
;e3eddLvn06fTxg21 JAN 2003 -1 *~2* EXPANDABLE WELL SCREEN BACKGROUND OF THE
INVENTION *166166* The present invention relates generally to operations
performed, and equipment' utilized, in conjunction with a subterranean well
and, in an embodiment described herein, more particularly provides an
expandable well screen. It is useful in some circumstances to be able to
convey generally tubular  equipment into a subterranean well, position the
equipment within a wellbore of the well, and then outwardly expand the
equipment in the wellbore. For example) a restriction in the wellbore may
prevent the equipment in its expanded configuration from passing through
that part of the wellbore, but the equipment may pass through the
restriction in its retracted configuration. In one application of this
principle, it is known to use expandable well screens in wellbores. An
example of the potential usefulness of expandable equipment in a wellbore
is where the wellboreintersects a productive, relatively unconsolidated,
formation. It would be desirable in many situations to be able to utilize a
well screen to filter production from the formation, while foregoing the
expense of cementing casing in the wellbore and performing a gravel packing
operation. Unfortunately, without any radial support the unconsolidated
formation would likely collapse into the wellbore, causing additional
expense and loss of revenue. Conventional nonexpandable well screens must
necessarily be smaller than the wellbore in order to be conveyed
therethrough, and so they are incapable of providing any radial support for
an unconsolidated formation. Conventional expandable well screens are not
designed for contacting and providing radial support for a formation, and
so are unsuited for this purpose.   2 ~ JAN 20Q3 -2 Therefore, it can be
seen that it would be quite desirable to provide an expandable well screen
which may be used for contacting and providing radial support for a
formation intersected by a wellboreIt would also be desirable to provide an
expandable well screen having enhanced torsional and tensile strength. It
is accordingly an object of the present invention to provide such an
expandable well screen. SUMMARY OF THE INVENTION In carrying out the
principles of the present invention, in accordance with an 



embodiment thereof, an expandable well screen is provided. When radially
extended downhole) the well screen may be used to support an unconsolidated
formation. Of course, the well screen may also be used in situations in
which a formation is not supported by the screen. Additionally, an
expandable well screen having enhanced torsional and tensile strength is
provided. In one aspect of the present invention, an expandable well screen
includes a generally tubular base pipe with a series of rows of holes
formed through a sidewall of the base pipe, and a filtering media disposed
externally on the base pipe. The holes of each row interconnect with each
other, forming a larger opening, when the base pipe is expanded radially
outward. In another aspect of the present invention, an expandable well
screen is provided which includes a generally tubular base pipe with a
series of holes formed through a sidewall of the base pipe, and a filtering
media disposed externally on the base pipe. The holes are distributed
helically relative to a longitudinal axis of the base pipe. When the base
pipe is expanded radially outward) each of the holes is compressed in the
direction of the base pipe longitudinal axis.   2 i JAS 200 -3 In still
another aspect of the present invention, an expandable well screen is
provided which includes a generally tubular base pipe and an elongated
strip of filtering media wrapped helically about the base pipe. The
filtering media may be wrapped in multiple wraps about the base pipe, with
a connection formed between adjacent wraps. The connection may be a welded
seam between the wraps, or it may include a connector between the wraps. If
a connector is used, various types of lines (electric, hydraulic,
communication, chemical injection, etc.) may be positioned adjacent the
connector. In yet another aspect of the present invention) an expandable
well screen is provided which includes a generally tubular base pipe with
alternating filtering media strips and expansion strips circumferentially
distributed about the base pipe. The filtering media strips and expansion
strips are connected to each other so that, when the base pipe is expanded
radially outward, the expansion strips lengthen circumferentially, thereby
increasing the circumferential separation between the filtering media
strips. In a further aspect of the present invention, an expandable well
screen is provided which includes a generally tubular base pipe and a
generally tubular filtering media outwardly overlying the base pipe. The
filtering media includes expansion portions which permit circumferential
lengthening of the filtering media. The expansion portions may be
longitudinally extending corrugations formed on the filtering media. The
screen may include longitudinally extending ribs positioned between the
base pipe and the filtering media, and at least one of the ribs may be
positioned between the base pipe and one of the expansion portions. One or
more of the ribs may be substantially hollow and may have various lines
(electrical,   



