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EXPANDABLE LINER AND ASSOCIATED 
METHODS OF REGULATING FLUID FLOW IN A 

WELL 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to opera 
tions performed in conjunction With a subterranean Well and, 
in an embodiment described herein, more particularly pro 
vides an expandable liner and associated methods of regu 
lating ?oW through tubular structures in a Well. 

[0002] A Wellbore may intersect multiple formations or 
Zones from Which it is desired to produce ?uids. It is 
common practice to utiliZe Well screens and gravel packing 
Where the formations or Zones are unconsolidated or poorly 

consolidated, in order to prevent collapse of the Wellbore or 
production of formation sand. Thus, ?uid production from 
one Zone may ?oW through one Well screen While produc 
tion from another Zone may pass through another Well 
screen. 

[0003] It is frequently desirable to be able to individually 
control the rate of production from different Zones. For 
example, Water encroachment or gas coning may prompt a 
reduction or cessation of production from a particular Zone, 
While production continues from other Zones. 

[0004] Conventional practice has been to use a valve, such 
as a sliding sleeve-type valve, or a doWnhole choke to 
regulate ?uid ?oW from a particular Zone. HoWever, Where 
Well screens are also utiliZed, it is often impractical, costly 
and inconvenient to use conventional valves or chokes to 
regulate ?uid ?oW through the screens. Therefore, it is an 
object of the present invention to provide an improved 
method of regulating ?uid ?oW through Well screens. It is a 
further object of the present invention to provide methods 
and apparatus for regulating ?uid ?oW through various 
tubular structures in a Well. 

SUMMARY OF THE INVENTION 

[0005] In carrying out the principles of the present inven 
tion, in accordance With an embodiment thereof, a specially 
con?gured expandable liner is utiliZed in regulating ?uid 
?oW through a tubular structure in a Wellbore. The ?oW 
regulating systems and methods described herein also permit 
economical, convenient and accurate control of production 
through individual Well screens and screen assemblies. 

[0006] In one aspect of the present invention, a screen 
assembly including multiple Well screens is installed in a 
Wellbore. An expandable liner is then inserted into the screen 
assembly. The liner is expanded by any of various methods 
(e.g., in?ation, sWaging, etc.), so that the liner is sealingly 
engaged With the interior of the screen assembly. For 
example, the liner may be sealingly engaged straddling a 
Well screen, so that ?uid ?oW through the Well screen must 
also pass through an opening formed through a sideWall of 
the liner. 

[0007] Expansion of the liner may also be used to control 
the rate of ?uid ?oW through the screen assembly. For this 
purpose, a sealing material may be disposed externally on 
the liner betWeen an in?oW area of a Well screen and the 
opening formed through the liner sideWall. By squeeZing the 
sealing material betWeen the liner and the screen assembly, 
a ?oW area formed betWeen portions of the sealing material 
is reduced. 
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[0008] By retracting the liner inWardly aWay from the 
screen assembly, the ?oW area may also be increased, 
thereby increasing the rate of ?uid ?oW through the Well 
screen. Thus, the ?oW rate through the screen may be 
increased or decreased as desired by retracting or expanding 
the liner Within the screen assembly. 

[0009] The exterior of the liner Which contacts the interior 
of the screen assembly may be con?gured to provide further 
regulation of ?uid ?oW. For example, the sealing material 
may have one or more channels formed therein or there 
through. The channels may be tortuous to provide ?oW 
choking. Plugs may be provided to reduce the number of 
channels through Which ?uid may ?oW. 

[0010] Tools for expanding and retracting the liner are also 
provided by the present invention. One such tool includes a 
sensor sensing a parameter, such as ?oW rate, temperature, 
pressure, etc., of the ?uid ?oWing through a Well screen. 
This permits the effect of expansion or retraction of the liner 
to be evaluated doWnhole for an individual Well screen, or 
for multiple screens. 

[0011] These and other features, advantages, bene?ts and 
objects of the present invention Will become apparent to one 
of ordinary skill in the art upon careful consideration of the 
detailed description of representative embodiments of the 
invention hereinbeloW and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIGS. 1A-E are schematic vieWs of successive 
steps in a method of regulating ?oW through Well screens, 
the method embodying principles of the present invention; 

[0013] FIG. 2 is an enlarged scale schematic vieW of a ?rst 
method of expanding a tubular structure in the method of 
FIG. 1; 

[0014] FIGS. 3A&B are enlarged scale schematic vieWs 
of a second method of expanding a tubular structure in the 
method of FIG. 1; 

[0015] FIG. 4 is a schematic cross-sectional vieW of a ?rst 
system for regulating ?oW through Well screens, the system 
embodying principles of the present invention; 

[0016] FIGS. 5A&B are schematic cross-sectional vieWs 
of the system of FIG. 4, taken along line 5-5 of FIG. 4; 

