tools 18, 20, 22, 24, 26, 28, 30 to
include a separate actuator in keeping with the principles

of this disclosure.

It should also be understood that any type of well tool
25 can be actuated using the principles of this disclosure.
For example, in addition to the well tools 18, 20, 22, 24,
26, 28, 30 described above, various types of production
valves, formation fluid samplers, packers, plugs, liner
hangers, sand control devices, safety valves, etc., can be
30 actuated. The principles of this disclosure can be utilized

in drilling tools, wireline tools, slickline tools, tools



WO 2011/ 087721PCT/ US2010/ 061047 - 7 - that are dropped in the well, tools

that are punped in the well, or any other type of well tool. Referring
addi ti onawbyonas’2e FIG 2, a well tool actuator 54 whi ebTarsk@adioen47
principles of this disclosure is 5 representatively illustrated. The

actuator 54 is used to actuate a well_tpal 56. The well tool 56 may be any
of the well tools 18, 20, 22, 24, 26, 28, 30 described above, or any other
type of well tool. The actuator 54 may be used for any of the actuators 38,

50 in theigygt s%lgroggeghgnlﬁeh%%gﬂor +36198¥ hle a%gdﬁgpggay ifthge vell

system depi In Fl the actuator 54 an annul ar

pi st on 58wehilchogepayabsbetrwsyarnolfawedbarbeds 60, 62. A thernally
expandabl e substance 64 is disposed in each chanber 60, 62. The substance
64 coul d conereéeargag gdd¢hivbaddy apgomooFIGi.t 2egenweéflctpola |iquid
(such as, ter or Lor a _solid, . Paortions 6

oncti ve REFUPESE 88 HPachsElPPHeRoPTanraPlesand FheSs ISP AREETE thnd -
thereby appbyesedichierent anlnseirauéa acrass atheaapbst 68 38. ukka poston 58
20 may in sonme enbodi nents displace as a_result of the biasing force due to

the diff ePERPREF 6r¥§%&r§°8&r5§s t RBepeldntPE 1t Rér BBY REt 8A¥e°fh& fel

tool 56, @e1ihecbnasihgg berceznmaysberysedgst 03ackdateibbe WBblel 08k W t hout
requiring much glf any) dlsplacenent of the pi ston. 25A Iatchlng mechani sm

(not showApycetbarr éypei of weldnéarelef The prévienosgS>dnmpy Ret bgadi on of
the react iy Isp&eb'falthQSaFEt‘aht?%g”Bbg ggh%etﬁ ubdshen allghe?ﬁ RhQ initially

preventing acenent o0 e pisto so t at the differential pressure
acr osk0 t hecpustom hdsmby becueaseiBOany atpeedweédnsyetiemevel for the shear
pin to shear and rel ease the piston for displacenent. Alternatively, or in

addi tion, an eRastlepgcitedelien®dt.(8yuclhasaatuatpirng4onnthedes an

annular piston 58 which separates two annular chambers 60,

62. A thermally expandable substance 64 is disposed in each

chamber 60, 62. The substance 64 could comprise a gas (such
15 as, argon or nitrogen, etc.), a liquid (such as, water or

alcohol, etc.) and/or a solid.

Portions 66 of a reactive material 68 are used to
thermally expand the substance 64 and thereby apply a
differential pressure across the piston 58. The piston 58

20 may in some embodiments displace as a result of the biasing
force due to the differential pressure across the piston to
thereby actuate the well tool 56, or the biasing force may
be used to actuate the well tool without requiring much (if

any) displacement of the piston.

25 A latching mechanism (not shown) could restrict
movement of the piston 58 until activation of the reactive
material 68. For example, there could be a shear pin
initially preventing displacement of the piston 58, so that
the differential pressure across the piston has to increase

30 to a predetermined level for the shear pin to shear and
release the piston for displacement. Alternatively, or in

addition, an elastomeric element (such as an o-ring on the



WO 2011/ 087721PCT/ US2010/ 061047 -8 - piston 58) nmay be used to provide
friction to thereby hold the piston in position prior to activation of the
reacti ve wateriv@r7268. I n the exanple of FIG 2, chem calpCeruseqy/onay’ be 5
rel eased fromone of the portions 66 of the reactive naterial 68 on a | ower
side of the piston 58 to cause thernmal gxpansi on of the substance 64 in the
| ower chanber 62. This thernmal expansion of the substance 64 in the | ower
chanber 62 will cause an increased pressure to be applied to 10 a | ower

side of thespLtaen é5§\a t er ?dibbcasio%ﬁta@ RS LR oHPYaY séha%k@cmgh' ng the
wel | tool °58 i’h oné maRner e.g., closing a valve, setting an anchoring
devi ce, etbe)pishenpiist pnsi8imnypdiopl doeagpwarpdivo aft theerehetwekl t ool
56 in response.to %Qe bi asing force generated by the thermally 15 expanded
subst ance 85. Chemical energy nmay then be released fromone of the

portions 66 of _the reactive material 68 on an upper side of the piston 58
Do cause ther il ERBaREPBRIG SEnE ‘Cablr ahbeTasoNn SPRESYpBaY BRanber 60.
Thi s ther rall eaxpansirom ohet be 20eSpbstanae 64 off the wpperig¢banber 60 wil |
cause an increased pressure to be applied to an upper side of the piston

58, ther eB§t6rasingSt RE Bi%PUﬁrdS%H%apé &R& B&?GQBlﬁé tReCREFP tool 56 in

anot her NMpRBeMaf€eSpanSRBRi BE @h¥akuBstHASEt buNgnaRhaneBQerNgndfBkee,
etc.). The piston 5§ may di splace 25 downward to actuate the well tool 56

in respongéd-toThie bhesimad PsPeasdenepat shehpubhtanker Ml iy &Ekpadower
2L A0CE il 07 RICLAGLR, o TSl BpoBLUR! @ B appaaeis I
10 a lower side of the piston 58, thereby biasing the piston
upward and actuating the well tool 56 in one manner (e.g.,
closing a valve, setting an anchoring device, etc.). The
piston 58 may displace upward to actuate the well tool 56 in
response to the biasing force generated by the thermally

15 expanded substance 64.

Chemical energy may then be released from one of the

portions 66 of the reactive material 68 on an upper side of
the piston 58 to cause thermal expansion of the substance 64
in the upper chamber 60. This thermal expansion of the

20 substance 64 in the upper chamber 60 will cause an increased
pressure to be applied to an upper side of the piston 58,
thereby biasing the piston downward and actuating the well
tool 56 in another manner (e.g., opening a valve, unsetting
an anchoring device, etc.). The piston 58 may displace

25 downward to actuate the well tool 56 in response to the
biasing force generated by the thermally expanded substance
64.

In one beneficial feature of the actuator 54 as
depicted in FIG. 2, this method of actuating the well tool
30 56 may be repeated as desired. For this purpose, multiple

portions 66 of the reactive material 68 are available for



30 56 may be repeated as desired. For this purpose, multiple portions 66 of
the reactive material 68 are available for WD 2011/ 087721PCT/ US2010/ 061047
-9 - causwogotinsrteal expansi on of the substance 64 bot hprabaseoiandiobzl ow t he
pi ston 58. Al though only two portions 66 are visible in FIG 2 positioned
above and bel ow the piston 58, any numbgr_of 5 portions nmay be used, as
desired. The portions 66 nay be radially distributed in the ends of the
chanbers 60, 62 (as depicted in FIG 2), the portions could be positioned

on only ogpg,siidg Qheﬁﬁﬁlpé§§99s§gn(WEt@h8a§§ﬁ e3nBe! BY Bé%ﬂ bBopRNAGEL Ssone

of the portions™t o the oppoSite side of the 10 piston), the portions could
be st ackebellowgithedpnaltbp, 58t.c. Thus, it will be appreciated that the
portions 66 of the reactive material 68 could be l|located in any positions
relative to thalphsugh 58lgndwohaoiveion60666arenvieepilegini FAGEhE

pr|n0|ples of. . this disclosure. K 15As icted in_ElIG 2, ple portions
6 of [ hePPBALtPIE AP ParnRaba8v, R POF 8RpaAa: QT RETCEEAPInce 64 1 n
the chanmbebré@onanthag denmukat, nabtagber@artimné ﬁaraﬁanssed fnafy B¥pandi ng

t he substance 64 in.the chanber 62. ver, in other_ examl es, each
portion GGaQFa#é¥CFF§§r2§uﬁ§9eFPthG8eBQEIHfbéhﬁsgaaPBeéﬁpéﬂd 32568§tance

In a respgeblivec8€Rar 8re.chgnbehe porihdhst Beukar beopssdeibakd share”
chamber. only one side of the piston 58 (with passages being used to
connect some of the portions to the opposite side of the
10 piston), the portions could be stacked longitudinally, etc.
Thus, it will be appreciated that the portions 66 of the
reactive material 68 could be located in any positions
relative to the piston 58 and chambers 60, 62 in keeping

with the principles of this disclosure.

15 As depicted in FIG. 2, multiple portions 66 of the
reactive material 68 are used for expanding the substance 64
in the chamber 60, and a similar multiple portions 66 are
used for expanding the substance 64 in the chamber 62.
However, in other examples, each portion 66 of reactive

20 material 68 could be used to expand a substance in a
respective separate chamber, so that the portions do not

“share” a chamber.

