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TECHNI CAL FI ELD 10Thi s di sclosure relates generally to equi pnent
utilized and operations performed in conjunction with a subterranean
wel | and, in an exanpl e described bel ow, nore particularly provides
well tools utilizing swellable materials which are activated on
demand. 15 BACKGROUND Swel | abl e materTal s have been used in the past
to performvarious functions in well tools. For exanple, a swellable
material may be used in a packer seal elenment to 20 provide a packer
assenbly which is self-actuating downhol e. When an appropriate fluid
contacts the swellable material, the material swells and seals off an

annulus in the well. However, if the fluid is already present
in the well, the swellable nmaterial can begin to swell as soon as it
is 25 installed in the well, which can | ead to various probl ens. For

exanple, the material could swell prematurely, which could prevent
t he packer assenbly from being appropriately positioned in the well.

5

WELL TOOLS UTILIZING SWELLABLE MATERIALS ACTIVATED
ON DEMAND

TECHNICAL FIELD

10 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 utilizing swellable materials which are

activated on demand.
15
BACKGROUND

Swellable materials have been used in the past to
perform various functions in well tools. For example, a
swellable material may be used in a packer seal element to
20 provide a packer assembly which is self-actuating downhole.
When an appropriate fluid contacts the swellable material,

the material swells and seals off an annulus in the well.

However, if the fluid is already present in the well,

the swellable material can begin to swell as soon as it is

25 installed in the well, which can lead to various problems.
For example, the material could swell prematurely, which

could prevent the packer assembly from being appropriately

positioned in the well.



- 2 - Techni ques have been proposed for del aying the swelling of
a swellable material but, in general, these techniques produce
sonewhat inaccurate delay tinmes and can only be conveniently
initiated at one tinme (e.g., when the swellable 5 material is
installed in the well). It has al so been proposed to initiate
swelling in response to application of pPressure to an annul us
surroundi ng the mell tool, but if the well tool is used in an open
hol e, or in per Eted or eakln casin
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swellable materials in subterranean wells. Such
improvements could be useful for initiating actuation of

15 packer assemblies, as well as other types of well tools.

SUMMARY

In the disclosure below, well tools and methods are
provided which solve at least one problem in the art. One
20 example is described below in which swelling of a swellable
( material is initiated on demand, e.gq., at a chosen time
after the material is conveyed into a well. Another example
is described below in which swelling of the swellable
material is initiated on demand by applying pressure to a

25 tubing string, or by transmitting a signal via telemetry.

In one aspect, a well tool described below includes a
generally tubular mandrel including a flow passage extending
longitudinally through the mandrel. A flow controller
initially prevents a fluid from contacting a swellable

30 material, but the flow controller permits the fluid to
contact the swellable material in response to manipulation

of pressure in the flow passage.



30 material, but the flow controller permts the fluid to contact the

swel lable material in response to manipul ation of pressure in the

fl ow passage. - 3 - I n anot her aspect, a well tool is provided

whi ch includes a swellable material, a generally tubular nandrel and

a conduit wapped circunferentially aboyt the mandrel. The conduit

contains a fluid which, upon contact wWith"the 5 swellable material,

causes the swell abl e naterial to swell. In yet another aspect,
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in the reservoir is made to contact the swellable material.

In a further aspect, a well tool provided by this

15 disclosure includes a swellable material and a flow
controller which initially prevents a fluid from contacting
the swellable material, but which permits the fluid to
contact the swellable material in response to receipt of a
signal transmitted via telemetry from a remote location.

20 The telemetry signal may be selected from a group including
acoustic, pressure pulse, tubular string manipulation and

electromagnetic signals.

These and other features, advantages and benefits will
become apparent to one of ordinary skill in the art upon
25 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.

30 BRIEF DESCRIPTION OF THE DRAWINGS



- 4 - FIG 1 is a partially cross-sectional schematic view of a
wel | system enbodyi ng principles of the present disclosure;
FIG 2 is an enlarged scale schematic el evational view 5 of a well
tool which may be used in the well systemof FIG 1; and Fl GS.
3-13 are enlarged scale schematic cross-sectional views of exanples
of fluid reservoirs and flow control I'ers Which may be utilized in the
well tool of FIG 2. 10 DETAI LED DESCRI PTI ON Representatively
illustrated in Fl is a well, system 10 and, associ ated nmet hod whi ch
enbody pri nci pl Eégof iLtJn% Pr ¥sEFBSAFESCH Ot re Shetamadyst é’r’nei’o,oga
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the wellbore 14 is lined with casing 16 and cenent 18, but the
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10
DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well system
10 and associated method which embody principles of the
present disclosure. In the well system 10, a tubular string
15 12 is installed in a wellbore 14. 1In this example, the
wellbore 14 is lined with casing 16 and cement 18, but the
wellbore could instead be unlined or open hole in other

embodiments.

The tubular string 12 includes well tools 20 and 22.

20 The well tool 20 is depicted as being a packer assembly, and
the well tool 22 is depicted as being a valve or choke
assembly. However, it should be clearly understood that
these well tools 20, 22 are merely representative of a
variety of well tools which may incorporate principles of

25 this disclosure.

The well tool 20 includes a swellable material 24 for
use as an annular seal to selectively prevent flow through
an annulus 26 formed between the tubular string 12 and the
casing 16. Swellable materials may be used as seals in

30 other types of well tools in keeping with the principles of

this disclosure.



30 other types of well tools in keeping with the principles of this
di scl osure. - 5 - For exanpl e, another type of swell able sea
I's described in U S. Published Application No. 2007-0246213 for
regulating flow through a well screen. The entire disclosure of this
prior application is incorporated herein 5 by this reference. The
wel | tool 22 includes a flow control devite 28 (such as a valve or
choke, etc.) and an actuator 30 for operating the flow control

device. Swellable materials may be used in oth types of actuators
for operating oFﬁEre’i@mIf‘@?)esartﬁltl\ﬁé:l Ith‘?SoPg. sweﬂabi%rse&laﬂﬁ e,
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described in U.S.  Publjshed éﬁgﬁ{cation No. 2007-0246225. The entire
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For example, actuators using swellable materials for
operating well tools are described in U.S. Published
Application No. 2007-0246225. The entire disclosure of this

prior application is incorporated herein by this reference.