[0017] FIG. 6 is a schematic cross-sectional vieW of a ?rst 
tool used to expand a liner, the tool embodying principles of 
the present invention; 

[0018] FIG. 7 is a schematic cross-sectional vieW of a 
second tool used to expand a liner, the tool embodying 
principles of the present invention; 

[0019] FIG. 8 is a schematic cross-sectional vieW of a 
second system for regulating ?oW through Well screens, the 
system embodying principles of the present invention; 

[0020] FIG. 9 is a schematic elevational vieW of a ?rst 
expandable liner embodying principles of the present inven 
tion; 

[0021] FIG. 10 is a schematic elevational vieW of a second 
expandable liner embodying principles of the present inven 
tion; 
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[0022] FIGS. 11A&B are schematic cross-sectional views 
of a tool for retracting a liner, the tool embodying principles 
of the present invention; 

[0023] FIG. 12 is a schematic cross-sectional vieW of an 
alternate con?guration of the tool of FIGS. 11A&B; 

[0024] FIG. 13 is a schematic cross-sectional vieW of a 
tool for expanding a liner, the tool embodying principles of 
the present invention; and 

[0025] FIG. 14 is a schematic vieW of a method of 
regulating ?oW through casing, the method embodying 
principles of the present invention. 

DETAILED DESCRIPTION 

[0026] Representatively illustrated in FIGS. 1A-E is a 
method 10 Which embodies principles of the present inven 
tion. In the folloWing description of the method 10 and other 
apparatus and methods described herein, directional terms, 
such as “above”, “beloW”, “upper”, “loWer”, etc., are used 
only for convenience in referring to the accompanying 
draWings. Additionally, it is to be understood that the various 
embodiments of the present invention described herein may 
be utiliZed in various orientations, such as inclined, inverted, 
horiZontal, vertical, etc., and in various con?gurations, With 
out departing from the principles of the present invention. 

[0027] Referring initially to FIG. 1A, in the method 10, a 
screen assembly 12 including multiple Well screens 14, 16, 
18 is conveyed into a Wellbore 20. The Wellbore 20 inter 
sects multiple formations or Zones 22, 24, 26 from Which it 
is desired to produce fluids. The screens 14, 16, 18 are 
positioned opposite respective ones of the Zones 22, 24, 26. 

[0028] The Wellbore 20 is depicted in FIGS. 1A-E as being 
uncased, but it is to be clearly understood that the principles 
of the present invention may also be practiced in cased 
Wellbores. Additionally, the screen assembly 12 is depicted 
as including three individual screens 14, 16, 18, With only 
one of the screens being positioned opposite each of the 
Zones 22, 24, 26, but it is to be clearly understood that any 
number of screens may be used in the assembly, and any 
number of the screens may be positioned opposite any of the 
Zones, Without departing from the principles of the present 
invention. Thus, each of the screens 14, 16, 18 described 
herein and depicted in FIGS. 1A-E may represent multiple 
screens. 

[0029] Sealing devices 28, 30, 32, 34 are interconnected in 
the screen assembly 12 betWeen, and above and beloW, the 
screens 14, 16, 18. The sealing devices 28, 30, 32, 34 could 
be packers, in Which case the packers Would be set in the 
Wellbore 20 to isolate the Zones 22, 24, 26 from each other 
in the Wellbore. HoWever, the sealing devices 28, 30, 32, 34 
are preferably expandable sealing devices, Which are 
expanded into sealing contact With the Wellbore 20 When the 
screen assembly 12 is expanded as described in further detail 
beloW. For example, the sealing devices 28, 30, 32, 34 may 
include a sealing material, such as an elastomer, a resilient 
material, a nonelastomer, etc., externally applied to the 
screen assembly 12. 

[0030] Referring additionally noW to FIG. 1B, the screen 
assembly 12 has been expanded radially outWard. The 
sealing devices 28, 30, 32 and 34 noW sealingly engage the 
Wellbore 20 betWeen the screens 14, 16, 18, and above and 
beloW the screens. 
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[0031] Additionally, the screens 14, 16, 18 preferably 
contact the Wellbore 20 at the Zones 22, 24, 26. Such contact 
betWeen the screens 14, 16, 18 and the Wellbore 20 may aid 
in preventing formation sand from being produced. HoW 
ever, this contact is not necessary in keeping With the 
principles of the present invention. 

[0032] The use of an expandable screen assembly 12 has 
several bene?ts. For example, the radially reduced con?gu 
ration shoWn in FIG. 1A may be advantageous for passing 
through a restriction uphole, and the radially expanded 
con?guration shoWn in FIG. 1B may be advantageous for 
providing a large ?oW area and enhanced access there 
through. HoWever, the use of an expandable screen assembly 
is not required in keeping With the principles of the present 
invention. 