2 ~ JAN 203 -4 hydraulic, communication, chemical injection, etc.)
extending therethrough. The filtering media may include a series of
circumferentially extending and helically arranged slots, with a width of
each slot decreasing when the base pipe is expanded radially outward. In a
still further aspect of the present invention, an expandable well screen is
provided which includes a generally tubular base pipe, a filtering media
outwardly overlying the base pipe, a series of ribs disposed externally
relative to the filtering media and a generally tubular protective shroud
outwardly overlying the ribs. An expansion strip may be connected to
opposite circumferential ends of the filtering media, with the expansion
strip elongating circumferentially when the base pipe is radially outwardly
expanded, or the filtering media may have longitudinal corrugations formed
thereon which at least partially straighten when the base pipe is radially
outwardly expanded. The filtering media in the above expandable well
screens may include a layer of relatively fine filtering material
sandwiched between layers of relatively coarse filtering material. The
relatively fine filtering material may be a sintered woven filtering
material. If the filtering media includes a woven material, the material
may have strands thereof which are arranged helically relative to the base
pipe longitudinal axis. These and other features, advantages, benefits 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.   2 1 JAS 2Q3 -5 BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1 A & 1 B are schematic views of a method embodying principles of the
present invention; FIG. 2 is an enlarged scale partially cross-sectional
and partially elevational view of a first expandable well screen embodying
principles of the present invention; FIGS. 3A & 3B are elevational views of
a base pipe of the first well screen; FIGS. 4A & 4B are elevational views
of an alternate base pipe of the first well screen; FIG. 5 is an
elevational view of a second expandable well screen embodying 



principles of the present invention; FIG. 6 is an enlarged scale view of a
portion of the second well screen; FIG. 7 is an enlarged scale view of an
alternate configuration of the portion of the second well screen; FIGS. 8A
& 8B are cross-sectional views of a third expandable well screen embodying
principles of the present invention; FIGS. 9A & 9B are cross-sectional
views of a fourth expandable well screen embodying principles of the
present invention; FIGS. 10A & 10B are cross-sectional views of a fifth
expandable well screen embodying principles of the present invention; FIG.
11 is an elevational view of a sixth expandable well screen embodying
principles of the present invention; FIG. 12 is a cross-sectional view of
the sixth expandable well screen, taken along line 12-12 of FIG. 11;   2 1
JAN 200 -6 FIG. 13 is a cross-sectional view of a seventh expandable well
screen embodying principles of the present invention; FIG. 14 is a
cross-sectional view of an eighth expandable well screen embodying
principles of the present invention; FIG. 15 is an elevational view of a
ninth expandable well screen embodying principles of the present invention;
FIG. 16 is a cross-sectional view of the ninth well screen, taken along
line 16 16 of FIG. 15; FIG. 17 is an enlarged scale cross-sectional view of
the ninth well screen, taken along line 17-17 of FIG. 15; and FIG. 18 is an
enlarged scale view of a portion of the ninth well screen. DETAILED
DESCRIPTION Representatively illustrated in FIGS. 1A & B is a method 10
which embodies principles of the present invention. 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 configurations, without departing from the principles of the
present invention. Referring initially to FIG. 1A, in the method 10, a
screen assembly 12 including multiple expandable well screens 14, 16, 18 is
conveyed into a wellbore20. The wellbore 20 intersects multiple formations
or zones 22, 24, 26 from which it is  



z 1 ~aN 2~~3  desired to produce fluids. The screens 14, 16, 18 are
positioned opposite respective ones of the zones 22, 24, 26. The wellbore20
is depicted in FIGS. 1A & B 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 & B may represent multiple screens. 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. Referring additionally now to FIG. 1 B, 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.   2 ~ JAS 2a3 _8_
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,
preventing the formations or zones 22, 24, 26 from collapsing into the
wellbore, etc. However, this contact is not necessary in keeping with the
principles of the present invention. The use of an expandable screen
assembly 12 has several additional benefits. For example, the radially
reduced configuration shown in FIG. 1 A may be advantageous for passing
through a restriction uphole, and the radially expanded configuration shown
in FIG. 1 B may be advantageous for providing a large flow area and
enhanced access therethrough. However, the expandable screen assembly 12
must have sufficient torsional and tensile strength so that it is not
damaged while being conveyed and positioned in the wellbore 20 and, if the
screens 14, 16, 18 are to be expanded into contact with the zones 22, 24,
26 for radial support thereof, the screens must have sufficient collapse
resistance. 