15 The swellabkle material used in the well tools 20, 22
swells when contacted by an appropriate fluid. The term
“swell” and similar terms (such as “swellable”) are used
herein to indicate an increase in volume of a swellable

material.

20 Typically, this increase in volume is due to
incorporation of molecular components of the fluid into the
swellable material itself, but other swelling mechanisms or
techniques may be used, if desired. WNote that swelling is
not the same as expanding, although a seal material may

25 expand as a result of swelling.

For example, in some conventional packers, a seal
element may be expanded radially outward by longitudinally
compressing the seal element, or by inflating the seal
element. In each of these cases, the seal element is

30 expanded without any increase in volume of the seal material

of which the seal element is made. Thus, in these



For exanple, in sone conventional packers, a seal elenent may be
expanded radially outward by |ongitudinally conpressing the seal
element, or by inflating the seal elenment. In each of these cases,
the seal elenment is 30 expanded wi thout any increase in volume of the
seal material of which the seal element_is made. Thus, in these - 6
- conventional packers, the seal el engnt ‘expands, but does not swell.
The fluid which causes swelling of the swellable material could be
wat er and/ or hgdrocar on fluid uch ag 5 0l or as& The fluid

coul d be a®gBVeBFIGRRePeSHTT Y ratese ,e%GE'ﬁnE\se‘gPa ds, but does not
hydr ocar bogweant ai ni ng wax or paraffin which nelts when exposed to
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Various swellable materials are known to those skilled
in the art, which materials swell when contacted with water
15 and/or hydrocarbon fluid, so a comprehensive list of these
materials will not be presented here. Partial lists of
swellable materials may be found in U.S. Patent Nos.
3385367, 7059415 and 7143832, the entire disclosures of

which are incorporated herein by this reference.

20 The swellable material may have a considerable portion
of cavities which are compressed or collapsed at the surface
condition. Then, when being placed in the well at a higher
pressure, the material is expanded by the cavities filling

with fluid.

25 This type of apparatus and method might be used where
it is desired to expand the material in the presence of gas
rather than o0il or water. A suitable swellable material is
described in International Application No. PCT/N0O2005/000170
(published as WO 2005/116394), the entire disclosure of

30 which is incorporated herein by this reference.

It should, thus, be clearly understood that any

swellable material which swells when contacted by any type



25Thi s type of apparatus and nethod m ght be used where it is desired
to expand the material in the presence of gas rather than oil or
water. A suitable swellable material is described in International
Application No. PCT/NO2005/ 000170 (published as WD 2005/ 116394), the
entire disclosure of 30 which is incorpﬁrated herein by this
reference. It should, thus, be clearly understood that any swell able
mat eri al which swells when contacted by any type - 7 - of fluid may
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positioned on a generally tubular mandrel 32. The swellable
material 24 could, for example, be adhesively bonded to the
mandrel 32, or the swellable material could be otherwise

15 secured and sealed to the mandrel.

A flow passage 34 (not visible in FIG. 2, see FIGS. 3-
13) extends longitudinally through the mandrel 32. When the
well tool 20 is interconnected as part of the tubular string
12, as in the system 10 of FIG. 1, the flow passage 34 also
20 extends longitudinally through the tubular string, and so
pressure in the flow passage can be conveniently manipulated

from the surface or another remote location.

The well tool 20 also includes a reservoir 36
containing a fluid 38 which, when it contacts the swellable
25 material 24, will cause the material to swell. The
reservoir 36 may take variocus forms, and several examples

are described in more detail below.

A flow contrcller 40 is used to control fluid
communication between the reservoir 36 and the swellable
30 material 24. In this manner, the fluid 38 only contacts the
swellable material 24 when desired. Preferably, the flow

controller 40 initially prevents the fluid 38 from



The well tool 20 also includes a reservoir 36 containing a fluid 38
whi ch, when it contacts the swellable 25 material 24, will cause the
material to swell. The reservoir 36 nay take various forns, and
several exanples are described in nore detail below A flow
controller 40 is used to control fluid gconmunication between the
reservoir 36 and the swellable 30 matérral 24. In this manner, the
fluid 38 only contacts the swellable material 24 when desired.
Preferably, the flow control]er 40 initi.all revents the fluid 38
from - 8 £9 86&95&P9n5h?hﬁw%iﬁearl?]a?o|“€%ﬂ€rlu éﬁ HUtbﬁ‘?fere"‘rsm%“fhsuch
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Is representatively illustrated. In this view, details of the
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t he annul uged6.or passage 34 could be used to pressurize the fluid 38
in the reservoir 36. The flow controller 40 includes fl ow control
devi ceso The fluid 38 in the reservoir 36 is pressurized

somewhat due to a biasing force applied to a piston 42 by a
biasing device 44 (such as a spring, pressurized gas
chamber, etc.). Note that, in this example, the reservoir
36 is isolated from pressure in the annulus 26, and from

15 pressure in the passage 34. However, in other examples,
pressure in the annulus 26 or passage 34 could be used to

pressurize the fluid 38 in the reservoir 36.

The flow controller 40 includes flow control devices
46, 48, 50. The device 46 is depicted as a check valve
20 which permits flow from the passage 34 to an interior
passage 52 of the controller 40, but prevents oppositely
directed flow. The device 48 is depicted as a check valve
which permits flow from the reservoir 36 to the passage 52,
but prevents oppositely directed flow. Other types of one-

25 way valves or other devices may be used, if desired.