[0033] Referring additionally noW to FIG. 1C, an expand 
able tubular structure or liner assembly 36 is received Within 
the screen assembly 12. The liner assembly 36 includes 
sealing devices 38, 40, 42, 44 straddling ?oW control devices 
46, 48, 50. Note that the sealing devices 38, 40, 42, 44 are 
similar to the sealing devices 28, 30, 32, 34 in that they are 
radially expandable, but they may alternatively be conven 
tional devices, such as packers, etc. 

[0034] The How control devices 46, 48, 50 are shoWn 
schematically in FIG. 1C, and are described in further detail 
beloW. Each of the How control devices 46, 48, 50 is used to 
regulate ?uid ?oW through one of the screens 14, 16, 18. 
Production of the ?uid to the surface is accomplished 
through the liner assembly 36, and the ?uid passes inWardly 
through an in?oW area of each screen (typically, a series of 
openings 52 formed through a base pipe of each screen), 
thus, each of the How control devices 46, 48, 50 regulates 
?uid ?oW betWeen the in?oW area of one of the screens 14, 
16, 18 and the interior of the liner assembly. 

[0035] A series of sensors 11, 13, 15 is carried externally 
on the liner assembly 36. The sensors 11, 13, 15 may be any 
type of sensors, such as, temperature sensors, pressure 
sensors, Water cut sensors, ?oWmeters, etc., or any combi 
nation of sensors. The sensors 11, 13, 15 are interconnected 
by one or more lines 17, Which are preferably ?ber optic, but 
Which may be any type of line, such as hydraulic, electrical 
conductor, etc. 

[0036] If the lines 17 are ?ber optic, then the lines may 
extend to the earth’s surface, or they may terminate at a 
doWnhole junction 19. The junction 19 may be a converter 
and may transform an optical signal on the lines 17 to an 
electrical signal for transmission to a remote location. Alter 
natively, the junction 19 may be an item of equipment 
knoWn to those skilled in the art as a Wet connect or 

inductive coupling, Whereby a tool (not shoWn) conveyed on 
Wireline or another conveyance may be placed in commu 
nication With the sensors 11, 13, 15, via the lines 17. As 
another alternative, the lines 17 may enter the interior of the 
liner assembly 36 at the junction 19, and extend uphole 
through the liner assembly to a remote location. 

[0037] If the lines 17 are ?ber optic, then the lines them 
selves may be used to sense temperature doWnhole. It is Well 
knoWn that light passing through a ?ber optic line or cable 
is changed in a manner indicative of the temperature of the 
?ber optic line. 

[0038] Referring additionally noW to FIG. 1D, the liner 
assembly 36 has been expanded radially outWard, so that the 
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sealing devices 38, 40, 42, 44 are in sealing contact With the 
interior of the screen assembly 12. The sealing devices 38, 
40 straddle the screen 14, thereby constraining ?uid ?oW 
through the screen 14 to also ?oW through the ?oW control 
device 46. 

[0039] The sealing devices 40, 42 straddle the screen 16, 
thereby constraining ?uid ?oW through the screen 16 to also 
?oW through the ?oW control device 48. The sealing devices 
42, 44 straddle the screen 18, thereby constraining ?uid ?oW 
through the screen 18 to also ?oW through the ?oW control 
device 50. 

[0040] Note that the sensors 11, 13, 15, lines 17 and 
junction 19 are not shoWn in FIG. 1D. 

[0041] Referring additionally to FIG. 1E, an alternate 
con?guration of the liner assembly 36 is depicted, in Which 
only portions of the liner assembly have been radially 
expanded. In this case, the sealing devices 38, 40, 42, 44 
have been expanded into sealing contact With the screen 
assembly 12. 

[0042] This result may be accomplished by utiliZing a tool 
(described beloW) Which is capable of individually expand 
ing portions of the liner assembly 36. Alternatively, selected 
portions of the liner assembly 36 Which are desired to be 
expanded may be made less resistant to expansion than the 
remainder of the liner assembly. For example, the sealing 
devices 38, 40, 42, 44 may have a thinner cross-section, may 
be made of a more readily expandable material, may be 
initially con?gured at a larger radius, thereby producing 
greater hoop stresses, etc. In this manner, an in?ation 
pressure may be applied to the liner assembly 36 and the 
portions less resistant to expansion Will expand at a rate 
greater than the remainder of the liner assembly. A tool for 
applying an in?ation pressure to the liner assembly 36 is 
shoWn in FIGS. 3A&B and is described beloW, but it should 
be understood that such an in?ation pressure could also be 
applied directly to the liner assembly, for example, at the 
surface. 

[0043] Expansion of selected portions of the liner assem 
bly 36 may also be used to regulate ?uid ?oW through the 
screens 14, 16, 18. For example, if the ?oW control devices 
46, 48, 50 are made less resistant to radial expansion, so that 
?oW regulating portions thereof (described in further detail 
beloW) are radially compressed When the in?ation pressure 
is applied to the liner assembly 36, this compression of the 
?oW regulating portions may be used to restrict ?uid ?oW 
through the screens 14, 16, 18. The manner in Which 
compression of a ?oW regulating portion of a ?oW control 
device may be used to alter a ?oWpath thereof and thereby 
regulate ?uid ?oW therethrough is described beloW. 