A passage 70 is provided for gradually equalizing

pressure across the piston 58 after the substance 64 has

25 Dbeen expanded in either of the chambers 60, 62. The passage
70 may be in the form of an orifice or other type of
restrictive passage which permits sufficient pressure
differential to be created across the piston 58 for
actuation of the well tool 56 when the substance 64 is

30 expanded in one of the chambers 60, 62. After the well tool

56 has been actuated, pressure in the chambers 60, 62 is



A passage 70 is provided for gradually equalizing pressure across the

pi ston 58 after the substance 64 has 25 been expanded in either of the
chanber s ¥0,2082877Bhe passage 70 may be in the form of amConistélo®cwn7 ot her
type of restrictive passage which permts sufficient pressure differential
to be created across the piston 58 far jgctuation of the well tool 56 when
the substance 64 is 30 expanded in one of the chanbers 60, 62. After the
wel | tool 56 has been actuated, pressure in the chanbers 60, 62 is WO

2011/ 0877 2 010L0 47 < - uakl Vi he:pas e 70, thereby
providing%éggIéggéegggn?%gcgagf%gﬁ g gt%gb%EEV Fgglfeﬁpadzggred. The
reacti ve subeeqakné8acsuptédar alfl $he wefldr tablwhiidhdesirkdrnal |y stabl e and
non- expl osive. A suitable material 5 is known as thermte (typically

provi ded as a Phet veectfivpomdéredadl 681 nenpardernbiyori teteriedppbicbxi de,

along with _an.optional binder). When heated to i.gnition_tenperature,
o oot hetf EnPeHRTT S, SPARIE BRdcBoPeRRIOR TRe aPuRRHCALLE BREEI8Y and 10
el energ al ikr @aRoGh espplermésul (sypligailliyoprbeatednysba pravudedoifn t he
actuator 54 hy electrical current %e. . sugplied by batteries 72%_f|omﬁng
t hrough r BSVEEEREe 24 MBABHIS 2PAOL TR sP%PQeiH FFEPPSY PlfRe BEPPPoNLtES.

However, pgatgpkhahadnpipadiGe of ignition heat (e.g., 15 detonators, fuses,
etc.) may be used in keeping with the principles of this disclosure. The

reactive materzabn68cpteletabiynRte8HCeemperature, an exothermic

reaction takes place in which the aluminum is oxidized and

10 elemental iron or copper results. Ignition heat may be
provided in the actuator 54 by electrical current (e.g.,
supplied by batteries 72) flowing through resistance
elements (not visible in FIG. 2) in the portions 66.
However, note that any source of ignition heat (e.g.,

15 detonators, fuses, etc.) may be used in keeping with the

principles of this disclosure.

The reactive material 68 preferably produces
substantial heat as chemical energy is released from the
material. This heat is used to thermally expand the

20 substance 64 and thereby apply pressure to the piston 58 to
actuate the well tool 56. Heating of the substance 64 may
cause a phase change in the substance (e.g., liquid to gas,
solid to liquid, or solid to gas), in which case increased

thermal expansion can result.

25 Release of chemical energy from the reactive material
68 may also result in increased pressure itself (e.g., due
to release of products of combustion, generation of gas,
etc.). Alternatively, activation of the reactive material
68 may produce pressure primarily as a result of gas

30 generation, rather than production of heat.

Note that thermite is only one example of a suitable

reactive material which may be used for the reactive



substantial heat as chemical energy is released fromthe material. This
heat is used to thermally expand the 20 substance 64 and thereby apply
pressure WO 20ti@8pizst on 58 to actuate the well tool 56. IReattisagoobloahe
substance 64 may cause a phase change in the substance (e.g., liquid to
gas, solid to liquid, or solid to gas),jjia which case increased thernmnal
expansi on can result. 25Rel ease of chem cal energy fromthe reactive
material 68 may also result in increased pressure itself (e.g., due to

rel ease OhaRLedS! §50hnCORBUSLEAAL ISR Al bRRCA! +GBSs BEC backlilernatively,
activation of the reactive material 68 may producé pressure primarily as a
resul t of mgasrielgemeyabeonsedatihekeepangpwadbcthenpofinhéaples of thlste

h h I, i I | f i.tabl ; [ .erial which
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t he actuataffiéieitheheinipad ehetrggctiaviebsairel cakedmmyybbeusgdd iokeepi ng

with the principles of this.disclosure. Any pe. of reactive materi.al from
whi ch %ufF%@iEﬁ?cEﬁgﬁi@QFeEﬁéhg§8canP5§fFEPQ;§edtﬁﬁyrﬁ@cﬁégﬁ P&Feﬁléhe

reactive @Bt ebnpkri68s Roefeiabhiy thaiheashi ¥RouRtebird! «&B1egapei.ses no (or
only a mnimal anpbunt of) explosive. For exanple, a propellant could be
used for FRE PEaRPl¢e AuPEPPEILlE8L FRUYEr PEuYSEedafkplreshet KEaFEATEI ve

mat eri al ggtg%xa106gqnprise an expl osive, a propellant and/or a flammable
solid, etc. The reactive material 68 may function exclusively or primarily

as a gas gener oLy 96uas edahBabsgeRREALAh ot EVBChhRRE G kURLYY 74 may be
used to control the
10 comprise an explosive, a propellant and/or a flammable
solid, etc. The reactive material 68 may function
exclusively or primarily as a gas generator, or as a heat

generator.

Electronic circuitry 74 may be used to control the

15 selection and timing of ignition of the individual portions
66. Operation of the circuitry 74 may be telemetry
controlled (e.g., by electromagnetic, acoustic, pressure
pulse, pipe manipulation, any wired or wireless telemetry
method, etc.). For example, a sensor 76 could be connected

20 to the circuitry 74 and used to detect pressure, vibration,
electromagnetic radiation, stress, strain, or any other
signal transmission parameter. Upon detection of an
appropriate telemetry signal, the circuitry 74 would ignite
an appropriate one or more of the portions 66 to thereby

25 actuate the well tool 56.

Note that the reactive material 68 is not necessarily
electrically activated. For example, the reactive material

68 could be mechanically activated (e.g., by impacting a
percussive detonator), or heated to activation temperature

30 by compression (e.g., upon rupturing a rupture disk at a
preselected pressure, a piston could compress the reactive

material 68 in a chamber).



15 selection and timng of ignition of the individual portions 66.
Qperation of the circuitry 74 may be telenetry controlled (e.g., by

el ect r omreyoebilgn87Reousti c, pressure pul se, pipe mani pul &Cirars01a0y10af r ed or
wireless telenetry nmethod, etc.). For exanple, a sensor 76 could be
connected 20 to the circuitry 74 and_uged_to detect pressure, vibration,

el ectromagnetic radiation, stress, strain, or any other signal transm ssion
parameter. Upon detection of an appropriate telemetry signal, the circuitry

74 woul d ignitg.g2a,3 Hgoaehakﬁoﬂaﬁlgrngwf%OO%xhge BOELi QRS AR L O thereby 25
actuate the well too 6. Note that the reactive material 68 is not
necessari tpnéligoreitéahnl pfathevattdatbor 5éxasplreprelentesdviely anteri al 68

coul d be nechani cal activat ed o TR o \VA ctidn rcyssi ve

ot onat or JERgaRSRpadv; o LERFERE RS Brp i kI B P E 08, BRSO e de! B ey,
upon rupt gihg@eapbuptivhe 66i 5 ahearpaeselecinadepiadséBe isaupedt obueoul d
conpress the reactive naterial 68 in a chanber).
2011/d%?7?EgéﬁP%§26?6F68T64?091%2b? Ré?érrPﬁgdﬁaﬁFgg%ﬁaWPﬁenéwlﬁg FI GS.
3-5, anot bBenogenfiguration of the actuator 54 is representatively and
schematically illustrated. As depicted in FIGS. 3-5, only a single portion

66 of the reacthvenaBb@hindhe68fi F1d8ed3-BUt tReMilibsRhacROKUI @BMpEQYLd be
used, as described nore fully bel ow. In the exanpl e of FIBS. 3-5, the

subst anceve4egonphists iaapsevensieeh frsmpbevdingdatr gabbplleng at downhol e
t enper at Ui g Q¥9gu?%§5hpgad%!bgﬁnéBdQQHEQ H%E%ﬁEEhZE?e%gﬁf}QeﬁaEﬁ%- The

bi asi ng devi ce thi's exanpl e conprises a gas spring (such as a chanber
80 haMi ngwptessur Thedbnbtiogedeygaset ér ennthibuexetmpée typpesieksbmasi ng

devi ces (suchsas.% cgil ﬁr %avecggr%n : gtg.b.g&y b% useq hfng%§gr%%. In
this exangfg, “Ph&"Substanc8%64 ¢t ﬁ%ré s88VBY% REBLRSIHAS J
gas therein), but other types of biasing devices (such as a
coil or wave spring, etc.) may be used, if desired. In this
example, the substance 64 is compressed by the biasing

15 device 78 prior to conveying the well tool into the well.

In other examples, the substance 64 (such as water)
could be prevented from boiling prematurely by preventing
displacement of the piston 58. Shear pins, a release
mechanism, high friction seals, etc. may be used to prevent

20 or restrict displacement of the piston 58. Of course, if
the anticipated downhole temperature does not exceed the
boiling (or other phase change) temperature of the substance
64, then it is not necessary to provide any means to prevent

boiling (or other phase change) of the substance.