The device 50 is depicted as a rupture disc which
isolates the swellable material 24 from the passage 52 until
pressure in the passage reaches a predetermined amount
(i.e., until a predetermined pressure differential is

30 applied across the device), at which point the device opens
and permits fluid communication between the passage 52 and

the swellable material. The device 50 could instead



46, 48, 50. The device 46 is depicted as a check val ve 20 which
permts flow fromthe passage 34 to an interior passage 52 of the
controller 40, but prevents oppositely directed flow. The device 48
is depicted as a check val ve which pernmits flow fromthe reservoir 36
to the passage 52, but prevents oppositely directed flow. Oher types
of one- 25 way val ves or other devices Tray be used, if desired.

The device 50 is depicted as a rupture disc which isolates the
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the swell able material 24,

When it is desired to initiate swelling of the
15 swellable material 24, pressure in the passage 34 is
increased to at least the predetermined amount (i.e., to
apply the predetermined pressure differential across the
device 50), at which point the device 50 opens. The fluid
38 is then permitted to contact the swellable material 24,

20 and the material swells in response to such contact.

Note that the swellable material 24 may be provided

with passages therein for allowing the fluid 38 to contact a
greater surface area of the material, to provide for even
distribution of the fluid in the material, etc. 1In

25 addition, the swellable material 24 may be provided with
reinforcement and/or other additional features not
specifically described herein, but which are known to those
skilled in the art.

Referring additionally now to FIG. 4, another
30 configuration of the well tool 20 is representatively
illustrated. This configuration is similar in most respects

to the configuration of FIG. 3, except that the flow



20 and the material swells in response to such contact. Not e
that the swellable material 24 may be provided with passages therein
for allowng the fluid 38 to contact a greater surface area of the
material, to provide for even distribution of the fluid in the
material, etc. In 25 addition, the swellable material 24 nay be
provi ded wi th reinforcenent and/or othéP additional features not
specifically described herein, but which are known to those skilled

inthe art. Referring,additionally nowto FIG 4,. anather 3
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f1ow f16m £R Bﬁ%s‘ﬁ"@‘ée FHGHd Hdds F§EPgDSe to such contact.

Referring additionally now to FIG. 5, another
configuration of the well tool 20 is representatively
illustrated. This configuration is similar in most respects
to the configuration of FIG. 3, except that the device 46

15 does not provide for one-way flow from the passage 34 to the

passage 52.

Instead, the device 46 provides for one-way flow from
the passage 34 to a chamber 56 on an opposite side of the
piston 42 from the reservoir 36. In this manner, pressure

20 in the passage 34 is applied to the fluid 38 in the

reservoir 36 and, via the device 48, to the passage 52.

When it is desired to initiate swelling of the
swellable material 24, pressure in the passage 34 is
increased to at least the predetermined amount (i.e., to

25 apply the predetermined pressure differential across the
device 50), at which point the device 50 opens. The fluid
38 is then permitted to contact the swellable material 24,

and the material swells in response to such contact.

Referring additionally now to FIG. 6, another
30 configuration of the well tool 20 is representatively
illustrated. In this configuration, the devices 46, 48 are

not necessarily utilized, and the device 50 is in the form



I nstead, the device 46 provides for one-way flow fromthe passage 34
to a chanber 56 on an opposite side of the piston 42 fromthe
reservoir 36. In this manner, pressure 20 in the passage 34 is
applied to the fluid 38 in the reservoir 36 and, via the device 48,
to the passage 52. When it is desired to initiate swelling of
the swell able material 24, pressure in ithe passage 34 is increased to
at least the predeterm ned anount (i.e., to 25 apply the

pr edet er mi ned pressure di{ferentkg* across. the gevﬁce Sg%, at whi.ch
poi nt the §&vAcB B8 BhelIVaNIHI GRS FetPhenA  pEPHTR 1 TP ROBTEL

the swel | akte creietbal t@fpetatchide material swells in response to
such contact. Referring additionally nowto FIG 6, another 30

configuration oftheheavwptrédéontmied lkeptegebbnpevetyre |iditdadihed | n
e devi ces, 46,. 48 are.not _necessarily utili.zed,

this confiqguration, , .
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material 24 to thereby injtiate swelling of the sywellable materi al.
The mater; #highi BRLES 95 bHISTHR [0 e CRELAEYDECRIE Famprise,

conprise, fret examnple, & eutasdic nleetibal,. 10Referring additionally
nowto FIG 7, another configuration of the well tool 20 is

represemt at i vel geEklushé adddh t ldhdiniys ne@ntbgeret i PN, afdassure is

applied to the.passage 52_by displ.acin he.device 54 fromw thin the

pabsage 34 OTSHRERSFLoR SOfiells atflo it P &5 SHRPT PSRRI LIRS
illustrated. In this configuration, pressure is applied to
the passage 52 by displacing the device 54 from within the

passage 34.

15 When it is desired to initiate swelling of the
swellable material 24, a ball or other plugging device 58 is
dropped or conveyed into the passage 34 and pressure is
applied to the passage above the ball, so that the ball
biases a plunger 60 radially outward. The outward

20 displacement of the plunger 60 also displaces the device 54
outward, thereby increasing pressure in the passage 52 to
open the device 50 and allow the fluid 38 to contact the

swellable material 24.

A seat or other sealing surface may be provided for the
25 ball 58 in the passage 34. The ball 58 may not directly
contact the plunger 60, instead the pressure applied above
the ball may operate to shift a sleeve which, in turn,
causes outward displacement of the plunger (or a dog, lug,
etc.) which causes outward displacement of the device 54 to

30 increase pressure in the passage 52.