Referring additionally now to FIG. 2, an expandable well screen 36
embodying principles of the present invention is representatively
illustrated. The well screen 36 may be used for one or more of the well
screens 14, 16, 18 in the method 10. However, it is to be clearly
understood that the well screen 36 may be utilized in any other method
without departing from the principles of the present invention. The well
screen 36 includes a generally tubular base pipe 38, a filtering media 40
outwardly overlying the base pipe, and a generally tubular protective outer
shroud 42 outwardly overlying the filtering media. The shroud 42 has
openings 44 formed through a sidewall thereof to admit fluid into the well
screen 36. The fluid is filtered   21 JAN 2003 -9 by passing inwardly
through the filtering media 40. The fluid then flows inwardly through
openings 46 formed through a sidewall of the base pipe 38. The well screen
36 may be radially expanded utilizing any of various methods. For example,
a swage may be passed through the base pipe 38, fluid pressure may be
applied to a membrane positioned within the base pipe, etc. Thus, any
method of expanding the well screen 36 may be used, without departing from
the principles of the present invention. The shroud 42 protects the
filtering media 40 from damage while the well screen 36 is being conveyed
and positioned in a well. Additionally, if the well screen 36 is used in a
method, such as the method 10 described above, wherein the well screen is
expanded into radial contact with a wellbore, the shroud 42 also protects
the filtering media 40 from damage due to such contact, and provides radial
support to prevent collapse of the wellbore. Thus, the shroud 42 is
preferably constructed of a durable, deformable, high strength material,
such as steel, although other materials may be used in keeping with the
principles of the present invention. It will be readily appreciated that,
when the base pipe 38 is expanded radially outward, the filtering media 40
will be radially compressed between the shroud 42 and the base pipe.
Because of differential expansion between the base pipe 38 and the shroud
42, it may be difficult or otherwise undesirable to maintain alignment
between the openings 44 in the shroud and the openings 46 in the base pipe.
This lack of alignment between the openings 44, 46 and compression of the
filtering media 40 between the shroud 42 and the base pipe 38 could
severely restrict the flow of fluid into the well screen 36. However, the
filtering media 40 includes features which completely or substantially
eliminate this potential problem.  



2 ~ JAN ~~0~ -10 Specifically, the filtering media 40 includes three layers
of filtering material - an outer relatively coarse layer 48, a middle
relatively fine layer 50, and an inner relatively coarse layer 52. The
terms "fine" and "coarse" are used herein to indicate the relative size of
particles permitted to pass through the filter layers 48, 50, 52. That is,
the middle layer 50 filters fine or small-sized particles from fluid
passing therethrough, while the inner and outer layers 48, 52 filter coarse
or larger-sized particles from fluid passing therethrough. However, the
inner and outer layers 48, 52 are not necessarily used for their filtering
properties, although at least the outer layer 48 will filter larger-sized
particles from fluid flowing into the well screen 36. Instead, they are
used primarily to provide for flow between the openings 44, 46 after the
base pipe 38 is expanded. For example, if the filter layers 48, 52 are made
of a relatively coarse woven material as depicted in FIG. 2, fluid may flow
transversely through the layers between the shroud 42 and the base pipe 38.
Thus, fluid may flow into one of the openings 44, flow transversely through
the outer filter layer 48, flow inwardly through the middle filter layer
50, flow transversely through the inner filter layer 52 to one of the
openings 46, and then flow inwardly through the opening 46. Therefore, even
if the filtering media 40 is radially compressed between the shroud 42 and
the base pipe 38, and the openings 44 are not aligned with the openings 46,
fluid may still flow relatively unimpeded through the filtering media
(other than the resistance to flow due to the relatively fine middle filter
layer 50). Another method of providing for transverse fluid flow between
the shroud 42 and the base pipe 38 is to form grooves or recesses 55
internally on the shroud   21 JAN 2003 -11 and/or grooves or recesses 57
externally on the base pipe. In this manner, either or both of the filter
layers 48, 52 may be eliminated from the filtering media 40. Preferably the
filter layers 48, 50, 52 are each made of a woven metal material, with
strands thereof sintered to each other and oriented helically relative to a
longitudinal axis 54 of the base pipe 38. Sintering of the strands improves
the strength of the filter layers 48, 50, 52 while maintaining consistency
in the spacing between the strands when the layers are radially outwardly
expanded. Orienting the strands helically relative to the base pipe axis 54
aids in preventing distortion of the 