25 In FIG. 3, the actuator 54 is depicted at a surface
condition, in which the nitrogen gas is pressurized to a
relatively low pressure, sufficient to prevent the water
from boiling at downhole temperatures, but not sufficiently
high to create a safety hazard at the surface. For example,

30 at surface the nitrogen gas could be pressurized to

approximately 10 bar (~150 psi).



15 device 78 prior to conveying the well tool into the well. I n ot her
exanpl es, the substance 64 (such as water) could be prevented from boiling
pr emat ur e 2by/g8revent i ng di spl acenent of the piston 58PCBhsaropsng7 a

rel ease nmechanism high friction seals, etc. may be used to prevent 20 or
restrict displacenent of the piston 583130L course, if the anticipated
downhol e tenperature does not exceed the boiling (or other phase change)
tenperature of the substance 64, then it is not necessary to provide any

means to prevert, Begling QQEE%E@E% BRasgg Egaggglcgédtﬁ% SUBSLARGEe 25!N

FIG 3, the actuator 54'is |cte at a sur e condition, in |ch he
ni trogen g@gdu$lpnessurwhedhtghamneaétbnetyylhaspbesgurelesaéﬁiéremt to

pr event th vater fron1b e ures
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at surfaceubbeanbbregeangaappmyhdgba pmessumezddfﬁerapp&a3|aateby tﬁebar
(-150 %S|§ WO 2011/ 087721PCT/ US2 10/0g1047 - , the

act uat ASEONgefi-ct &8 &'1§ §8GARROFe & ﬁdPﬂ?Gﬁn ?ﬁ ﬂﬁ?éhneﬁeﬁﬂéﬁﬂagﬁergy

has been agkea&gdbﬁyoqb&hatr@aqglwaeﬁakaéla51@8tobmesebxsta@mﬁakbu
expandi ng the substance 64 and agplﬁlng a pressure differential across the
5 pi ston B8WeVRTyhP¥ediBApPEY FRéCHLatdANS8SHEESShothatsgrkeEanpprdcei ably

(or at allohraieRabhBowebhoka0baS8ol -a0hua efle HR1VELoIPEE i Fhpar Y

cal cul ati ons suggest at substanti orce can bé generafed o actuate the
wel | tool eBempfler, ersmptengr ésomt upgtbr eppupxtioagppyoXOMat by 7000 bar 10

(-10 00 ssur.e differential _being.cre ted acras the |ston 58.

e s Cihe- Q0BRAET BrorBURe, Al rad e e R B ot ATt 85 PORR i ch
chem cal eher gyshaa B8en rel eased fromthe reactive naterlal 68, t her eby
thermal |y expandi ng the 15 substance 64 and applying a pressure
differential aghogscthe,pideoack8atas 6A tiBedepaored at &l GowAhollewever, in
the exanple of FIG 5, the glston 58 _di spl aces i n response to the t her mal

expansi on<6f dii rd OBubd PaBd B4 C PWlSP&ePn?EggcpaétQe?ﬁerﬁéﬁps?éoﬁrgﬁ
Dependi ng+@R tB8cRAQENta®brial 68, thereby thermally expanding the

15 substance 64 and applying a pressure differential across the
piston 58, as in the example of FIG. 4. However, in the
example of FIG. 5, the piston 58 displaces in response to
the thermal expansion of the substance 64, in order to
actuate the well tool 56. Depending on the amount of

20 displacement of the piston 58, approximately 750-1900 bar
(~10-25,000 psi) pressure differential may remain across the

piston 58 at the end of its displacement.

Multiple actuations of the well tool 56 may be
accomplished by allowing the substance 64 to cool, thereby
25 relieving (or at least reducing) the thermal expansion of
the substance 64 and, thus, the pressure differential across
the piston 58. When the substance 64 is sufficiently
cooled, another portion 66 of the reactive material 68 may
be ignited to again cause thermal expansion of the substance
30 64. For this purpose, multiple portions 66 of the reactive
material 68 may be connected to, within, or otherwise

communicable with, the chamber 60.



20 di spl acenent of the piston 58, approximtely 750-1900 bar (-10-25, 000
psi) pressure differential may remain across the piston 58 at the end of
its di splhsioemansrr21 Mul tiple actuations of the well pCoalS2&6/06my7 be
acconpl i shed by allow ng the substance 64 to cool, thereby 25 relieving (or
at | east reducing) the thermal expansiqg af the substance 64 and, thus, the
pressure differential across the piston 58. Wen the substance 64 is
sufficiently cool ed, another portion 66 of the reactive material 68 may be

ignited to againh equse hignBbecxRANSEONAL bhLLBUSEaNge130:18p1aEar this
purpose, nultiple portion 6 of the reactive material 68 nmay be connected
to, wi thi dowowagtihepwhstimemirhei sabbtanceh 64t he themrimed 1§0expifded,
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ignition QEléé%ﬁv@ﬁynﬁhHiQh@inthQm? e6netolihegheaebhvermabehi ak 68. In
sone applications, it may be desirable to incorporate a | atching nechanism

or frictiBHlipdacePrtdong phepénthgi spratéenmaserripé FBston 58 when the
subst ance 64 cools. For exanple, in a formation fluid sanpler, a one-way
| at ch mechani sAPWEEME BEPEdERGLONS , maitnmaynbgr desiirabds &0sanpl ed formation

fluid as it . Leve . T e partion 66
shape canlbgbggﬁﬁ%ghrédqungngoﬁgﬁéﬁﬁ?ﬁg %gn%ggﬁﬁng&h gédgﬁgﬁigél ener gy
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gener at edlafgh2feahahliem exangd e uBefpadr tbomatatedn beegBueedbst &i but ed
(e.qg., elongated, shaped as _a |, rod, .etc.) to slow the rate of heat

h d on
gener at | oRSMBLSPhEORBRELBR EXHifotEonbadf Tetrieved to the SuFface]

The substance 64 and portion 66 shape can be configured
15 to control the manner in which chemical energy is released
from the substance. For example, a grain size of the
substance 64 can be increased or reduced, the composition
can be altered, etc., to control the amount of heat
generated and the rate at which the heat is generated. As
20 another example, the portion 66 can be more distributed
(e.g., elongated, shaped as a long rod, etc.) to slow the
rate of heat generation, or the portion can be compact
(e.g., shaped as a sphere or cube, etc.) to increase the

rate of heat generation.

25 Referring additionally now to FIGS. 6-8, another
configuration of the actuator 54 is representatively and
schematically illustrated. The configuration of FIGS. 6-8
is similar in many respects to the configuration of FIGS. 3-
5. However, a significant difference in the configuration

30 of FIGS. 6-8 is that the biasing device 78 utilizes
hydrostatic pressure in the well to compress or pressurize

the substance 64.



(e.g., shaped as a sphere or cube, etc.) to increase the rate of heat
generation. 25Referring additionally now to FIGS. 6-8, another

confi gur avpan11ai8712he actuator 54 is representativel y an#Caiseomoswat |y
illustrated. The configuration of FIGS. 6-8 is simlar in nany respects to
the configuration of FIGS. 3- 5. Howeves, _a significant difference in the
configuration 30 of FIGS. 6-8 is that the biasing device 78 utilizes
hydrostatic pressure in the well to conpress or pressurize the substance

64. WO 2011/0%%7%%§2Z%g§§9é0696%9é§ '61§ the subE@ahB@ %ﬁaEB r@ge IGS

6-8, the substance rises a gas, such as nitrogen. Howeve
t her mal | yaegpandabké sabsa&moggnnaywaeuged pmhemetbemma@&yat|on of FIGS

f d h d f
Soﬁdlllone§géﬁg9b?8 Bel %EaESﬁaeﬁsgc %?ngﬁg4mglPe EPe%gga%g§§Pﬁgrsﬁggtance

64 is pregsgsi.zedsi,nifhdeshaster 60. For exanple, if nitrogen gas is used
for the substance 64, the gas can conveniently be pressurized to

approxg mately i@ 2@G.bar, ¢hd, @BQupsby 34 tibedspitaed usi Bgscefuestiona
equi pnent . I n FIG. 7, the actuator 54 i.s depicted_in a downhol e
condutuonCOPdéthQﬁtBFlPﬁet8cPﬁéP8rCH&¥eB€inBGHv§P€dWPﬁ#o the well.

Hydr ost at bgcpE@aBUKE BBt BLBsthaceh8ubes BRecksardzda RAr kh82caRfbedependi ng
on the particular pressures, the piston areas exposed to the pressures,

etc., theogfi stBﬁr58XéFﬂ§éleacé§ ophapgerepasi w6 ugert $OF| thegsy ﬁfcageeati on.
Thi's. furtigr %ﬂ%g@%%séantB8n§§9§bﬁ@§§5e eEQErEQ gb%E Q%grbkl b@%&gad of

ni trogen gas, substance conpr ter anot st an
whi chl@wouk@0obher (iS¢ 00Adesdg) atphasescldnge asldgwnbnwentempeﬂatures, this
conpressign of the substance by the hydrostatic pressure in the chanber 80
can preveﬁﬁ UtREe Bﬁase change occurring prematurely or otherw se
undesirably. In FIG. 7, the actuator 54 is depicted in a downhole
condition, i.e., after the actuator has been conveyed into
the well. Hydrostatic pressure enters the chamber 80 via a
15 port 82 and, depending on the particular pressures, the
piston areas exposed to the pressures, etc., the piston 58
displaces upward relative to its FIG. 6 configuration. This
further compresses the substance 64 in the chamber 60. 1If,
instead of nitrogen gas, the substance 64 comprises water or
20 another substance which would otherwise undergo a phase
change at downhole temperatures, this compression of the
substance by the hydrostatic pressure in the chamber 80 can
prevent the phase change occurring prematurely or otherwise

undesirably.