Referring additionally now to FIG. 8, another

configuration of the well tool 20 is representatively



swel l abl e material 24, a ball or other plugging device 58 is dropped
or conveyed into the passage 34 and pressure is applied to the
passage above the ball, so that the ball biases a plunger 60 radially
outward. The outward 20 di spl acenent of the plunger 60 al so displ aces
t he device 54 outward, thereby increasigg pressure in the passage 52
to open the device 50 and allow the f1di%d ™38 to contact the swell abl e
material 24. A seat or other sealing surface nay be provided for the
25 ball 58.in the passage 34.. The ball 58 .may not directly contact .
Che ol unger LIS CFALEand T het I b LT SR B8 abl? P TS D] Mot in
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52. Relaerring additionally nowto FIG 8, another configuration
of the well tool 20 is representatively - 12 - illustrated. In this
gonfi gusation, WBenﬂev}m cﬁl?ciﬁem(ﬁio iipi&heféosggpa%@g prtwee di scéI o
ut is instead.ipn.the formof_a shuttle valve ich is operate y
openi ng a Fﬁﬁgﬂlﬁglﬁi materlak\fion BHesSUrgedpr ERC1BRFFRIT ai% Sl | i ng
of the swelihabbessatentil 24 rdiasswifedn ptkB8sAs SADEFe¥britsi diNGkeased
until a predeternined pressure differential is applied across the
rupture di 88P6ASdaRChRPR nERRITHPRYRE Ad5CuPé  dfEC Polnt dh§ ting
pressure dirbbetest dasc 18paied 05 thesuIihlyl BrEgkyee 621 £adisildl 0
open, thereb ermtting fluid _comunication between the reservoir 36
and t h&f sm@f’%&gﬁe’chﬁt%ﬁ"‘éﬂ%d"a&i% tife CHYSEEgat 550 open, pdiskighyng

addi ti onal bgrnewtifg HFluid®, coinieiataonf bautabh othefrdd@-wald 360ahd20
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the sweilable material 24 via the passage 52.

Referring additionally now to FIG. 9, another
configuration of the well tool 20 is representatively
15 illustrated. In this configuration, the device 46 is not
necessarily used, and the device 50 is in the form of a
valve which opens in response to manipulation of pressure in

the passage 34.

The device 50 could, for example, be a pilot-operated

20 valve which opens in response to a predetermined pressure
being applied to the passage 34. The device 50 could be a
valve which opens in response to a predetermined pattern of

pressure pulses, levels, etc., applied to the passage 34.

When it is desired to initiate swelling of the
25 swellable material 24, pressure in the passage 34 is
manipulated as needed to cause the device 50 to open and
permit fluid communication between the reservoir 36 and the
swellable material 24. The fluid 38 can then flow through
the passage 52 to the swellable material 24 to cause it to
30 swell.

Referring additionally now to FIG. 10, another

configuration of the well tool 20 is representatively



15 illustrated. In this configuration, the device 46 is not
necessarily used, and the device 50 is in the formof a valve which
opens in response to mani pul ati on of pressure in the passage 34. The
device 50 could, for exanple, be a pilot-operated 20 val ve which
opens in response to a predeterm ned prgssure being applied to the
passage 34. The device 50 could be a val'vé which opens in response to
a predeterm ned pattern of pressure pul ses, levels, etc., applied to

t he passage.34. Wen,it |s desired to initiate swelling of the .25
bl Panr a1 ks inedy. ' Ade P iy BobkahE184%0 deh i iitibhss
needed to dadeeibbd dbyveandP Hed e warth pansi oif Ll £0iBMI i £C athieon
bet ween the reservoir, .36 and t swel | ahl e ri 24. The fluid 38
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ety At od0 RS ThrSP 2oty AR O e CERECRoL | s deact i bad

above may be used with this.c jguration of the well_ tool_20, and so
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fluid nnuniiatkgn mﬁ@h t he passage 52 in the flow 10 controller 40.
'‘As tenﬁ r aCGPEPhFhe*Yownhol e environment increases (e.g., as the

CARENC AR R R RINER ST
constrai nedeby.t hesconeurd1 6Gool 20 is conveyed into the well), the
fluid 38 wants to expand (according to its coefficient of
thermal expansion), but it is constrained by the conduit 66,
15 and so pressure in the fluid increases. Thus, in the
configuration of FIG. 10, there is no need for the piston 42

and biasing device 44 to pressurize the fluid 38.

Referring additionally now to FIG. 11, another
configuration of the well tool 20 is representatively
20 illustrated. 1In this configuration, the conduit 66 is
larger (as compared to the configuration of FIG. 10) and is

only wrapped in one layer about the mandrel 32.

In addition, the conduit 66 is flexible, so that

pressure can be readily transmitted across its wall. The
25 piston 42 is used to transmit pressure from the passage 34

to the conduit 66. Thus, the fluid 38 in the conduit 66 is

pressurized using pressure in the passage 34. A more rigid

and/or rugged conduit 68 (such as a metal braided line,

etc.) may be used to connect the conduit 66 to the passage
30 52.

Referring additionally now to FIG. 12, another

configuration of the well tool 20 is representatively



15 and so pressure in the fluid increases. Thus, in the configuration
of FIG 10, there is no need for the piston 42 and bi asi ng device 44
to pressurize the fluid 38. Referring additionally now to FIG
11, another configuration of the well tool 20 is representatively 20
illustrated. In this configuration, thi conduit 66 is larger (as
conpared to the configuration of FIG™ 6)'and is only wapped in one
| ayer about the mandrel 32. In addition, the conduit 66 is flexible,
e

so that pressure can_be iJy transmtted across.its wal]. e 25
o ston ab AIIHEERSERALy ahE i A B rAE S e nEe Aeb e A & Dinets
conduit 66uséHusn the flowr beitdol lleie 409ndHi EofPuhsSt FreSEilH 28@ Usi ng
pressure in the,passage 34. A nore riqgid and/or r ed conduit 68
(such as acﬁﬁggﬁgbggi g‘%ﬁ“’rri‘gneifheeff@.s)er%ﬁﬁrbggug‘é’a 1%jlgeqc"glﬁ’nléjct She
conduit 66 to tgg assage_ 3052. Referting additionaluy now t o
FIG 12, anot helNEBRFTOUTHT O d7e FESREFPIF oBf bEFRAses to a
(rj epr eseht apiredeyermiddd -lé‘}é]uhsﬁi'fg.ed .thblﬁeb?: appgjgirh@m Prielptelrh ned
evices 48, 50 are us in t] ow controll er I n conjunction
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pressure i wilheopeseind®ipedbit MURADES the 8101i@regletaimrived egvekoir
pressure differential across

{he devi co280fo FHe Hegt (R TR Taon Sakis pEPfi RATH94E O he 11 Ui
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FZ' 10 such as by the fluid 38 being subjected to elevated
temperature (as in the configuration of FIG. 10), or by
application of pressure from the passage 34 (as in the

configuration of FIG. 11).