[0044] Note that the sensors 11, 13, 15 may noW be used 
to individually measure characteristics of ?uid ?oW betWeen 
the respective Zones 22, 24, 26 and the interior of the liner 
assembly 36. Of course, other parameters and characteristics 
may be sensed by the sensors 11, 13, 15, Without departing 
from the principles of the present invention. 

[0045] Referring additionally noW to FIG. 2, a sWaging 
tool 54 is shoWn being displaced through a tubular structure 
56. The tubular structure 56 may be the screen assembly 12 
or the liner assembly 36 described above. As the sWaging 
tool 54 is displaced through the tubular structure 56, the 
tubular structure is radially expanded. 
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[0046] Referring additionally noW to FIGS. 3A&B, a 
tubular membrane or in?ation tool 58 is used to radially 
expand a tubular structure 60. The tubular structure 56 may 
be the screen assembly 12 or the liner assembly 36 described 
above. In FIG. 3A, the in?ation tool 58 is received Within 
the tubular structure 60, With the in?ation tool being in a 
de?ated con?guration. In FIG. 3B, the in?ation tool 58 has 
been in?ated, for example, by applying a ?uid pressure to 
the interior thereof, thereby causing the tubular structure to 
be expanded radially outWard. 
[0047] Referring additionally noW to FIG. 4, a ?oW 
control device 62 embodying principles of the present 
invention is representatively illustrated. The ?oW control 
device 62 may be used for the ?oW control devices 46, 48, 
50 in the method 10, or it may be used in other methods. As 
depicted in FIG. 4, the ?oW control device 62 is positioned 
Within a Well screen 64 of a screen assembly 66. Sealing 
devices 68, 70 constrain ?uid ?oWing inWardly through the 
screen 64 to also pass through the ?oW control device 62 
before entering an internal axial ?oW passage 72 of a tubular 
structure 74 in Which the ?oW control device is intercon 
nected. 

[0048] The ?oW control device 62 includes a ?oW regu 
lating portion 76, Which operates in response to a degree of 
compression thereof. Note that the ?oW regulating portion 
76 is positioned radially betWeen the tubular structure 74 
and the screen assembly 66. When the tubular structure 74 
is radially expanded, the ?oW regulating portion 76 is 
compressed betWeen the tubular structure and the screen 
assembly 66. Conversely, When the tubular structure 74 is 
radially retracted, the ?oW regulating portion 76 is decom 
pressed. This degree of compression of the ?oW regulating 
portion 76 is used to control the rate of ?uid ?oW betWeen 
the in?oW area 78 of the screen 64 and openings 80 formed 
through a sideWall of the ?oW control device 62. 

[0049] Referring additionally to FIGS. 5A&B, the man 
ner in Which the ?oW regulating portion 76 controls the rate 
of ?uid ?oW therethrough is representatively illustrated. 
Note that the ?oW regulating portion 76 includes multiple 
longitudinal ?oWpaths or channels 82 formed betWeen cir 
cumferentially distributed longitudinal strips 84 of sealing 
material. 

[0050] In addition, the ?oW regulating portion 76 includes 
a semicircular longitudinal channel 81 in Which lines 83 are 
received. The lines 83 may be similar to the lines 17 in the 
method 10 described above. In this manner, the lines 83 may 
be easily and conveniently attached to the exterior of the 
tubular structure 74 While it is being run into the Well. That 
is, the lines 83 are snapped into the longitudinal channel 81 
as the tubular structure 74 is loWered into the Well. 

[0051] As depicted in FIG. 5A, the tubular structure 74 
has been radially expanded suf?ciently for the strips 84 of 
sealing material to contact the interior of the screen assem 
bly 66. FloW area for ?uid ?oW betWeen the screen in?oW 
area 78 and the openings 80 is provided by the channels 82. 

[0052] As depicted in FIG. 5B, the tubular structure 74 
has been further radially expanded. The sealing material has 
been compressed betWeen the tubular structure 74 and the 
screen assembly 66, so that the channels 82 are noW reduced 
in height and Width, thereby reducing the ?oW area there 
through. Still further expansion of the tubular structure 74 
may completely close off the channels 82, thereby prevent 
ing ?uid ?oW therethrough. 
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[0053] Note that the lines 83 remain in the channel 81 and 
do not affect, or only minimally affect, the amount of ?oW 
area through the channels 82. No ?uid ?oW is permitted 
through the channel 81 due to the compression of the strip 
84 of sealing material on Which the channel is formed. As 
depicted in FIG. 5B, the lines 83 are compressed in the 
channel 81 betWeen the sealing material and the screen 
assembly 66. Of course, the lines 83 could be sealingly 
installed in the channel 81 initially, if desired, in Which case 
compression of the strip 84 of sealing material may not be 
used to seal the lines 83 in the channel 81. 