25 Hydrostatic pressure in the chamber 80 is only one type
of biasing device which may be used to compress the
substance 64 in the chamber 60. The substance 64 could
also, or alternatively, be mechanically compressed (e.g.,
using a coiled or wave spring to bias the piston 58 upward)

30 or otherwise compressed (e.g., using a compressed fluid
spring in the chamber 80) in keeping with the principles of

this disclosure. If a biasing device such as a spring is



25Hydrostatic pressure in the chanber 80 is only one type of biasing device
whi ch may be used to conpress the substance 64 in the chanber 60. The

subst ancewb4otgshi®1al so, or alternatively, be mechani calPCy/userprensed
(e.g., using a coiled or wave spring to bias the piston 58 upward) 30 or

ot herwi se conpressed (e.g., using a conpressed fluid spring in the chanber
80) in keeping with the principles of this disclosure. If a biasing device
such as a spring is WD 2011/087721PCT/ US2010/ 061047 - 16 - used, the
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wel | . Ah initial actuation or arm ng | t ool cur
when t he phst verl38tdiodpliatestbpwaedliromthe FIG 6 5 conflguratlon to the
FIG 7 configuration. Alternatively, the well tool 56 may only actuate when
t he pi ston 58 dhsphateéesldemmwatdon or arhingl Gf 8hethelpi$bom 58 hay

di spl aced downward fromthe 7 .confiquration e to
Choni cat GREFGy HhEmr FBR RS tPBazp JSRIPEFFaF FRETATREO MO hER S Theabs ¢ ne
subst egicecohfagdradisas tot the FMgrnalb»nexgamdtlbherehytem@aeasemg pressure

in the chanber 60 and_biasing the piston 58 downward. As with the
conf i gur atfénvW6f lFFe8l 36s5ma PPF%I€°f§a§€tW&?Poﬁ?eoPlﬁﬁenméﬁl tool 56 may

be acconplighedcwit Rotii@aganfiguration of FIGS. 6-8 by allow ng the
substance 64 to cool, thereby relieving (or at |east reducing) the thernal

expansi on of thg %E@St@nC%h@4p1I@%nh$@rﬁﬁgahh%p@5@§auﬁgthaEBef%Bﬁ”ber 80
can then bias the piston 58 to displace 20 upward (e.g., to or near its

FIG 7 po$hei BA%. VhéﬁnﬁhgugabSPamcdu64tpsr@&ﬁﬁ6@|@ﬁtpyemggaédenaﬁgwher
portipn 66.of ths Egﬁ%&&%@ E%E&QHGE% Foﬁhﬁgl ﬁgkgg h%%t@g%hg cause

t her ma expansi on o e su tance
substance 64 and causes it to thermally expand thereby

increasing pressure in the chamber 60 and biasing the piston

58 downward.

As with the configuration of FIGS. 3-5, multiple

15 actuations of the well tool 56 may be accomplished with the
configuration of FIGS. 6-8 by allowing the substance 64 to
cool, thereby relieving (or at least reducing) the thermal
expansion of the substance 64. The hydrostatic pressure in
the chamber 80 can then bias the piston 58 to displace

20 upward (e.g., to or near its FIG. 7 position). When the
substance 64 is sufficiently cooled, another portion 66 of
the reactive material 68 may be ignited to again cause
thermal expansion of the substance 64. For this purpose,
multiple portions 66 of the reactive material 68 may be

25 connected to, within, or otherwise communicable with, the

chamber 60.

Referring additionally now to FIGS. 9 and 10, another
configuration of the actuator 54 is representatively and
schematically illustrated. The configuration of FIGS. 9 and

30 10 is similar in many respects to the configurations of
FIGS. 3-8. However, one significant difference is that, in

the configuration of FIGS. 9 and 10, thermal expansion of



multiple portions 66 of the reactive material 68 may be 25 connected to,
within, or otherwi se communi cable with, the chanber 60. Referring

addi ti onawbyonas’2e FI GS. 9 and 10, another confi gurati @eaTafS2alee®wet uat or
54 is representatively and schematically illustrated. The configuration of
FIGS. 9 and 30 10 is simlar in many_regpects to the configurations of
FIGS. 3-8. However, one significant difference is that, in the
configuration of FIGS. 9 and 10, thermal expansion of WD
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sanpl e of fTormation 84 in the cha g., to maintain the
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it is ret Frovaarfs hEtes e)lt 15" PEELIEVRS) S, SOF §Br RCPhi §Ex&Mpl e

conprlsestaekebyaprenehkuadphaaplehanbetheomypecwekhn@nmnnthe t hose skllled
in the art in the exanple of FIG%. 9 Ed 10, the formation fluid
sanplé584fP§m@§&8Pv5&uFﬁtastﬁ§ cRakBEriggedotei Lhy §H§§8§§ 86 and a val ve
88, with the valve being closed after the formation fluid sangle i.S
received into tHE Uﬁé%bgP°1Né§elPh&Plﬁhéxéﬁpéé §8MPL 18RSt Rek OLPRELON wel |

tool whichigan Bempibyabediuai RYpkhGelil RebRhetcOkhbBeS sftistkbasyhetnhddI n
FIG 9, the actuator 54 is deplcFed as the formation fluid sanple 84 is

bei ng recarted HAWEVENRe éRaivber esempiRe ofaF¥ES889 angpdf, &RE the formation
fluid sample gélBBOWEu!Hash 1§8§§aﬁg %chéqega i¥eol RHhQ Eﬂgmggﬁngﬁr 80,

t her eby dlsp acing the pisto upwar conpressing t subst ance 64
i n thed chanbern 6@ssBgef 86abhy, aavadier BAg Wethcehenualybohaﬁngscmssddto

limt a digpla eed of _.the pis hat .the, sanple 84 received
n'the chARBER B0CT ERETRE PapfdLarl RAMGLooR S TE°5LAPE WRER FRBei ved from
t he formathamber. Note that the valve 88 is another type of well

tool which can be actuated using the principles of this

disclosure.

15 In FIG. 9, the actuator 54 is depicted as the formation
fluid sample 84 is being received into the chamber 80. The
valve 88 is open, and the formation fluid sample 84 flows
via the passage 86 and valve into the chamber 80, thereby
displacing the piston 58 upward and compressing the

20 substance 64 in the chamber 60. Preferably, a metering
device (not shown) is used to limit a displacement speed of
the piston 58, so that the sample 84 received in the chamber
80 remains representative of its state when received from

the formation.

25 The substance 64 may or may not be pressurized prior to
the formation fluid sample 84 being received into the
chamber 80. For example, if the substance 64 comprises a
gas (such as nitrogen gas), the substance could conveniently
be pressurized to approximately 200 bar (~3,000 psi) at the

30 surface using conventional equipment, prior to conveying the

actuator 54 and well tool 56 into the well.



25The substance 64 may or may not be pressurized prior to the formation
fluid sanple 84 being received into the chanber 80. For exanple, if the
subst ancewb4otiaspriises a gas (such as nitrogen gas), thecsaisstianew4toul d
conveniently be pressurized to approxinmately 200 bar (-3,000 psi) at the 30
surface using conventional equipnent .- pggiar to conveying the actuator 54
and well tool 56 into the well. WD 2011/087721PCT/ US2010/ 061047 - 18 -

In FIG 10, the formation fluid sanple 84 has been received into the

chanber 80, anqﬁtpggvahue 88ehash %”gﬁ'@%ﬁﬁd %Bﬁgﬁ%?b4eﬂﬁﬁg%egﬁs then been
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68 could be provid In the exanple of FIGS. 9 & 10 so t as the wel |

tool is retriey dsEEBEkEBﬁ “@hbre gﬂgt%BB@kaBBEt%ﬁnﬁgﬁﬁdzggbﬁeahﬁaCt'Ve

mat eri al could e actlvate as nee to maintain a desired pressure on the
sanpkﬂ)84unAepieabmyersdnserp@assusbowpplaedldobehessdmpdenﬁﬂlasrtpeessure
predet erm ned | evel

on the sangb; g o nq wh Qlth% res%gre ge reaseg %a nP g
as the sulf €64 EoSF SXCddCt F8RaP 259567 t Port o665 % RECPERLPM e
mat eri al @8otoghdwhe aaylb@teded to maintain pressure in the chamber
80 as the well tool is conveyed out of the well.
Alternatively, or in addition, a check valve (not shown) and
15 a compressible fluid can be used to maintain pressure on the

sample 84 when the substance 64 cools.

Multiple portions 66 of the reactive material 68 could
be provided in the example of FIGS. 9 & 10 so that, as the
well tool is retrieved from the well, additional portions of

20 the reactive material could be activated as needed to
maintain a desired pressure on the sample 84. A pressure
sensor (not shown) could be used to monitor pressure on the
sample 84 and, when the pressure decreases to a
predetermined level as the substance 64 cools, an additional

25 portion 66 of the reactive material 68 could be activated.