Referring additionally now to FIG. 13, yet another
15 configuration of the well tool 20 is representatively
illustrated. This configuration is very similar to the
configuration of FIG. 12, except that the conduit 66 is
rectangular-shaped, instead of cylindrical as in the
configuration of FIG. 12. Otherwise, operation of the well
20 tool 20 as depicted in FIG. 13 is substantially the same as
operation of the well tool 20 as depicted in FIG. 12.

Although several specific examples of the well tool 20
are described above, in order to demonstrate a variety of
ways in which the principles of this disclosure may be

25 incorporated into a well tool, note that there exists an
even wider variety of well tool configurations which can
possibly utilize the disclosure principles. Furthermore,
any of the features described above for one of the
embodiments can be used with any of the other embodiments,

30 so any combination of the features described above can be

used in keeping with the principles of this disclosure.



Pressure in the reservoir 36 may be increased by any neans, 10 such
as by the fluid 38 being subjected to el evated tenperature (as in the
configuration of FIG 10), or by application of pressure fromthe
passage 34 (as in the configuration of FIG 11). Referring
additionally nowto FIG 13, yet anothgr 15 configuration of the well
tool 20 is representatively illustrated” This configuration is very
simlar to the configuration of FIG 12, except that the conduit 66

i s rectangul ar - haped st ead of |ndrical uration
of I 19 o nEph erambliS: oife Froaimenhal ptobhe ourt ool i ot ed
in FIG 13 dieSc&i‘tllbsﬂaabd)'ada|1¥tihﬂze§&i§@l&&a&ﬁ6habf0ﬁr@:§sﬁf€ el iln ittdate20
as depicted in sever specj fic exanpl.es of
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above for oggéof t he, enbodi nents_can be used with any of the other
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can be usedeépohgeﬁen@o%idfnau@ tHanR@liRkes olathbsush5e) @tdRure 15
For ihe enbodi nents of the well_tool 20 descri bed

above util P¥ SSppFP%%.?%w??ﬁlﬁﬂwﬁﬁﬁﬁﬁg la§1PRi PF st keCorRmRIN S dCeen t he
fluid 88 andibhetrsyeriahl £ r@icld alocdtivha t beifhoye cantdmldgr 40
(and its associated flLow control
responsive flow controllers are described as an actuator,
valves and control device in copending U.S. application
serial no. 12/353664, filed on January 14, 2009, the entire
disclosure of which is incorporated herein by this

15 reference.

The above disclosure describes a well tool 20 which
comprises a generally tubular mandrel 32 including a flow
passage 34 extending longitudinally through the mandrel 32.
A flow controller 40 initially prevents a fluid 38 from

20 contacting a swellable material 24, but permits the fluid 38
to contact the swellable material 24 in response to

manipulation of pressure in the flow passage 34.

The swellable material 24 may extend circumferentially
about an exterior of the mandrel 32. 1In this manner, the
25 well tool 20 could be a packer assembly. However, other
types of well tools (such as the well tool 22) may

incorporate the principles of this disclosure, as well.

The fluid 38 may be disposed in a reservoir 36 of the
well tool 20. The reservoir 36 may be isolated from
30 pressure in the flow passage 34. The reservoir 36 may be
isolated from pressure exterior to the well tool 20 (such as

in the annulus 26).



5 devices 46, 48, 50, valve 62 and/or rupture disc 64). However, the
flow controller 40 could instead, or in addition, incorporate flow
control devices which are responsive to signals transmtted via
acoustic, pressure pulse, tubular string manipul ation or

el ectromagnetic 10 telenetry froma renpte | ocation. Suitable
telemetry responsive flow controllers are described as an actuator,
val ves and control device in copending U S. application serial no.

12/ 353664, filed on January 14, 2009, the_entire disclosyre Qf .which
i s incorporat ed h%%%?ﬁ%ﬁ%‘fﬁ%ﬁ F2¥e PERLE. pressuﬁ%etoaﬂfgl?e SRR
di Ec: osur eigeﬁlﬁéi :béseﬂ‘.lrd\?l' I3a.oo:cplr%&swhbchncen@rfm Isaageaarge; aldl yhay be
tubul ar mandrel 32 including a ow passage 34 extendj ng
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of the mandrel 32. In this manner, the 25 well tool 20 could be a
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I nci pl es_of this disclosure, as well.

tool 22) may incorporate th rinc
The fiuld SBFREGUBS GHApARED 9 Tod vPeserb8 Foib 170k 0 i psandsoa
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34. The reservoir 36 may be isolated frompressure exterior to the
wel | tHbl %6‘3’(‘35’3% glso"r’rPaﬁ?é‘%ﬁ&rus 26) .

The flow controller 40 may permit contact between the
fluid 38 and the swellable material 24 in response to
application of a predetermined elevated pressure in the flow

passage 34.

15 Also described by the above disclosure is a well tool
20 which comprises a swellable material 24, a generally
tubular mandrel 32 and a conduit 66 wrapped
circumferentially about the mandrel 32. The conduit 66
contains a fluid 38 which, upon contact with the swellable

20 material 24, causes the swellable material to swell.

The conduit 66 may be isolated from pressure in a flow

passage 34 extending longitudinally through the mandrel 32.