[0054] Alternatively, the tubular structure 74 may be radi 
ally retracted from its con?guration as shoWn in FIG. SE to 
its con?guration as shoWn in FIG. 5A. In this manner, 
restriction to ?uid ?oW through the ?oW regulating portion 
76 may be decreased if it is desired to increase the rate of 
?uid ?oW through the screen 64. 

[0055] It Will, thus, be readily appreciated that the ?oW 
control device 62 provides a convenient means of regulating 
?uid ?oW through the Well screen 64. Expansion of the 
tubular structure 74 restricts, or ultimately prevents, ?uid 
?oW through the channels 82, and retraction of the tubular 
structure decreases the restriction to ?uid ?oW through the 
channels, thereby increasing the rate of ?uid ?oW through 
the screen 64. 

[0056] Referring additionally noW to FIG. 6, a tool 86 
Which may be used to expand selected portions of the tubular 
structure 74 is representatively illustrated received Within 
the ?oW control device 62. The tool 86 may be used to 
expand the sealing devices 68, 70 into sealing contact With 
the screen assembly 66, may be used in the method 10 to 
expand portions of the liner assembly 36, etc. 
[0057] The tool 86 includes a set of axially spaced apart 
seals 88, such as cup seals, and a tubular housing go. The 
tool 86 may be conveyed on a coiled tubing string 94 or 
other type of tubular string. Pressure is applied to the tubing 
string 94 to cause an expansion portion 96 of the tool 86 to 
expand, thereby expanding a portion of the tubular structure 
74 opposite the expansion portion of the tool. Note that it is 
not necessary for the tool 86 to be conveyed on the tubing 
string 94, since pressure for expansion of the tubular struc 
ture 74 may be delivered by a doWnhole pump conveyed on 
Wireline, etc. 
[0058] In conjunction With use of the tool 86 to expand 
portions of the tubular structure 74, the seals 88 and open 
ings 92 in the housing go are used to monitor ?uid ?oW 
through the screen 64. Speci?cally, When it is desired to 
monitor ?uid ?oW through the screen 64, the seals 88 are 
positioned straddling the openings 80. Fluid ?oWing 
inWardly through the openings 80 betWeen the seals 88 is 
thus constrained to ?oW inWardly through the openings 92 
and into the tool 86. 

[0059] The tool 86 includes a check valve or ?oat valve 98 
and a sensor 100. The check valve 98 prevents ?uid pressure 
applied to the tool 86 to expand the expansion portion 96 
from being transmitted through the openings 92 to the area 
betWeen the seals 88. The sensor 100 is used to indicate a 
parameter of the ?uid ?oWing through the tool 86. For 
example, the sensor 100 is schematically represented in 
FIG. 6 as a ?oWmeter, but it is to be clearly understood that 
the sensor may sense temperature, pressure, Water cut, etc., 
or any other parameter of the ?uid in addition to, or instead 
of, the ?oW rate. 
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[0060] In operation, the tool 86 is conveyed into the 
tubular structure 74 and positioned so that the expansion 
portion 96 is opposite the portion of the tubular structure to 
be expanded. As depicted in FIG. 6, the expansion portion 
96 is positioned opposite the ?oW regulating portion 76 of 
the ?oW control device 62. Pressure is applied to the tubular 
string 94, causing the expansion portion 96 to expand 
radially outWard, and thereby causing the expansion portion 
to contact and radially expand the tubular structure 74. As 
depicted in FIG. 6, radial expansion of the expansion 
portion 96 Would cause radial compression of the ?oW 
regulating portion 76, thereby increasing the restriction to 
?uid ?oW therethrough. 

[0061] The effectiveness of this operation may be veri?ed 
by repositioning the tool 86 so that the seals 88 straddle the 
openings 80. Fluid ?oWing inWardly through the openings 
80 Will ?oW into the openings 92, and parameters, such as 
?oW rate, may be measured by the sensor 100. If the ?oW 
rate is too high, the tool 86 may again be repositioned so that 
the expansion portion 96 is opposite the ?oW regulating 
portion 76 and the operation may be repeated until the 
desired ?oW rate is achieved. Note that a bypass passage 101 
may be provided in the tool 86, so that production from the 
Well beloW the ?oW control device 62 may be continued 
during the expansion and ?oW rate measuring operations. 

[0062] It Will be readily appreciated that the tool 86 
provides a convenient and effective means for individually 
adjusting the rate of ?uid ?oW through Well screens doWn 
hole. This result is accomplished merely by conveying the 
tool 86 into the tubular structure 74, positioning it opposite 
the structure to be expanded, applying pressure to the tool, 
and repositioning the tool to verify that the ?oW rate is as 
desired. While the ?uid ?oW rate is being adjusted and 
veri?ed, the bypass passage 101 permits production from the 
Well beloW the tool 86 to continue. 