filter layers 48, 50) 52 when the layers are radially outwardly expanded.
However, it is to be clearly understood that it is not necessary in keeping
with the principles of the present invention for the filtering media 40 to
be made up of multiple layers 48, 50, 52 of woven material having sintered
strands oriented helically relative to the base pipe axis 54, since other
types of filtering media may be used in the well screen 36. Note that the
filtering media 40 may be stretched circumferentially when the well screen
36 is radially outwardly expanded. Preferably, this stretching of the
filtering media 40 results in a change of less than fifty percent in the
size of the openings for fluid flow through each of the layers 48, 50, 52.
Additionally, it is preferred that the maximum size of the openings for
fluid flow through the one of the layers 48, 50, 52 having the smallest
mesh (i.e, the layer filtering the smallest particles from the fluid
flowing therethrough) is 500.m. Thus, after the well screen 36 is radially
outwardly expanded, the filtering media 40 preferably filters particles
having a size of greater than 500m from the fluid flowing therethrough.   2
~ JAN 2003 -12 Referring additionally now to FIGS. 3A & B, an elevational
view of a portion of the base pipe 38 is representatively illustrated apart
from the remainder of the well screen 36. The portion of the base pipe 38
illustrated in FIGS. 3A & B is shown as if the base pipe were "unrolled" or
flattened from its normal tubular form. FIG. 3A shows the portion of the
base pipe 38 prior to radial expansion of the base pipe, and FIG. 3B shows
the portion of the base pipe after it has been radially expanded. In FIG.
3A it may be seen that the openings 46 are arranged helically on the base
pipe 38 relative to the longitudinal axis 54. This arrangement of the
openings 46 provides good hoop strength in the base pipe 38 and provides
support for the filtering media 40. In FIG. 3B, it may be seen that the
openings 46 are axially compressed when the base pipe 38 is radially
extended. Some axial shortening of the base pipe 38 occurs when it is
radially outwardly extended. The helical arrangement of the openings 46
relative to the base pipe longitudinal axis 54 may increase the axial
shortening of the base pipe 38 while providing enhanced control over the
final expanded size of the well screen 36. Referring additionally now to
FIGS. 4A & B, the portion of the base pipe 38 is again illustrated in
"unrolled" form, with FIG. 4A showing the portion of the base pipe prior to
radial expansion of the base pipe, and FIG. 4B showing the portion of the
base pipe after the base pipe has been radially expanded. FIGS. 4A & B
depict an alternate configuration of the base pipe 38 in which the openings
46 are replaced by multiple series of rows 56 of holes 58.   21 JA N 2003
_13_ 



The series of rows 56 are arranged helically on the base pipe 38 relative
to the longitudinal axis 54, with each row extending parallel to the
longitudinal axis 54. The holes 58 of each row 56 are arranged along a
straight line. However, it should be clear that this helical arrangement of
the series of rows 56 relative to the axis 54, the parallel relationship
between each row and the axis, and the linear arrangement of the holes 58
within each row may be changed, without departing from the principles of
the present invention. By substituting the smaller holes 58 for the
openings 46, the torsional and tensile strength of the base pipe 38 is
enhanced. When the base pipe 38 is expanded as depicted in FIG. 4B, the
holes 58 of each row 56 interconnect with each other to form larger
openings. Thus, a desired final flow area through the sidewall of the base
pipe 38 may be achieved after the base pipe is radially expanded, even
though the desired flow area is not present before the base pipe is
expanded. The helical arrangement of the series of rows 56 may also
increase the axial shortening of the base pipe 38 while providing enhanced
control over the final expanded size of the well screen 36. Referring
additionally now to FIG. 5, another well screen 60 embodying principles of
the present invention is representatively illustrated. The well screen 60
may be used in the method 10 described above, or it may be used in any
other method, without departing from the principles of the present
invention. The well screen 60 includes a generally tubular base pipe 62
having a longitudinal axis 64, an elongated strip of filtering media 66
outwardly overlying the base pipe, and generally tubular transition members
68 used for attaching the filtering media to the base pipe. Although not
shown in FIG. 5, the well screen 60   21 JAN 2003 _14_ may also include a
generally tubular outer shroud outwardly overlying the filtering media 66.
The filtering media 66 may be made of a similar material and may have
similar layers of filtering material as the filtering media 40 described
above. As depicted in FIG. 5, strands of the filtering material are
oriented helically relative to the base pipe longitudinal axis 64. The
filtering media 66 is itself wrapped helically about the base pipe 62 in
multiple wraps. As with the filtering media 40 described above, the
filtering media 66 is circumferentially stretched when the well screen 60
is radially expanded. Preferably, the openings for fluid flow through the
filtering media 66 change in size less than fifty 