A flow controller 40 may selectively permit contact

between the fluid 38 and the swellable material 24 in

25 response to increased pressure within the conduit 66.
Pressure within the conduit 66 may increase in response to
thermal expansion of the fluid 38 therein. Pressure within
the conduit 66 may increase in response to manipulation of
pressure in a flow passage 34 extending longitudinally

30 through the mandrel 32.



- 16 - A bi asing device 44 may apply pressure to the fluid 38 in
the reservoir 36. Pressure in the flow passage 34 nmay be transmtted
to at | east one flow control device 50 of the flow controller 40,
with the flow control device 50 5 selectively preventing and
permtting fluid comunication between hhe reservoir 36 and the
swel | able material 24. The flowcddtiol device 50 may conprise
at |l east one of a rupture disc and a valve. The well tool 20 may

i nclude a pressyye equall i ng device_54 ich.isolates the fluid 38
10 from the 1ol padage GHEciosureral) BRAEEHPTDIT CHRPHRF perm t
cont act betameatihg dlwedl 3odnd o He awelibablcan@derwelll .24 The method

response to a Ilcatlon 0] redet erm ned el ated ressyre in the
fl ow passag8€ deﬁS%@%%P?iﬁﬁﬁﬁﬁxﬁfeﬁquﬁelﬁb%vg %%ﬁﬁQB a well
t ool 20 mhegheﬁam@glsmowgrsv:elﬁlﬁhﬂamwﬁhgl 124 t}@ewr@idmdgulaul ar
nandrel 32_and, a conduit 66 w apped C|rc§ a$rent|a |y abaqut_the
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swel | . condui 66 be isolated.from pressure in a fl ow
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38 and the gmellable material. 24 in 25 response to increased pressure

within thet Snﬁﬁ?}lﬁﬁﬂeFﬂﬁﬁﬁﬁHQQ\%4th|n the conduit 66 nmay increase in

response to ther sion of the fluid 38 therein. Pressure
wi thinthe condthe ﬁlﬁjﬂ%é}a&ﬁgﬁl 2feBRB B¢ rfaﬁcamfare&ﬁlsﬁ-ly

pressure i Bbsufl aWdwssaey Ihmitaendiangrb0ng? t ol f1ad le130 ddaongh t he
ndrel 32,
mandrel 3 The mandrel 32 may be interconnected as a part of the

tubular string 12.

The pressure manipulating step may include transmitting
15 pressure in the flow passage 34 to an exterior of a conduit
66 extending circumferentially about a generally tubular
mandrel 32 of the well tool 20, with the mandrel being
interconnected as a part of the tubular string 12. The
reservoir 36 may comprise an interior of the conduit 66.
20 The flow control device 50 may comprise at least one of a

rupture disc and a valve.

Also described by the above disclosure is a well tool

20 which includes a swellable material 24 and a flow
controller 40 which initially prevents a f£luid 38 from

25 contacting the swellable material 24, but which permits the
fluid 38 to contact the swellable material 24 in response to
receipt of a signal transmitted via telemetry from a remote
location. The telemetry signal may be selected from a group
comprising acoustic, pressure pulse, tubular string

30 manipulation and electromagnetic signals.

The above disclosure describes the well tool 20 and

associated method, in which the well tocl may include the



- 17 - The above disclosure al so describes a nmethod of actuating
a well tool 20 in a subterranean well. The nethod includes
mani pul ati ng pressure in a flow passage 34 extending through a
tubul ar string 12, thereby opening at 5 | east one flow control device
50 of the well tool 20 which selectivel% permts fluid conmmunication
between a reservoir 36 of the well tdol"®20 and a swell able materi al
24 of the well tool, mhereby a fluid 38 in the reservoir 36 contacts

the swel | abl e rial, 24, e swel l erial 24 extend
circunfereﬁ??é&abfﬁb%ﬁ?e%% 4LﬂW3FdF8 upgrn%L AdrRFS3EIS 4t'he wel |
t ool 20. Th&s@&ﬂdﬁ.ﬂ 382 frnylcbesa ntralkG0BBAEEETU18s @opa;sltswn tatzg

t ubul ar %b %512 The gressu nanl ulatlng step nay i ncl ude
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mandr el g the well 20, with _.the nandrg?¥be|n nterconnected
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and el ectrewgegﬁamﬁwaﬁuce 54 Tt}ﬁaﬁjaeyessll Slsépﬁtgae %ﬂ_wg'el%e%ot he
well tool 20 and associ at ed net ho in which the well tool
i ncl ude t hghuttle valve 62, rupture disc 64 and/or conduits 66 68

described above.

15 It is to be understood that the various examples
described above may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of the present disclosure. The embodiments

20 illustrated in the drawings are depicted and described
merely as examples of useful applications of the principles

{ of this disclosure, which are not limited to any specific

details of these embodiments.

In the above description of the representative examples
25 of this disclosure, directional terms, such as “above,”
“below,” *“upper,” “lower,” etc., are used for convenience in
referring to the accompanying drawings. In general,
“above,” *upper,” “upward” and similar terms refer to a
direction toward the earth’s surface along a wellbore, and
30 “below,” “lower,” “downward” and similar terms refer to a

direction away from the earth’s surface along the wellbore.