[0063] Referring additionally noW to FIG. 7, an enlarged 
scale cross-sectional vieW of the expansion portion 96 of the 
tool 86 is representatively illustrated. The expansion portion 
96 includes an annular-shaped resilient member 102 carried 
on a generally tubular mandrel 104. A piston 106 is also 
carried on the mandrel 104. 

[0064] The piston 106 is in ?uid communication With an 
internal ?uid passage 107 of the mandrel 104 by means of 
openings 108 formed through a sideWall of the mandrel. 
Pressure applied internally to the tubing string 94 is com 
municated to the passage 107 and is, thus, applied to the 
piston 106, biasing the piston doWnWardly and thereby 
axially compressing the member 102. When the member 102 
is axially compressed, it also expands radially outWard. Such 
radially outWard expansion of the member 102 may be used 
to radially expand portions of the tubular structure 74 as 
described above. 

[0065] Note that the tool 86 may be used to individually 
regulate ?uid ?oW through multiple Well screens. For 
example, in the method 10 as depicted in FIG. 1E, the tool 
86 may be used to expand the ?oW control devices 46, 48, 
50 so that a ?oW rate through the screen 18 is less than a ?oW 
rate through the screen 16, and the ?oW rate through the 
screen 16 is less than a ?oW rate through the screen 14. This 
result may be accomplished merely by using the tool 86 to 
expand a ?oW regulating portion of the ?oW control device 
50 more than expansion of a ?oW regulating portion of the 



US 2003/0000709 A1 

?oW control device 48, and to expand the ?oW regulating 
portion of the ?oW control device 48 more than expansion of 
a ?oW regulating portion of the ?oW control device 46. Thus, 
the ?oW rate through each of the screens 14, 16, 18 may be 
individually controlled using the tool 86. 

[0066] Referring additionally noW to FIG. 8, an alternate 
con?guration of a ?oW control device 110 embodying prin 
ciples of the present invention is representatively illustrated. 
The ?oW control device 110 is similar in many respects to 
the ?oW control device 62 described above, and it is depicted 
in FIG. 8 received Within the screen assembly 66 shoWn in 
FIG. 4. Portions of the ?oW control device 110 Which are 
similar to those of the ?oW control device 62 are indicated 
in FIG. 8 using the same reference numbers. 

[0067] The ?oW control device 110 differs from the ?oW 
control device 62 in part in that the ?oW control device 110 
has the openings 80 axially separated from the ?oW regu 
lating portion 76. Thus, as vieWed in FIGS. 5A&B, the 
openings 80 of the ?oW control device 110 are not located 
at the bottoms of the channels 82 but are instead positioned 
betWeen the ?oW regulating portion 76 and the sealing 
device 68. 

[0068] Referring additionally noW to FIG. 9, a ?oW 
regulating portion 112 Which may be used for the ?oW 
regulating portion 76 in the ?oW control device 62 or 110 is 
representatively illustrated. The ?oW regulating portion 112 
includes channels 114 formed thereon in sealing material 
116. The channels 114 undulate, so that they are at some 
points more restrictive to ?uid ?oW therethrough than at 
other points. This channel con?guration may provide a 
desired restriction to ?oW through the ?oW regulating por 
tion 112 When the material 116 is radially compressed. 

[0069] Aplug 118 may be installed in one or more of the 
channels 114 to further restrict ?uid ?oW through the ?oW 
regulating portion 112. In this manner, the ?oW regulating 
portion 112 may be set up before it is installed, based on 
information about the particular Zone from Which ?uid Will 
be produced through the ?oW regulating portion, to provide 
a desired range of ?oW restriction. This is readily accom 
plished by selecting a number of the channels 114 in Which 
to install the plugs 118. 

[0070] Referring additionally noW to FIG. 10, another 
alternate con?guration of a ?oW regulating portion 120 is 
representatively illustrated. The ?oW regulating portion 120 
has channels 122 formed thereon, Which folloW tortuous 
paths across the ?oW regulating portion. The tortuous shape 
of the channels 122 provides restriction to ?uid ?oW through 
the channels. One or more of the channels 122 may be 
plugged, if desired, to provide further restriction to ?oW, for 
example, by using one or more of the plugs 118 as described 
above. 

[0071] The channels 122, 114, 82 have been described 
above as if they are formed With an open side facing 
outWardly on the ?oW regulating portions 76, 112, 120. 
HoWever, it is to be clearly understood that the channels 122, 
114, 82 may be otherWise-shaped and may be differently 
positioned on the ?oW regulating portions 76, 112, 120, 
Without departing from the principles of the present inven 
tion. For example, the channels 122, 114, 82 could be 
formed internally in the ?oW regulating portions 76, 112, 
120, the channels could have circular cross-sections, etc. 
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[0072] Referring additionally noW to FIGS. 11A&B, a 
tool 126 used to radially retract portions of a tubular 
structure 128 is representatively illustrated. The tool 126 is 
preferably conveyed on a tubular string 130, such as a coiled 
tubing string, but it could also be conveyed by Wireline or 
any other conveyance. 