In this embodiment, the reactive material 68 preferably
functions primarily as a gas generator, rather than as a
heat generator. 1In that case, the substance 64 may not be
used, since pressure in the chamber 60 can be generated by

30 production of gas from the reactive material. The substance
64 is also not required in any of the other embodiments

described above, if the reactive material 68 can generate



In this enbodinent, the reactive material 68 preferably functions primarily
as a gas generator, rather than as a heat generator. In that case, the
subst ancew64omg7120t be used, since pressure in the chambensé@omarwibe
generated by 30 production of gas fromthe reactive material. The substance
64 is also not required in any of the qpher enbodi nents descri bed above, if
the reactive material 68 can generate WD 2011/087721PCT/ US2010/ 061047 - 19
- sufficient pressure due to gas production when the reactive material is

aCt'VatedguE@%EQEHto rgggu?éaggbeﬁgdﬁégrEQ@QU@BQ&% %ﬂeﬂhk at thEkag'

portions reactive materi al e used, 5 note e portions
can be i sobh&ewdaflr am eathvethdr (for exanple, to prevent activation of one
portion from causing activation or preventing activation of another
portion). A phénobbchnaﬁethaleksmpmeseﬂaspkébeﬂ abswiet abl ghimheri al whi ch

| d te.th ti 66 .f 10 h oth
POt her g1 R R oBBhEAENS BB bR BB VO MR B Ao abE, el B8 SE8Eri bed

above zouhdtbetaatapsel @bedlbh@r caxappl ésollatpre¥edn eaphasithati @loer
oxi dation of the reactive material by the morkln% fluid). 151t % now be
fully apppgemgggd tRaPreMenLpagE1vation of one portion from causihg

activation or preventing activation of another portion). A
phenolic material is one example of a suitable material
which could serve to isolate the multiple portions 66 from

10 each other.

Furthermore, each of the portions 66 of reactive
material 68 described above could be encapsulated (for
example, to prevent contamination or oxidation of the

reactive material by the working fluid).

15 It may now be fully appreciated that the above
disclosure provides several advancements to the art of
actuating downhole well tools. In examples described above,
well tools are actuated in a convenient, effective and
efficient manner, without necessarily requiring use of

20 explosives or highly pressurized containers at the surface.
In some of the examples described above, the actuators can
be remotely controlled via telemetry, and the actuators can

be operated multiple times downhole.

The above disclosure provides a method of actuating a
25 well tool 56 in a well. The method can include: a)
releasing chemical energy from at least one portion 66 of a
reactive material 68; b) thermally expanding a substance 64
in response to the released chemical energy; and c) applying
pressure to a piston 58 as a result of thermally expanding

30 the substance 64, thereby actuating the well tool 56.



di scl osure provi des several advancenments to the art of actuating downhol e
well tools. In exanples described above, well tools are actuated in a
conveni erwQ 2efffsc2ive and efficient manner, w thout nec@sTAIS2019/065®gUi ri ng
use of 20 expl osives or highly pressurized containers at the surface. In
sone of the exanples described above.- bhge_actuators can be renotely
controlled via telenetry, and the actuators can be operated nultiple tines
downhol e. The above di scl osure provides a nmethod of actuating a 25 well
tool 56 in a wehb mlBREELARIG8R AEHUAE' cAL LELGRSAEGLERCELEALEner Oy
fromat |east one portion 66 of a reactive materi al 68 b) thermally
expandi ngs&epsbswandpledtimesevpohsethe whelr ébedséd @Beppsatlenedgy and
c) applylgﬁ Rkeisure to a piston 58 as a result of thermally expandi ng 30
t he subst ance t hereby actuating the well tool 56. WO

2011/ 087721PCT[ US201 1047 - t had can al s |nclude t he
above |1 sted sNSoMEEPegs S LPERETE: ARLoWAPRe ThRo SHBFEPES: o6 s

pOSitiﬁnedonWbb@W@en each succéBeifet Bed e@nsitapkude al |l owi ng the

substance 64 to 5 cool between each successive set of steps. The
met hod can i nclrudeme@dud BEnPLasI UHS @@ﬂhb@ﬂgtprbbgu@bshppligdaﬁoathésU|t
of allow ng the substance 64 _to cool. he net hod can i ncl ude

di spl aci n§1EkEpPSt 8 98r§§uétr€§u9918wléglGRPnéuPﬁ§a§GSs§én§€ 62°to cool .
10The met hod can i ncl ude dlspIaC|ng the piston 58 in gne direction as a
result of appl JPRgMgiteeduFrant dnchudgi disrlagingnghei pppierngst B8 Bi st on 58

| n an oppaskhecdbEeathaniag Bnbesubbahcrl bankBICHRE substance 64 to cool

after thermal [y expanding the substance.” 15The nethod can i ncl ude _
CO”prffs'”g thggéuﬁékﬁBﬁecQﬂ ﬁHSlhBehﬁﬁggihéEhﬁ RRESBYEE MM 16OBKEYI Ng
t he | t ool into wel [,
direction as a result of applying pressure to the piston 58;
and displacing the piston 58 in an opposite direction as a
result of allowing the substance 64 to cool after thermally

expanding the substance.

15 The method can include compressing the substance 64 due
to hydrostatic pressure while conveying the well tool 56

into the well.

The method can include compressing a formation fluid

sample 84 as a result of applying pressure to the piston 58.

20 The thermally expanding step can include changing a

phase of the substance 64.

The step of releasing chemical energy can include

oxidizing an aluminum component of the reactive material 68.

Also provided by the above disclosure is a method of
25 actuating a well tool 56 multiple times in a well. The
method can include, for each of multiple actuations of the

well tool 56, performing the following set of steps:

a) releasing chemical energy from at least one

portion 66 of a reactive material 68;



The net hod can include conpressing a formation fluid sanple 84 as a result
of applying pressure to the piston 58. 20The thermally expandi ng step can

i ncl ude cweargimg7riphase of the substance 64. The step @CTrUISR@a®s10g7

chem cal energy can include oxidizing an al um num conponent of the reactive
material 68. Also provided by the abaveidisclosure is a nmethod of 25
actuating a well tool 56 multiple tinmes in a well. The nmethod can incl ude,
for each of multiple actuations of the well tool 56, perform ng the

portion 86 of & roachi vECRREatTal BATC 0B S0Tir DRI ISTPEY (R0 TarDRTOAT -

- b) thermally expandi ngte sbestradeeséd cheméspdnsvetrgythendel eased
chem cal energy; and c) applying pressure to a piston 58 as a result
of thermally expandcngapbéysogsparseut4, tbher phgtbactBabisng treeuntl bft ool

56. The above disclosure.al so_des r|be t 0o tu 4 whi ch
can include a substance 64° Egﬁgiyngépﬁﬁ énghiHﬁeFugﬁta8ﬁ8 33 n%%g 8 ¥ti ons
66 of m reactive materi abhc68atiam whecliethetoeal senergy is rel eased, and a
pi ston 58 10 to which pressure is applied due to thernmal expansion of t he

subst ance 64 i rheeapeneedigclekaaseadbochesteabesnar grlfir @dolihe reactive
materi al ggfuator 54 which can include a substance 64 contained in a
chamber 60, one or more portions 66 of a reactive material
68 from which chemical energy is released, and a piston 58
10 to which pressure is applied due to thermal expansion of the
substance 64 in response to release of chemical energy from

the reactive material 68.

Hydrostatic pressure in a well may compress the

substance 64 in the chamber 60.

15 The piston 58 may displace in response to the applied

pressure.

Chemical energy may be released from multiple portions

66 individually.

Chemical energy released from the reactive material 68

20 in a first one of the portions 66 may cause thermal
expansion of the substance 64 in the chamber 60, and
chemical energy released from the reactive material 68 in a
second one of the portions 66 may cause thermal expansion of
the substance 64 in another chamber 62. The piston 58 may

25 displace in one direction in response to thermal expansion
of the substance 64 in the first chamber 60, and the piston
58 may displace in an opposite direction in response to
thermal expansion of the substance 64 in the second chamber
62.

30 The actuator 54 may include a passage 70 which

equalizes pressure across the piston 58.



Hydrostatic pressure in a well may conpress the substance 64 in the chanber
60. 15The piston 58 may di splace in response to the applied pressure.

Chem cal woengysmey be rel eased frommultiple portions @®6Tiusdemvioceat | y.
Chem cal energy released fromthe reactive material 68 20 in a first one of
the portions 66 may cause thermal expansian of the substance 64 in the
chanber 60, and chem cal energy released fromthe reactive material 68 in a
second one of the portions 66 may cause thermal expansion of the substance

64 in another gha %s@%ne_@h%4p¥n§§zoeoﬁ§6ﬁ§)§ S hiB',aEEghPldOQﬁd%Eﬁ%tiO” in

response to thermal expansion o he substance 64 in t I rst chamber 60,
and the pgssen 58 may di splace in an opposite direction in response to

t hermal expansi on of the substance 64 in the second chanber 62. 30The

act uat or 54 maffhenckadéizzepassageallo®hmaly egmpkizes apumssumeaadr ass t he
pi ston 58 MQ 2011/ Q87721PCT/.US2010/ 061047 - 22 - The substance 64 may
conpri se &eQSIiSPeIP uird°3nbrs eaaB s COPPEr O¥ECreactive material 68 may

comprise al um pum and at J ast ong 9f r g 9xkde and gRRaet, o de

actuating a well tool 56 multiple times in a well, the
method comprising: for each of multiple actuations of the
well tool 56 while the well tool 56 remains positioned in
the well, performing the following set of steps: a)

10 generating gas from at least one portion 66 of a reactive
material 68; and b) applying pressure to a piston 58 as a
result of generating gas from the portion 66 of the reactive

material 68, thereby actuating the well tool 56.