- 18 - swellable material 24, mandrel 32, flow passage 34, reservoir
36, fluid 38, flow controller 40, piston 42, biasing device 44, flow
control devices 46, 48, 50, passage 52, equalizing device 54, chanber
56, ball 58, plunger 60, 5 shuttle valve 62, rupture disc 64 and/or
conduits 66, 68. However, a person skilled in the art will understand
that a well tool and/or nethod incorﬁbﬁgtrng the principles of this
di scl osure coul d be constructed or perforned wthout use of the
specific swellaplLe material 24, nmandr. 2, f]ow passa 0 34,
reservoir 36, fBIEi‘ao%%s,e'flaO\ﬁ%f@rﬂnr 3?‘112#30,“& ‘Fo%ttl?‘,'oqﬁi siRg"dévi ce
44, flow ceakedhldeynhstderttichB of5@&hepabsageddzer Bsttiad Mg devi ce
54, chanber 56, ball. 58, plunger 60, shutt&e val ve 62, ruypture disc
64 and/ or 58353??213%%%"%8"9 P rab5FEL LY 5FRPTC A D AT 8RS 00d
that the vabH9BSceXBoRS £SadlBiSGIdnzgd sabevetiBions, Wdldziethd N avar i ous
orientations, such as inclined, inverteg, hori zontal , vertical, etc.,
and i n Var P5HET cORRRERT AI%RE MRdend6r ChERS FRRGF 1O AR gENt S pPRY

of the pregash &hssyes e Wik ienkad geBhs 39 thé Ustiraligd dsh ofthehe
drawi ngs are degicted and descri bed nerely as exanpl es of_ useful

appl i cat i oRESBEIF hALET IR es MECOEALEIGY s cHR uF RF eI Teh dete 1A
limted tOdéB&rﬁﬁEﬁérﬁii}s aet ald e1elarifeafderbeshd®dl Leilly igigeaboye
description of the representative exanples 25 of this, disclosure,
directionaWa¥e?ﬁs}l%QﬁﬁF%ﬁﬁoma@@ﬂeF“amggﬁoﬁplyVu5$%r§pquto®@ﬁ;GC@P@.,
are usgsl ek eREVERESAwE invdrRfion bBAnt01ieL 8¢ COMMARY ikd theaW ngs.
{n general, "above,"_ "upper,” "upward” and simlar terns refer to a
di recti on £BRARESY Heladms 1prd dberdc 894ABAGCA Sl | bore, and 30

"bel ow, " "lower," "downward" and simlar terns refer to a direction
away fromthe earth's surface along the wellbore. - 19 - O
course, a person skilled in the art would, upon a careful

consi deration of the above description of representative enbodi nents,
readily appreciate that many nodifications, additions, substitutions,
del etions, and



5 ot her changes nay be nade to these specific enbodi nents, and such
changes are within the scope of the principles of the present

di scl osure. Accordingly, the foregoing detailed descriptionis to be
clearly understood as being given by way of illustration and exanple
only, the spirit and scope 10 of the_pr%sgnt invention being limted
solely by the appended clains and t héi ¢ equivalents. - 20 - WHAT IS
CLAIMED | S: 1. Awell tool, conprising: a generally
t ubul ar mandrel _jngl udi passage 5 extending |ongitudinally
t hrough the man‘c'iiflgﬁ; f'gn@%fhafﬂ %'I ow controller which initially
prevents a fluid fromcontacting a swellable material, but which
permts the fluid to contact the swellable naterial in response to
mani pul ati on of ,pressure 4 e f ge. 10 2. The wel

t ool of clain11}'mhé$g?§ﬁﬁﬁ%%QWelO@#Fggzg érial extends
circunferentially lgg; ri.o f e. Ih Ll _too
of claim1, V\he%e?%p%ﬁéelﬁjw ?Lgrd:ingglggé?i fﬁgggé%lé ra\l/§£|3lro‘"ro$>ats &Vel |
t ool . 45 Thexwehilingolowditidinmlldy whepegh the masdreiloi rands

a flow controller which initially prevents a fluid from
contacting a swellable material, but which permits the fluid
to contact the swellable material in response to

manipulation of pressure in the flow passage.

10
2. The well toel of claim 1, wherein the swellable
material extends circumferentially about an exterior of the
mandrel.
15 3. The well tool of c¢laim 1, wherein the fluid is
disposed in a reservoir of the well tool.
4, The well tool of claim 3, wherein the reservoir is
isolated from pressure in the flow passage.
20

5. The well tool of claim 3, wherein the reservoir is

isolated from pressure exterior to the well tool.

6. The well tool of claim 3, wherein a biasing device

25 applies pressure to the fluid in the reservoir.

7. The well tool of c¢laim 3, wherein pressure in the

flow passage is transmitted to at least one flow control



i solated frompressure in the fl ow passage. 20 5. The well tool
of claim3, wherein the reservoir is isolated frompressure exterior
to the well tool. 6. The well tool of claim3, wherein a
bi asi ng device 25 applies pressure to the fluid in the reservoir. -
21 - device of the flow controller, thﬁ fl ow control device

sel ectively preventing and pernmtting furd communi cation between the
reservoir and the swellable material. 58. The well tool of claim?7,

wherein the fl.ow control_device conprises, at | east one of a _.rupture

G sc and adoaigE SEMEAS! eS| ST ERE " 6} ST Lo R s
conpri si ngselptessdly prpadntzineg athev peemibt £hgi SDhid esontrtia ifclatignf r om
the 10 flo assage. 10. Th |1 to of claima1, wherein the
fl ow cont rg’/ﬁﬁg?eﬁegﬂ?tﬁe%%‘f%fﬁ a&a &gl@nsyﬁgi?]f’iﬁ’ d“%‘rﬁo"t"ﬂe‘ swel | abl e
material in response to application of a 15 predeterm ned el evated
pressure in the flow passage. 11. A well tool, conprising: a

swellable matergal; @, g&DST Al g61t WULIL1APAI herdl the flow control

device comprises at least one of a rupture disc and a valve.

9. The well tool of claim 7, further comprising a
pressure equalizing device which isolates the fluid from the

10 flow passage.

10. The well tool of claim 1, wherein the flow
controller permits contact between the fluid and the
swellable material in response to application of a

15 predetermined elevated pressure in the flow passage.

11. A well tool, comprising:
a swellable material;
a generally tubular mandrel; and

20 a conduit wrapped circumferentially about the mandrel,
the conduit containing a fluid which, upon contact with the

swellable material, causes the swellable material to swell.

12. The well tool of claim 11, wherein the conduit is
25 isolated from pressure in a flow passage extending

longitudinally through the mandrel.