percent, and the filtering media filters particles having a size greater
500.m from the fluid flowing through the filtering media, when the well
screen 60 is radially expanded. Referring additionally now to FIG. 6, an
enlarged view of a portion of the well screen 60 (indicated by the
encircled area designated by the reference number 6 in FIG. 5) is
representatively illustrated. In this view a connection between adjacent
wraps of the filtering media 66 may be seen. Specifically, the connection
is a welded seam 70 between the filtering media 66 wraps. The seam 70
extends helically about the base pipe longitudinal axis 64. Referring
additionally now to FIG. 7, an alternate connection between adjacent wraps
of the filtering media 66 may be seen. Instead of welding the filtering
media 66 wraps to each other) a connector 72 is welded between adjacent
wraps. The connector 72 extends helically about the base pipe longitudinal
axis 64.   21 JAN 203 _15_ Note that the connector 72 spaces apart the
adjacent filtering media 66 wraps. This spacing apart of the filtering
media 66 wraps provides a convenient location for lines 74 extending from
one end to the other on the well screen 60. The lines 74 may include one or
more of a hydraulic line for delivering and/or returning fluid and/or fluid
pressure downhole, a chemical injection line, an electric line for
communicating data or transmitting power downhole) a communication line,
such as a fiber optic cable, etc. Any other type of line may be used as one
or more of the lines 74 in keeping with the principles of the present
invention. The lines 74 are depicted in FIG. 7 as being externally disposed
relative to the connector 72, but it is to be understood that the lines may
be otherwise positioned. For example, the lines 74 could be positioned
beneath the connector 72, the lines could extend through a hollow
connector, etc. Referring additionally now to FIGS. 8A & B, another well
screen 76 embodying principles of the present invention is representatively
illustrated. In FIG. 8A, the well screen 76 is depicted as it is conveyed
into a well. In FIG. 8B, the well screen 76 is depicted after a base pipe
78 thereof has been radially outwardly extended. The well screen 76
includes the base pipe 78 with interconnected circumferentially alternating
filtering portions 80 and expansion portions 82 outwardly overlying the
base pipe. The filtering portions 80 each include an elongated strip of
filtering media 84 and an elongated shroud strip 86 outwardly overlying the
filtering media. The filtering media 84 may be similar to the filtering
media 40 described above, or it may be another type of filtering media. The
expansion portions 82 may be made of a suitable deformable material and, as
depicted in FIG. 8A, may include  



21 JAN 2003 -16 longitudinally extending corrugations 88 formed thereon to
facilitate circumferential lengthening of the expansion portions. In FIG.
8B it may be seen that the expansion portions 82 have been lengthened
circumferentially relative to the base pipe 78 as the base pipe has been
radially outwardly extended. This increase in the circumferential lengths
of the expansion portions 82 has increased the circumferential separation
between the filtering portions 80, thereby permitting radially outward
displacement of the filtering portions) without requiring substantial
stretching, lengthening, or other deformation of the filtering media 84,
and thus preventing damage to the filtering media. The expansion portions
82 may be otherwise configured, without departing from the principles of
the present invention. For example, the expansion portions 82 may be made
of a material which is readily stretched, without the need of forming
corrugations, folds, etc. thereon, the expansion portions may be otherwise
lengthened, such as by using telescoping members) etc. Furthermore, the
expansion portions 82 may be physically connected to the filtering portions
80 in any manner, without departing from the principles of the present
invention. For example, the expansion portions 82 may be attached directly
to the filtering medias 84 and/or directly to the shrouds 86, or to another
structure of the filtering portions, etc. It also is not necessary for only
one of the expansion portions 82 to be interconnected between only two of
the filtering portions 80. Referring additionally now to FIGS. 9A & B,
another well screen 90 embodying principles of the present invention is
representatively illustrated. The well screen 90 is depicted in FIG. 9A in
a radially compressed configuration in which it is   21 JAS 2003  conveyed
in a well. The well screen 90 is depicted in FIG. 9B in a radially expanded
configuration. Note that the well screen 90 is similar in many respects to
the well screen 76 described above, in that it includes a base pipe 92 with
circumferentially alternating filtering portion strips 94 and expansion
portion strips 96 outwardly overlying the base pipe. The filtering portions
94 include filtering media 98 and shroud 100 strips similar to those
described above, and the expansion portions 96 have longitudinally
extending corrugations 102 formed thereon. However, in the radially
compressed configuration of the well screen 90, the base pipe 92 has
longitudinally extending corrugations or undulations 104 formed thereon
which radially reduce the size of the base pipe. The undulations 104 give
the base pipe 92 an hourglass-shaped cross-section as depicted in FIG. 9A.
When 