The method may include allowing the gas to cool between
15 each successive set of steps. The pressure applied to the
piston may be reduced as a result of allowing the gas to
cool. The piston may displace as a result of allowing the

gas to cool.

The piston may displace in one direction as a result of
20 each step of applying pressure to the piston, and the piston
may displace in an opposite direction as a result of

allowing the gas to cool.

Also described in the above disclosure is a well tool
actuator 54 which includes multiple portions 66 of a
25 reactive material 68 which generates gas, and a piston 58 to
which pressure is applied due to generation of gas by the

reactive material 68.

The piston 58 may displace in response to the applied
pressure. The gas may be generated from the multiple

30 portions 66 individually and/or sequentially.



5The above disclosure also provides a nethod of actuating a well tool 56

multiple times in a well, the nethod conprising: for each of nmultiple
act uat i orsoabitrdse7znel | tool 56 while the well tool 56 recmiussopmsios? oned in
the well, performng the follow ng set of steps: a) 10 generating gas from

at | east one portion 66 of a reactive paterial 68, and b) applying pressure
to a piston 58 as a result of generating gas fromthe portion 66 of the
reactive material 68, thereby actuating the well tool 56. The nethod may

i ncl ude al | owi Ryt ggs@aﬁ g 919 d@gkgﬁea ) ﬁ%hgi%{é%iéhv‘i S%F%Pﬁteeps-

The pressure appli to t e p| be re uced as a resu oW ng

t he gas t@ocgeheraheOplQﬁogaﬁaﬁrdmspléaesasoaereiutheopoaKHQWﬁnQGthé gas to
cool . The 8|s%on étd Ega%% [ nﬁn% dlrec ion_as a.re uc% of 20 each step
of applylng pressur to the plseo ndPrRe plsegn nﬁ? 8|spﬁac3 in an
opposite dppeshtendaseat&eauhh @bspbh@Wlmg ybaegas iba Oﬁobas from Al so
descri bed in tge abov sclosure I S % m& t ool, actuat or. §h|ch I ncl udes
mul ti ot e PEFPPEnSNE6C f eZBOFEéQP?vé nRterParté¥eWRPLRTd8hefires gas, and
a piston 58 to which_pressure is applied due . to_generation of gas by the
reactive materiraf ggll tool gggugt ngﬁ458aﬁaﬁnﬁﬂgﬁﬁa€ePPﬁSP§§ngse to the

appl i ed pgassur equihez8as prBYshecdapebakedntr pAstbe BYl.tiple 30 portions 66
i ndi vidually and/'or sequentially. WD 2011/087721PCT/US2010/ 061047 - 23 -

The piston 58 E%ylg'%B'%%euhHeQB%oéar%ﬁhkoﬂhb”vé%iBQBS%xhﬂp@%@erat'0” of
gas froma first one of the portions 6
described above may be utlllzed 1n various orientations,

10 such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of the present disclosure. The embodiments
illustrated in the drawings are depicted and described
merely as examples of useful applications of the principles

15 of the disclosure, which are not limited to any specific

details of these embodiments.

In the above description of the representative examples
of the disclosure, directional terms, such as “above,”
“below,” *"“upper,” *“lower,” *“upward,” “downward,” etc., are

20 used for convenience in referring to the accompanying
drawings. The above-described upward and downward
displacements of the piston 58 are merely for illustrative
purposes, and the piston 58 may displace in any direction(s)

in keeping with the principles of this disclosure.

25 Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments, readily appreciate that many
modifications, additions, substitutions, deletions, and
other changes may be made to these specific embodiments, and

30 such changes are within the scope of the principles of the
present disclosure. Accordingly, the foregoing detailed

description is to be clearly understood as being given by



reactive material 68, and the piston may displace in an opposite direction
in response to generation of gas froma 5 second one of the portions 66 of
reacti ve wateriei7268. The well tool actuator 54 ca&oTiusedmelroa’ passage
70 which equalizes pressure across the piston 58. It is to be understood
that the various exanpl es descri bed abgye_nmay be utilized in various
orientations, 10 such as inclined, inverted, horizontal, vertical, etc.,
and in various configurations, wthout departing fromthe principles of the
present dis¢l Qsure: di,ngn i S edi awi-Rg

depi cted g%g ngégﬁggggﬁgggﬁyhgg %%S#%FESB%?&GSEP§|EE%E??c??Po%EBEE t he
princi pl esflshef prheetits¢hysnteonnwbedhgadéemited spiledyd by abg specific
details of tg%%ede thgen%?.th ir Iﬂithﬁeagove description of the
representgppve 8xaﬁpﬁes of "the GiScPdsuré; ®di-Péctional terns, such as
"above," "below," "upper," "lower," "upward,"” "downward," etc., are 20 used
for convenience in referring to the acconpanying draw ngs. The
above-descri bed upward and downward di spl acenents of the piston 58 are
merely for illustrative purposes, and the piston 58 may displace in any
direction(s) in keeping with the principles of this disclosure. 250

course, a person skilled in the art would, upon a careful consideration of
t he above description of representative enbodi ments, readily appreciate

t hat many nodifications, additions, substitutions, deletions, and other
changes may be nmade to these specific enbodi ments, and 30 such changes are
within the scope of the principles of the present disclosure. Accordingly,
the foregoing detailed description is to be clearly understood as bei ng
given by - 24 -



way of illustration and exanple only, the spirit and scope of the present
invention being limted solely by the appended clains and their
equi val erw®.2011/08221- WHAT |S CLAIMED | S: 1. A net hod of &crastémgerwsinel |

tool in a well, the nethod conprising: 5a) releasing chemcal energy from
at | east one portion of a reactive natesial; b) thermally expanding a
substance in response to the rel eased chem cal energy; and c)

applying pressure to a piston as a result of 10 thermally expandi ng the
substance, theyghy 3t bahirfgpt B8 .wel | tool. 2. The method of claim i,

further conpri sing: repeating steps a) - ¢) multiple times while
the well 15 tool is positioned downhole. 3. The nethod of claim2, further
conpri si ng: al l owi ng the substance to cool between each repeated set

of steps a) - ). 2Q 4.THS4"BENL:AhcThE T de1hUEbAST 1GOIPLLTI NI he

method comprising:

5 a) releasing chemical energy from at least one portion

of a reactive material;

b) thermally expanding a substance in response to the

released chemical energy; and

c) applying pressure to a piston as a result of

10 thermally expanding the substance, thereby actuating the

well tool.
2. The method of claim 1, further comprising:
repeating steps a) - ¢) multiple times while the well

15 tool is positioned downhole.

3. The method of claim 2, further comprising:

allowing the substance to cool between each repeated

set of steps a) - ¢).
20
4. The method of claim 1, further comprising:
reducing pressure applied to the piston as a result of
allowing the substance to cool.
25 5. The method of claim 3, further comprising:

displacing the piston as a result of allowing the

substance to cool.



reduci ng pressure applied to the piston as a result of allow ng the
substance to cool. 255.The nethod of claim3, further conprising:

di spl aci /yotzhe/g872tion as a result of allow ng the subst aotast@onvemt? WO
2011/ 087721PCT/ US2010/ 061047 - 26 - 6. The nethod of claim1l1, further

conprisin

g:

di splacing the pistongin a first direction as a result of

the step of applying pressure to the piston; and di spl aci ng the
pi ston in a second direction opposite to 5 the first direction as a result

of allow ng thg subgian

subst ance.

7.

cgel rth 0 y expandi ng the
The nethogggbgglg?mc%gEL u}thgy§gggﬁrpgﬁﬁ? gﬁhb' P g

R i R i s i

the well

t ool

I'n fur

conpri si ngf tbepséspi ng tbeplyibst ameesuirehta spei pgstdh9. dhd nethod of
further conpri sing: restricting displacenent of the piston
wth a Iatchingidp&bcéngrtheipﬁbmonpindaCBECond directiOn dpeosttbkodoof

et her ccomprlsing;, 20oampressing 2 foriation, L uid pample 2o 2

cool after the step of thermally expanding the substance.

claim1,

cl ai m

resul t of
10
15
20

25

7. The method of claim 1, further comprising:

compressing the substance due to hydrostatic pressure

while conveying the well tool into the well.

8. The method of claim 1, further comprising:

compressing the substance with a spring.

9. The method of claim 1, further comprising:

restricting displacement of the piston with a latching

device or friction producer.

10. The method of claim 1, further comprising:

compressing a formation fluid sample as a result of

applying pressure to the piston.

11. The method of claim 1, wherein the thermally

expanding further comprises changing a phase of the

substance.