13. The well tool of ¢laim 11, wherein a flow

controller selectively permits contact between the fluid ang



20a conduit wapped circunferentially about the mandrel, the conduit
containing a fluid which, upon contact with the swellable material,

causes the swellable material to swell. 12. The well tool of
claim1l, wherein the conduit is 25 isolated frompressure in a flow
passage extending | ongitudinally througg the mandrel. - 22 - the
swel | able material in response to incréiséd pressure within the

condui t. 14. The well tool of claim 13, wherein pressure
within 5 th conduit, i ncreases .in_response to therml pansi on of
the huid ther apatiinld RGeSy -0 SRREBRS, fo  IREI Tl hhael s
pressure wwtilthiint hike comaiiiitJ ncreases in response to mani pul ati on of
10 pressure in a fl ow passage extendi ng | ongitudinally through the
mandr el . 16. The well tool of claim1l, wherein the swellable

materi al extends circunferentially about the mandrel. 15 17. A
met hod of actuaténg %hawﬂéll(ﬁﬁon @facﬂabmenBanwhmr@&ﬂIpraémmrmewmeﬁin

conpris ng, nanl ul atin ressu n af OW/ assa

ext endléng t roug15|8l19l ATy |J‘r?g,r%?§8paﬁy£%p#élﬁ?lﬁba]ate}i SASC ngff | ow
20 controltdevf¢31@ftmémemmﬂI tool which selectively permts fluid
comuni cati on between a reservoir of the well tool and a swellable
material of the well tool, whereby a fluid in the reservoir contacts

the swellable nmaterial.
15. The well tool of claim 13, wherein pressure within

the conduit increases in response to manipulation of
10 pressure in a flow passage extending longitudinally through

the mandrel.

16. The well tool of claim 11, wherein the swellable

material extends circumferentially about the mandrel.
15

17. A method of actuating a well tool in a

subterranean well, the method comprising the step of:

manipulating pressure in a flow passage extending
through a tubular string, thereby opening at least one flow
20 control device of the well tool which selectively permits
fluid communication between a reservoir of the well tool and
a swellable material of the well tool, whereby a fluid in

the reservoir contacts the swellable material.

25 18. The method of claim 17, wherein the swellable
material extends circumferentially about a generally tubular
mandrel of the well tool, and wherein the mandrel is
interconnected as a part of the tubular string, in the

pressure manipulating step.

30



2518. The nethod of claim 17, wherein the swellable material extends
circunferentially about a generally tubular mandrel of the well tool,
and wherein the mandrel is interconnected as a part of the tubular
string, in the pressure mani pul ating step. - 23 - 19. The

met hod of claim 17, wherein the pressure mani pul ating step further
conprises transmtting pressure in the“l Ow passage to an exterior of
a conduit extending circunferentially about a generally tubular
mandrel of the g wel |t ool ‘ﬁﬂ dr.el _being interconnected as a
part of the tubdPar TRFiTY th (P%q$ ails &y oV REESHLr ¥ R8 RFSFP YLt er i or
of the Condl'dhh.pulat.l.ng st?éb fihve naat @@ﬂlp@ﬁsébatﬂﬂgmlﬂ%’hﬁfﬁlp}é’s%@ra oW
contr ol geV| e co rises at |east qQne of a rupture disc and a

val ve in tﬁ §¥UP ?ﬁﬁﬁ[ﬁﬂzﬂﬁlﬁft§FéBr 0512 QOREY}t gyHiending

conpri si ngcmcamékabtﬁam eiAlt aak@ntPalllovusendF ahdRirathioEh the
initially yents_a f|UId from contacting the swel|able material,
but whith %&iﬂn £eot hethe UPandnslc Hietast lﬁﬁgrgﬁﬁ!‘?‘é’?ﬁ% Fate@t Pf the

response t@ubateipbtPing, sdrhalhd raRerybi edcyhgr i el el Yifted oz of
renmote | ocation. 20 22. The well tool of claim2l, wherein the

swel | abl e frBfefPAAYEKt ends circunferentially about an exterior of a
general ly tubular mandrel . 2523. The well tool of claim?21, wherein
the fluid is disposed in a reservoir of the well tool. 24. The

wel |l tool of cl m 23, wher.ei e reserv0|r is jsolated from
pressure in a f?hm/p%g%dﬁ%15¥¥éﬁgFﬂ im 17, wherein the flow control

10 device comprises at least one of a rupture disc and a valve

in the pressure manipulating step.

21. A well tool, comprising:
a swellable material; and

15 a flow controller which initially prevents a fluid from
contacting the swellable material, but which permits the
fluid to contact the swellable material in response to

receipt of a signal transmitted via telemetry from a remote

location.
20
22. The well tool of claim 21, wherein the swellable
material extends circumferentially about an exterior of a
generally tubular mandrel.
25 23. The well tool of claim 21, wherein the fluid is

disposed in a reservoir of the well tool.

24, The well toel of claim 23, wherein the reservoir
is isolated from pressure in a flow passage extending

30 longitudinally through a generally tubular mandrel, the



30 longitudinally through a generally tubular mandrel, the - 24 -
swel | abl e material extending circunferentially about an exterior of

t he mandrel . 25. The well tool of claim23, wherein the
reservoir 5 is isolated frompressure exterior to the well tool

26. The well tool of claim 23, mhereanq bi asi ng devi ce applies
pressure to the fluid in the reservoir“°1027. The well tool of claim
21, wherein the signal is selected froma group conprising acoustic,

pressure Pyl 351 ab YUhEL ST kTRHRY 34 10MnR0Ck SLES 1P TRARE! L
exterior of the mandrel.

25. The well tocl of claim 23, wherein the reservoir

5 1is isolated from pressure exterior to the well tool.

26. The well tool of claim 23, wherein a biasing

device applies pressure to the fluid in the reservoir.

10 27. The well tool of claim 21, wherein the signal is
selected from a group comprising acoustic, pressure pulse,

tubular string manipulation and electromagnetic signals.