the base pipe 92 is radially outwardly extended, the undulations 104 are
substantially eliminated, as are the corrugations 102 of the expansion
portions 96, and the filtering portions 94 are radially outwardly
displaced. Another difference between the well screens 76, 90 is that the
well screen 90 includes retaining members 106 securing the expansion strips
96 in compressed configurations thereof, as depicted in FIG. 9A. When the
base pipe 92 is radially outwardly extended, the retaining members 106
release, thereby permitting the expansion strips 96 to circumferentially
lengthen relative to the base pipe, as depicted in FIG. 9B. In the
compressed configuration of the well screen 90, each of the retaining
members 106 may be attached between two of the shroud strips 100.   Z 1 JAN
2003 -~s Referring additionally now to FIGS. 10A & B, another well screen
108 embodying principles of the present invention is representatively
illustrated. The well screen 108 is depicted in a radially compressed
configuration in FIG. 10A, in which the well screen is conveyed in a well.
In FIG. 10B, the well screen 108 is depicted in a radially expanded
configuration. The well screen 108 is very similar to the well screen 90
described above, in that it includes a base pipe 120 and circumferentially
alternating strips of expansion portions 110 and filtering portions 112.
The filtering portions 112 each include a filtering media strip 114 and an
external shroud strip 116. The filtering media 114 may be similar to the
filtering media 40 described above. The expansion portions 110 are
interconnected between the filtering portions 112. A retaining member 118
secures each expansion portion 110 in a compressed configuration until the
base pipe 120 is radially outwardly expanded. However, in the well screen
108, the base pipe 120 has longitudinally extending folds 122 formed
thereon in the radially compressed configuration of the well screen. The
expansion portions 110 also have longitudinally extending folds 124 formed
thereon. When the base pipe 120 is radially expanded, the folds 122, 124
are partially or completely eliminated, as depicted in FIG. 1OB. Note also
that the retaining members 118 are interconnected between opposite
circumferential ends of each of the expansion portions 110 (see FIG. 10A),
instead of being interconnected to the expansion portions 112. When the
base pipe 120 is radially expanded, the retaining members 118 release and
permit the expansion portions 110 to "unfold" or otherwise lengthen
circumferentially.   21 JAS! 203 _19_ 



Referring additionally now to FIG. 11, another well screen 126 embodying
principles of the present invention is representatively illustrated. The
well screen 126 includes a filtering media 128 outwardly overlying a
generally tubular base pipe 130. The filtering media 128 is depicted as a
generally tubular structure having circumferentially extending slots 132
formed therethrough, with the slots being helically arranged relative to a
longitudinal axis 134 of the base pipe. Of course, the filtering media 128
may be otherwise constructed, without departing from the principles of the
present invention. The filtering media 128 is preferably made of a suitable
durable and deformable material, such as steel, through which the slots 132
may be readily formed, such as by laser machining, water cutting, etc.
Alternatively, each of the slots 132 could instead be a row of closely
spaced small diameter holes (for example, having a diameter of
approximately .008 in. and spaced approximately .016 in. apart). The slots
or holes 132 are used to filter fluid flowing inwardly through the
filtering media 128. The filtering media 128 has corrugations or pleats 136
formed thereon. The pleats 136 may be seen in FIG. 12, which is a
cross-sectional view of the well screen 126, taken along line 12-12 of FIG.
11. The pleats 136 permit the filtering media 128 to lengthen
circumferentially when the base pipe 130 is expanded radially outward,
without substantially stretching the filtering media material. A series of
circumferentially spaced apart and longitudinally extending rods or ribs
138 is disposed radially between the filtering media 128 and the base pipe
130. Some of the ribs 138 may be positioned between the pleats 136 and the
base pipe 130. The ribs 138 aid in radially outwardly displacing the
filtering media 128 when   21 J AN 2003 -20 the base pipe 130 is radially
expanded. In addition, the ribs 138 provide for transverse flow of fluid
between the filtering media 128 and the base pipe 130. Thus, fluid flowing
inwardly through one of the slots 132 may then flow transversely between
the filtering media 128 and the base pipe 130 before flowing into the base
pipe through an opening (not shown) formed through a sidewall of the base
pipe. Note that the ribs 138 may be otherwise disposed between the
filtering media 128 and the base pipe 130, while still outwardly supporting
the filtering media and providing for transverse flow of fluid between the
filtering media and the base pipe. For example, the ribs 138 could be
helically disposed relative to the base pipe 130. As further alternatives)
the ribs 138 could be replaced by a layer of the relatively coarse woven
material 52 described above, transverse fluid flow may be provided by the
grooves or recesses 55, 57 described above formed on the base pipe 130,
etc. Referring additionally now to FIG. 13, another well screen 140
embodying principles of the present invention is representatively
illustrated. The well screen 140 