11. The method of claim1l, wherein the thermally expanding further

conpri ses changi ng a phase of the 25 substance. WD

2011/ 087 ARORQTI/0882010/ 061047 - 27 - 12. The met ho#Cofusedaiomol;
wherein rel easing chem cal energy further conprises oxidizing an al um num
conponent of the reactive material. 5137 A nethod of actuating a well tool
multiple times in a well, the nethod conpri sing: for each of multiple
actuations of the well tool while the well tool remains positioned in the

wel |, performpg t h%@%@m’;;ego%ee19&mst1ep§vhelgr%}l EEE%%%E Ag chemicah energy
fromat |east one portion of a reactive material; b) thermally expanding a
subst anceenrrggsfomsberocphpriekeasgdddikréngcahn edumgpumapdmponentcpf
appl yi ng REessure . to am§iston as a result of 15thernmally expanding the

u

subst ance, Fh5?38§lggt Fﬁﬁéa}ﬁe well tool. 14. The nethod of claim 13,

further conprising: all owi ng the substance to cool between each
successive 20 set of steps a) - ¢).
5 13. A method of actuating a well tool multiple times

in a well, the method comprising:

for each of multiple actuations of the well tool while
the well tool remains positioned in the well, performing the

following set of steps:

10 a) releasing chemical energy from at least one

portion of a reactive material;

b) thermally expanding a substance in response to

the released chemical energy; and

c) applying pressure to a piston as a result of
15 thermally expanding the substance, thereby

actuating the well tool.

14. The method of claim 13, further comprising:

allowing the substance to cool between each successive

20 set of steps a) - ¢).

15. The method of claim 13, further comprising:

reducing the pressure applied to the piston as a result

of allowing the substance to cool.
25
16. The method of claim 13, further comprising:

displacing the piston as a result of allowing the

substance to cool.



15. The method of claim 13, further conprising: reduci ng the pressure
applied to the piston as a result of allow ng the substance to cool. 25 16.

The net howloahiiaisaizmn 13, further conpri sing: di spl acirnug2atoeePist on as
a result of allowing the substance to cool. WO

2011/ 087721PCT/ US2010/ 061047 - 28 - _ 2g -17. The nethod of claim 13,
further conprising: di splacing the piston in a first direction as a

result of each step of applying pressure to the piston; and 5di spl aci ng t he
piston in a second direction opposite to the first direction as a result of
al l owi ng the substance to cool after each step of thermally expanding the

substance. 18. (¥he HRENAS.AbackE Bulin A4t BELGRIPELSLAGS AGeonpr essi ng

t he substance due to rostatic pressur e convey t wel | tool

into the “ell-d}gplggﬁngekﬂgdpﬁgtghahﬁl£3figg%tgﬁEe8%ﬁBBi§Eng:result

of each step of applying pressure to the piston; and

5 displacing the piston in a second direction opposite to
the first direction as a result of allowing the substance to

cool after each step of thermally expanding the substance.

18. The method of claim 13, further comprising:

10 compressing the substance due to hydrostatic pressure

while conveying the well tool into the well.

19. The method of claim 13, further comprising:

compressing the substance prior to conveying the well

15 tool into the well.

20. The method of claim 13, wherein the thermally
expanding step further comprises changing a phase of the

substance.

20
21. The method of claim 13, wherein releasing chemical
energy further comprises oxidizing an aluminum component of
the reactive material.
25 22. A well tool actuator, comprising:

a substance contained in a first chamber;

one or more portions of a reactive material from which

chemical energy is released; and



conpressing the substance prior to conveying the well 15 tool into the

wel | . 20. The nethod of claim 13, wherein the thermally expandi ng
step furtwenooasprises changi ng a phase of the substanceCTa32010/0610421. The
met hod of claim 13, wherein rel easing chem cal energy further conprises
oxi di zing an al um num conponent of thejmeactive material. 2522. A well tool
actuator, conprising: a substance contained in a first chanber; WO

2011/ 087721PCT/ US2010/ 061047 - 29 - a piston to which pressure is

applied due to tpﬁ%%@h %ép%ﬂibB”BQEsEB%e QshggﬁﬁehndhésEB”%ﬁe&ﬂa&e'ease of

chem cal energy fromthe reactive nateria tool actuator of
claim 22, ew@enennnhpdr@QEaBubspaeggune rnsaomebltoompﬂesseSOEhe subst ance

inthe fir 8k cgaqb r m the r cIl e tetooll actuator of claim 22,
wherein tﬁe 1o pISFOﬁ 8Vsngces I'n ?3 oXse ot he appl i ed pressure.

25. The well tool actuator of cIa|n122 wherein chem cal energy is rel eased
frommltiple portions individually. 15 26. The well tool actuator of

claim?22, wherei,n ¢ nlca ener | eased the eactive.material in a
e oy ot R oo fe10a000Y phERER e ornnlroR 3P s HBCKGHS: ance i n tho

first chambaros@adiehpiresalrenehgy tvelleéasefpresses the substance in

the first chamber.

24. The well tool actuator of claim 22, wherein the

10 piston displaces in response to the applied pressure.

25. The well tool actuator of claim 22, wherein
chemical energy is released from multiple portions

individually.
15

26. The well tool actuator of claim 22, wherein
chemical energy released from the reactive material in a
first one of the portions causes thermal expansion of the
substance in the first chamber, and chemical energy released
20 from the reactive material in a second one of the portions
causes thermal expansion of the substance in a second

chamber.

27. The well tool actuator of claim 26, wherein the
25 piston displaces in a first direction in response to thermal
expansion of the substance in the first chamber, and the
piston displaces in a second direction opposite to the first
direction in response to thermal expansion of the substance

in the second chamber.

30



20 fromthe reactive material in a second one of the portions causes

t hermal expansion of the substance in a second chanber. 27. The
wel | toolwachuasorziof cl aim 26, wherein the 25 piston diPspluseas/osrda fir st
direction in response to thermal expansion of the substance in the first
chanber, and the piston displaces in_a3zgecond direction opposite to the
first direction in response to thernal expansion of the substance in the
second chanmber. WO 2011/087721PCT/ US2010/ 061047 - 30 - 28. The well too
actuator of clapg n12§h fwg%@egog ”BE%E%@%r @aggggﬁ P@lc@uggﬂwklzes pressure
across the piston. 8 tool actuator o aim 22 erein the
substancecomppnsseg a pasepgal whékbcegdaflicmst bregsoup ertbedi thesol i ds,

| i qui ds and _gases. 30. The well tool actuator of claim22, wherein
the 10 re&ctive material conprises alum num and at | east one of iron oxide
and copper oxi de. 31. A nethod of actuating a well tool multiple
times in a well, the nethod conprising: 15for each of nultiple actuations

of the well to e t ool mai n si.ti qned n t he
oo ha2bol BhE el el T 1. Agkub el BE BT R dg a s Al PPenst one
portion OEubstaa@bl&@m@&h%ébah,maﬂérZ@Q)sé@@b%bﬂQf@bQS%ﬂéegE@up pi ston as a

result of o
including solids, liquids and gases.

30. The well tool actuator of claim 22, wherein the
10 reactive material comprises aluminum and at least one of

iron oxide and copper oxide.

31. A method of actuating a well tool multiple times

in a well, the method comprising:

15 for each of multiple actuations of the well tool while
the well tool remains positioned in the well, performing the

following set of steps:

a) generating gas from at least one portion of a

reactive material; and

20 b) applying pressure to a piston as a result of
generating gas from the portion of the
reactive material, thereby actuating the well

tool.

25 32. The method of claim 31, further comprising:

allowing the gas to cool between each successive set of

steps.

33. The method of claim 32, further comprising:



generating gas fromthe portion of the reactive material, thereby actuating
the well tool. 2532. The nethod of claim 31, further conprising:

al | owi ng wheogas7120 cool between each successive set of PETAS3010/06¥047

2011/ 087721PCT/ US2010/ 061047 - 31 - reduci ng the pressure applied to
the piston as a result of allowing theszgas to cool. 34. The nmethod of claim
32, further conprising: 5displacing the piston as a result of allow ng the
gas to cool. 35. The nethod of claim 32, further conpri sing:

di spl aci ng therBlﬂﬁE% ' ‘Eh@ E%éfsu%r sg)bu%da%oathes lEtéﬂ 95 gachsahep of

applying pressure to the pi di splacing the piston in a
second dlpécaﬂénwopgo$h6egas thecbodst direction as a result of allow ng
the gas to cool. 36. A well tool actuator, conprising: 15multiple portions
of a reactive material which generates gas; and

34. The method of claim 32, further comprising:

5 displacing the piston as a result of allowing the gas

to cool.

35. The method of claim 32, further comprising:

displacing the piston in a first direction as a result

10 of each step of applying pressure to the piston; and

displacing the piston in a second direction opposite to

the first direction as a result of allowing the gas to cool.

36. A well tool actuator, comprising:

15 multiple portions of a reactive material which

generates gas; and

a piston to which pressure is applied due to generation

of gas by the reactive material.

20 37. The well tool actuator of claim 36, wherein the

piston displaces in response to the applied pressure.