[0073] The tool 126 is inserted into the tubular structure 
128 and seals 131 carried externally on the tool are posi 
tioned straddling a portion 132 of the tubular structure to be 
retracted. In the example depicted in FIGS. 11A&B, the 
portion 132 corresponds to a ?oW regulating portion 134 of 
a ?oW control device 136. Pressure is then applied to the tool 
126, Which causes a pressure decrease to be applied in the 
area betWeen the seals 131. 

[0074] The tool 126 includes a piston 138 reciprocably 
received Within a generally tubular outer housing 140 of the 
tool. Openings 142 are formed through the piston 138 and 
provide ?uid communication With an axial passage 144, 
Which is in ?uid communication With the interior of the 
tubing string 130. Openings 146 are formed through the 
housing 140, providing ?uid communication With the exte 
rior thereof. 

[0075] When pressure is applied to the passage 144 via the 
tubing string 130, the differential betWeen the pressure in the 
passage and the pressure external to the housing 140 causes 
the piston 138 to displace upWardly, thereby creating a 
pressure decrease in the area betWeen the seals 131. This 
creates a pressure differential across the portion 132 of the 
tubular structure 128, causing the portion 132 to radially 
retract inWardly toWard the tool 126. Thus, the piston 138 
and associated bores of the housing 140 in Which the piston 
is sealingly engaged are a pressure generator for producing 
a decreased pressure betWeen the seals 131. 

[0076] Referring speci?cally noW to FIG. 11B, the tool 
126 and tubular structure 128 are depicted after the portion 
132 has been radially retracted. Note that the ?oW regulating 
portion 134 is decompressed as compared to that shoWn in 
FIG. 11A and, therefore, ?oW therethrough should be less 
restricted. Abypass passage 147 permits production of ?uids 
from the Well beloW the tool 126 during use of the tool, since 
the bypass passage interconnects the Well beloW the tool 
With an annulus 149 formed betWeen the tool and the tubular 
structure 128 above the seals 131. 

[0077] Referring additionally noW to FIG. 12, an alternate 
con?guration of the retraction tool 126 is representatively 
illustrated. Only a loWer portion of the alternately con?g 
ured retraction tool 126 is shoWn in FIG. 12, it being 
understood that the remainder of the tool is similar to that 
described above in relation to FIGS. 11A&B. 

[0078] The alternately con?gured retraction tool 126 dif 
fers substantially from the retraction tool depicted in FIGS. 
11A&B in that, instead of the seals 131, the retraction tool 
depicted in FIG. 12 includes tWo annular pistons 150 
sealingly and reciprocably disposed on the housing 140. The 
pistons 150 have seals 152 carried externally thereon for 
sealing engagement straddling the portion 132 of the tubular 
structure 128 to be retracted. 

[0079] Additionally, a series of annular stop members 154 
are positioned betWeen the pistons 150. Each of the stop 
members 154 is generally C-shaped, so that the stop mem 
bers may be radially expanded as depicted in FIG. 12. When 
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radially expanded, the stop members 154 are inherently 
biased radially inWardly, due to the resiliency of the material 
(e.g., steel) from Which they are made. 

[0080] The stop members 154 are radially expanded When 
the pistons 150 displace toWard each other and the stop 
members are “squeezed” betWeen the pistons and Wedge 
members 156 positioned betWeen the stop members. The 
pistons 150 and Wedge members 156 have inclined surfaces 
formed thereon so that, When the pistons displace toWard 
each other, the stop members 154 are radially expanded. 

[0081] The pistons 150 are made to displace toWard each 
other When the piston 138 displaces upWardly as described 
above, that is, When ?uid pressure is applied to the passage 
144. It Will be readily appreciated that a reduced pressure in 
the area betWeen the pistons 150 (due to upWard displace 
ment of the piston 138) Will bias the pistons 150 toWard each 
other. When ?uid pressure is released from the passage 144, 
the pistons 150 are no longer biased toWard each other, and 
the resiliency of the stop members 154 Will bias the pistons 
150 to displace aWay from each other, thereby permitting the 
stop members to radially retract. 

[0082] As depicted in FIG. 12, the piston 138 has dis 
placed upWardly, thereby creating a reduced pressure in the 
area betWeen the pistons 150. The pistons 150 have dis 
placed toWard each other, and the portion 132 of the tubular 
structure 128 has radially retracted, in response to the 
reduced pressure. The stop members 154 have been radially 
expanded in response to the displacement of the pistons 150 
and serve to prevent further radial retraction of the portion 
132. 