is similar to the well screen 126 described above in that it includes a
generally tubular base pipe 142, a filtering media 144 outwardly overlying
the base pipe 142 and longitudinally extending and circumferentially spaced
apart ribs 148. The filtering media 144 may be similar to the filtering
media 40 described above. However, in the well screen 140, a generally
tubular outer protective shroud 150 envelopes the filtering media 144, and
the ribs 148 are positioned between the filtering media and the shroud.
Since the ribs 148 provide for transverse fluid flow between the shroud 150
and the filtering media 144, the outer layer of the filtering media (see
outer layer 48 in FIG. 2) may not be used. Additionally, pleats or   21 JAN
2003 -21 corrugations 146 are formed on an elongated expansion portion 152
interconnected between circumferential ends of the filtering media 144.
When the base pipe 142 is radially expanded, the corrugations 146 are fully
or at least partially extended, thereby circumferentially lengthening the
expansion portion 152 and permitting the filtering media 144 to be radially
outwardly displaced without requiring substantial stretching of the
filtering material. Representatively illustrated in FIG. 14 is another well
screen 154 embodying principles of the present invention. The well screen
154 is very similar to the well screen 140 described above, in that it
includes a generally tubular base pipe 156, a filtering media 158 outwardly
overlying the base pipe, an outer protective shroud 160 and ribs 162
extending longitudinally between the shroud and the filtering media. The
filtering media 158 may be similar to the filtering media 40 described
above, with the exception that it may not include the outer relatively
coarse layer of filtering material 48, since the ribs 162 should provide
for transverse flow of fluid between the shroud 160 and the filtering
media. However, instead of the expansion portion 152 of the well screen
140, the well screen 154 differs in that its filtering media 158 has
longitudinally extending corrugations 164 formed directly thereon. When the
base pipe 156 is radially expanded, the corrugations 164 are fully or at
least partially straightened, thereby circumferentially lengthening the
filtering media 158 and permitting it to be radially outwardly displaced
without substantially stretching the filtering material. Referring
additionally now to FIGS. 15-17, another well screen 166 embodying
principles of the present invention is representatively illustrated. The
well   ~ 1 JAN 2003 -22 screen 166 is shown in an elevational view in FIG.
15, in a cross-sectional view in FIG. 16 taken along longitudinal line
16-16 of FIG. 15, and in an enlarged crosssectional view in FIG. 17 taken
along lateral line 17-17 of FIG. 15. The well screen 166 is similar in some
respects to the well screen 126 described above, in that it includes a
generally tubular base pipe 168, a generally tubular and laterally slotted
filtering media 170 outwardly overlying the base pipe, and a series of
circumferentially spaced apart longitudinally extending ribs 172 disposed
between the filtering media and the base pipe. Slots 174 in the filtering
media 170 extend laterally, are arranged in series extending helically
about the base pipe 168, are used to filter fluid flowing therethrough, and
may be replaced by rows of relatively small diameter closely spaced holes
as described above for the slots 132. 