38. The well tool actuator of claim 36, wherein gas is

generated from the multiple portions individually.
25

39. The well tool actuator of claim 36, wherein gas is

generated from the multiple portions sequentially.



a piston to which pressure is applied due to generation of gas by the
reactive material. 2037. The well tool actuator of claim36, wherein the

pi ston diwpl2atigs7i2n r esponse to the applied pressure. PCT/US3@0/0dt0e7 wel |
tool actuator of claim36, wherein gas is generated fromthe nultiple
portions individually. 25 WD 2011/087331BCT/ US2010/ 061047 - 32 - 40.
The well tool actuator of claim 36, wherein the piston displaces in a first
direction in response to generation of gas froma first one of the portions

of reactive maggrialycandifheoBhSHeRydi3p! 6%eél¥arima3%?_c%ﬂ@r§iﬂi kReti on
opposite to the first direction in response to genefation of gas froma
second oneistonhdippibicess iof ar dacsitvdimatrsioal in response4to The wel | tool

act uat or ofnckgknl%befurth Eo%oac %isin% afp%ﬁgager li%h %gualizes
pressure dCi'o58 TR pis?Sﬁ. 2I5K PR o sanpl P coﬁp?ising: a
chanber dethpedvbymatpiriban ahddichgl piengagddsphaaedsbinebl skeohd wherein

t he chanber, is configured to receive.a fluid; a.valve disposed in
connuﬁ?caSFSRCRFPH PREOSHARDEP Eﬁﬁ %&ﬁﬁ?gaﬂéﬁcF&ogeﬁécFP§ PYS&I EBw t he

fluid to beneeaeivadornyast keomhamBetonaneéndOasr eaet bvetiBher bl di sposed
in comunication with th
reactive material.

41. The well tool actuator of claim 36, further
10 comprising a passage which equalizes pressure across the

piston.

42. A fluid sampler comprising:

a chamber defined by a piston slidingly engaged in a
15 well tool, wherein the chamber is configured to receive a
fluid;

a valve disposed in communication with the chamber and
configured to selectively allow the fluid to be received

into the chamber; and

20 a reactive material disposed in communication with the
piston and configured to pressurize the chamber upon

activation.

43. The fluid sampler of claim 42 further comprising a
25 metering device configured to limit a displacement speed of

the piston.

44, The fluid sampler of claim 42 further comprising a

latching mechanism to maintain pressure on the chamber.

30



pi ston and configured to pressurize the chanber upon activation.

43. The fluid sanpler of claim42 further conprising a 25 netering device
confi gur edoto1ismi2t a di spl acenent speed of the piston. PCT/US20104610Fhe fl uid
sanpler of claim42 further conprising a | atching nechanismto maintain
pressure on the chanber. WD 2011/08Z733PCT/ US2010/ 061047 - 33 - 45,
The fluid sanpler of claim42 further conprising a plurality of reactive
mat erial portions disposed in communication with the piston and confi gured

to pressure thgschagier s4p9R %%h%!%EiBQ-cﬁaim 42 ?ﬁrtﬁgg %%Hh%i§§g§'§r of

claim45 further conprising a pressure sensor configure nit t he
pressure pfluredntyi ofi feacttive mhtechaibeprandnactigapeednenor nore
portions 8%mhﬂe.eg$ctkveit t%hialit% naintaig ge rgs%%rerlg OE t@%efluid
sanpl e. AT Tne " Mo saﬁpPeF off Spgiﬁ1ﬂ wherei melEh~8H tné

pl uralitycahbmbeacupve aBteéraslioporti ons are encapsul ated. 1548. A nethod
conpri si ng: positioning a fluid sanpler within a well, wherein the
fluidsanpler conprises: a chanber defined by a piston
slidingly engaged in a well tool; 20a val ve disposed in comunication with

the chamber andeconfrhgureditiosagbeeti vel ¥1alimowsf Eurdheeneunbeakiag et ween
an exterior of the fluid sanpler and the chanber; and

pressure sensor confiqured to monitor the pressure of

formation fluid in the chamber and activate one or more

portions of the reactive material to maintain the pressure

10 of the fluid sample.

47. The fluid sampler of claim 45 wherein each of the

plurality of reactive material portions are encapsulated.

15 48. A method comprising:

positioning a fluid sampler within a well, wherein the

fluid sampler comprises:

a chamber defined by a piston slidingly engaged in

a well tool;

20 a valve disposed in communication with the chamber
and configured to selectively allow fluid communication
between an exterior of the fluid sampler and the chamber;

and

a reactive material disposed in communication with
25 the piston and configured to pressurize the chamber upon

activation;
obtaining a sample of fluid in the chamber;

releasing chemical energy from the reactive material to

generate a pressure; and



a reactive material disposed in conmmunication with 25 the piston and
configured to pressurize the chanber upon activation; obtaining a sanple of
fluid inwbeoohsntzer; WO 2011/ 087721PCT/ US2010/ 061047 PC3AIS2010/061047
transmtting the pressure to the sanple through the piston. 49. The
met hod of claim48 further conprising khigniting 5 a displacenent speed of
the piston to naintain the sanple in a representative state as received.

50. The nethod of claim48 further conprising maintaining pressure on the

chamber using g[‘rgﬁgﬁﬂit@g;\rl\lﬁotﬁgcB@@E%%eatﬁh%ﬁg %Qh}égle ehrBALR: the 51.

The net hod of al m 48, erein the reactive mater conprises a plurality
of portiopsstbnreactive material, and wherein rel easi ng chem cal energy
fromthe 15 reactive nmaterial conprises selectively activating at |east one
of the portions of reactive material. 52. The nethod of claim48
wherein rel easing chem cal energy fromthe reactive material conprises
generating a ga9.20Theonethedr edctileémmdBefuaither compb3sihe 1wt hadgof

cl ai m 48 wher.ei n _rel easi ng chem_c ener fromthe reactive material
Compr | Sos oS 4P AR BBt AP R e o O ASREDBT EONBoLBAC LRy b s BRPLF 195
54. The nat hegrekealaitivé8seheeechs trheefigadli ve material conprises al um num
and at | east one substance selected fromthe group consisting of: iron
oxi de and copper oxide. WD 2011/087721PCT/US2010/ 061047
50. The method of claim 48 further comprising
maintaining pressure on the chamber using a latching

10 mechanism, a check valve, or both.

51. The method of claim 48, wherein the reactive
material comprises a plurality of portions of reactive
material, and wherein releasing chemical energy from the

15 reactive material comprises selectively activating at least

one of the portions of reactive material.

52. The method of claim 48 wherein releasing chemical
energy from the reactive material comprises generating a gas

20 from the reactive material.

53. The method of claim 48 wherein releasing chemical
energy from the reactive material comprises oxidizing an

aluminum component of the reactive material.
25

54. The method of claim 48 wherein the reactive
material comprises aluminum and at least one substance
selected from the group consisting of: iron oxide and copper

oxide.



- 35 - 55. A nethod conpri sing: positioning a fluid sanpler within a
well, wherein the fluid sanpler conprises: a chanber
defined byoaopvstm slidingly engaged in 5 a well tool; paTasbme/odiogposed in
conmuni cation with the chanber and configured to selectively allow fluid
comuni cati on between an exterior of _thg tluid sanpler and the chanber; and
10a plurality of portions of a reactive material disposed in conmunication
with the piston and configured to pressurize the chanmber upon activation;
obtaining a sagPLe Qfmkkﬂbg Egmbggsgggqber; rel easi ng chemnica
energy fromat |east one of the 15 portions of the reactive material to
generate a firgf, REﬁéﬁﬁhﬁia fluidt%%R@Eb&?h@@h'ﬁeafWFiﬁ p%ﬁ%%g&ﬁ kQet e
sanpl e t hrough the pi ston; refeasi ng chemcal efergy fromat | east
one additifdnad 2@mpdeti compfritke:reactive material to generate a second

pressure; and transmtting the second pressure to the sanple through
the piston. 2556. Thechetbed dbfdihadmbySawbésebn sélidaagiy ehgagedl ianer gy
from | east ne og.the portions of the reactive material conprises
generatinf yeéis PPor the reactive material. WO

2011/ 087721PCT/ US2010/ 061047 . . . . .
a valve disposed in communhication with the chamber

and configured to selectively allow fluid communication
between an exterior of the fluid sampler and the chamber;

and

10 a plurality of portions of a reactive material
disposed in communication with the piston and configured to

pressurize the chamber upon activation;
obtaining a sample of fluid in the chamber;

releasing chemical energy from at least one of the
15 portions of the reactive material to generate a first

pressure;

transmitting the first pressure to the sample through

the piston;

releasing chemical energy from at least one additional
20 portion of the reactive material to generate a second

pressure; and

transmitting the second pressure to the sample through

the piston.

25 56. The method of claim 55 wherein releasing chemical
energy from at least one of the portions of the reactive
material comprises generating a gas from the reactive

material.



- 36 - 57. The nethod of claim55 further conprising retrieving the
fluid sanpler fromthe well. 58. The nethod of claimb55 wherein the
pl ural it ywof20b/q80m2ti ons of the reactive material are iseCatusdomoermeach

ot her. 59. The nethod of claim55 at |east one of the plurality of
portions of the reactive material is_1@gencapsul at ed. 60. The net hod
of claimb55 wherein the reactive material conprises an expl osive, a

propel lant, a flamuable solid, or any conbination thereof.

61. The nethodsef, c&%rr}né%h%%@' eétdflﬁl Sgagh'&‘éﬁeg%%héhs% rises alum num

and at | east one substance sel ecte romthe group consisting of: iron
oXxi de andre@ppevlng|dbe fluid sampler from the well.

58. The method of claim 55 wherein the plurality of
5 portions of the reactive material are isolated from each

other.

59. The method of claim 55 at least one of the
plurality of portions of the reactive material is

10 encapsulated.

60. The method of claim 55 wherein the reactive
material comprises an explosive, a propellant, a flammable

solid, or any combination thereof.
15

61. The method of claim 55 wherein the reactive
material comprises aluminum and at least one substance
selected from the group consisting of: iron oxide and copper

oxide.

20