[0083] Thus, the stop members 154 are useful in limiting 
the radial retraction of the portion 132. For example, the stop 
members 154 may be dimensioned to prevent the portion 
132 from being radially retracted to such an extent that it 
prevents retrieval of the tool 126, or the stop members 154 
may be dimensioned to cause the portion 132 to radially 
retract to a certain position, so that the ?oW regulating 
portion 134 provides a desired restriction to ?oW there 
through. 
[0084] Referring additionally noW to FIG. 13, a tool 160 
used to radially extend portions of a tubular structure 162 is 
representatively illustrated. The tool 160 is preferably con 
veyed on a tubular string 164, such as a coiled tubing string, 
but it could also be conveyed by Wireline or any other 
conveyance. 

[0085] The tool 160 is inserted into the tubular structure 
162 and seals 166 carried externally on the tool are posi 
tioned straddling a portion 168 of the tubular structure to be 
extended. In the example depicted in FIG. 13, the portion 
168 corresponds to a ?oW regulating portion 170 of a ?oW 
control device 172. Pressure is then applied to the tool 160, 
Which causes a pressure increase to be applied in the area 
betWeen the seals 166. 

[0086] The tool 160 includes a piston 174 reciprocably 
received Within a generally tubular outer housing 176 of the 
tool. Openings 178 are formed through the piston 174 and 
provide ?uid communication With an axial passage 180, 
Which is in ?uid communication With the interior of the 
tubing string 164. Openings 182 are formed through the 
housing 176, providing ?uid communication With the exte 
rior thereof. 
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[0087] When pressure is applied to the passage 180 via the 
tubing string 164, the differential betWeen the pressure in the 
passage and the pressure external to the housing 176 causes 
the piston 174 to displace doWnWardly against an upWardly 
biasing force exerted by a spring or other bias member 184, 
thereby creating a pressure increase in the area betWeen the 
seals 166. Due to multiple differential areas formed on the 
piston 174 and housing 176, the pressure betWeen the seals 
166 is greater than the pressure in the passage 180, although 
the use of multiple differential areas and a pressure betWeen 
the seals greater than pressure in the passage is not necessary 
in keeping With the principles of the present invention. The 
piston 174 and the bores of the housing 176 in Which the 
piston is sealingly received, thus, form a pressure generator 
for producing an increased pressure betWeen the seals 166. 

[0088] This pressure increase betWeen the seals 166 cre 
ates a pressure differential across the portion 168 of the 
tubular structure 162, causing the portion 168 to radially 
extend outWardly aWay from the tool 160. Such outWard 
extension of the portion 168 may be used to decrease a rate 
of ?uid ?oW through the ?oW regulating portion 170. 

[0089] When the ?uid pressure is released from the pas 
sage 180, the spring 184 displaces the piston 174 upWard, 
and the tool 160 is ready to radially extend another portion 
of the tubular structure 162, for example, to regulate ?oW 
through another ?oW control device, etc. Alternatively, ?uid 
?oW through the ?oW regulating portion 170 may be 
checked after the portion 168 is extended, for example, 
utiliZing the seals 88, housing go and sensor 100 as 
described above for the tool 86 depicted in FIG. 6, and the 
portion 168 may be further extended by applying further 
?uid pressure to the passage 180, if needed to further reduce 
?uid ?oW through the ?oW regulating portion. A bypass 
passage 186 permits production of ?uid from the Well beloW 
the tool 160 during the use of the tool. 

[0090] Referring additionally noW to FIG. 14, another 
method 190 embodying principles of the present invention is 
representatively illustrated. The method 190 is similar in 
many respects to the method 10 described above. HoWever, 
the method 190 is performed in a Wellbore 192 lined With 
protective casing 194, and Well screens are not utiliZed. 
Instead, ?uid ?oW from a formation or Zone 196 intersected 
by the Wellbore 192 enters perforations 198 formed through 
the casing 194 and passes through a ?oW control device 200 
interconnected betWeen sealing devices 202 in a liner assem 
bly 204. In the method 190, the perforations 198 are analo 
gous to the in?oW area (the openings 52) of the each of the 
Well screens 14, 16, 18 in the method 10. 

[0091] The sealing devices 202 may be similar to any of 
the sealing devices 28, 30, 32, 34, 38, 40, 42, 44, 68, 70 
described above. The ?oW control device 200 may be similar 
to any of the ?oW control devices 46, 48, 50, 62, 110, 136, 
172 described above. 

[0092] In the method 190, the liner assembly 204 is 
conveyed into the Wellbore 192 and positioned so that the 
sealing devices 202 straddle the perforations 198. The liner 
assembly 204 is expanded radially outWard as described 
above for the liner assembly 36. Substantially all of the liner 
assembly 204 may be expanded, or only portions thereof 
(such as the sealing devices 202) may be expanded. For 
example, selected portions of the liner assembly 204 may be 
con?gured so that they are less resistant to extension thereof 