However, the well screen 166 differs in some respects from the previously
described well screen 126 in that one or more of the ribs 172 may be hollow
and may have lines extending therethrough, and the filtering media 170 does
not include the pleats 136. An enlarged scale cross-sectional view of one
of the ribs 172 is shown in FIG. 18, wherein it may be seen that a
hydraulic or chemical injection line 176, an electrical line 178 and a
fiber optic line 180 extend through the hollow rib. These lines may be used
to power equipment in a well below the well screen 166, communicate with
tools in the well, etc., and it is to be clearly understood that any type
of line may be used without departing from the principles of the present
invention. Another useful purpose for the hollow ribs 172 is to prevent
excessive expansion force from being imparted to the filtering media 170.
For example, when   21 JAt~ 2003 _23_ the base pipe 168 is radialy
outwardly expanded, the expansion force used to expand the base pipe is
transmitted via the ribs 172 to the filtering media 170. The ribs 172 are
compressed between the base pipe 168 and the filtering media 170 by the
expansion force and, if the expansion force is excessive, the ribs will
collapse, thereby preventing the excessive force from being transmitted to
the filtering media. This collapse of the ribs 172 may be useful in
preventing damage to the filtering media 170 so that the well screen 166
may still be used, even though an excessive expansion force has been
applied to the base pipe 168. Note that the slots 174 will decrease in
width when the base pipe 168 is radially expanded. This is due to the fact
that the filtering media 170 is axially shortened somewhat when it is
radially expanded, due to the filtering media being stretched
circumferentially. Preferably, the filtering media 170 filters particles
greater than 500m from the fluid flowing therethrough (i.e., the slots 174
have a width of less than or equal to 500,m) when the well screen 166 is
radially expanded. In addition, it is preferred that the width of the slots
174 decrease less than fifty percent when the well screen 166 is radially
expanded. Of course, a person skilled in the art would, upon a careful
consideration of the above description of representative embodiments of the
invention, readily appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to these specific
embodiments, and such changes are contemplated by the principles of the
present invention. Accordingly, the foregoing detailed description is to be
clearly understood as being given by way of illustration and example only,
the spirit and scope of the present invention being limited solely by the
appended claims.   21 JAN 2009 -24 CLAIMS 1. An expandable well screen,
comprising:  a perforated, non-slotted base pipe; and  a filtering media
extending outwardly around the base pipe,  the base pipe and the filtering
media being radially outwardly expandable from an unexpended configuration
to an expanded configuration,  each of the base pipe and the filtering
media having, along its length, a circular cross-section in both its
unexpended configuration and its expanded configuration. 2. The well screen
according to claim 1, wherein the filtering media includes a layer of
relatively fine filtering material sandwiched between layers of relatively
coarse filtering material. , 



3. The well screen according to claim 2, wherein the relatively fine
filtering material is a sintered woven filtering material. 4. The well
screen according to claim 1, wherein the filtering media is generally
tubular and has multiple slots formed therethrough. 5. The well screen
according to claim 4, wherein the slots are arranged helically relative to
a longitudinal axis of the filtering media. 6. The well screen according to
claim 1, wherein the filtering media filters particles having a size of
greater than 500 um when the well screen is radially outwardly expanded.
21 J AN 2~~3 -25 7. The well screen according to claim 1, wherein openings
through the filtering media for fluid flow therethrough change size by less
than fifty percent when the well screen is radially outwardly expanded. 8.
An expandable well screen, comprising:  a generally tubular base pipe
having a longitudinal axis and a series of spaced apart rows of holes
formed through a sidewall of the base pipe, the holes of each row
interconnecting with each other when the base pipe is expanded radially
outward to an operative configuration thereof; and a filtering media
configured for filtering fluid flowing through the base pipe holes. 9. The
expandable well screen according to claim 8, wherein the series of rows of
holes is arranged helically on the base pipe relative to the longitudinal
axis. 10. The expandable well screen according to claim 8, wherein the
holes in each row are distributed along a line. 11. The expandable well
screen according to claim 8, further comprising a generally tubular
protective shroud outwardly overlying the filtering media. 12. The
expandable well screen according to claim 8, wherein the filtering media
includes a layer of relatively fine filtering material sandwiched between
layers of relatively coarse filtering material. 13. The expandable well
screen according to claim 12, wherein the relatively fine filtering
material is a sintered woven filtering material.   21 J AN 2003 -26 14. The
expandable well screen according to claim 8, wherein the filtering media
includes a woven material having strands thereof which are arranged
helically relative to the base pipe longitudinal axis. 15. An expandable
well screen, comprising:  a generally tubular base pipe having a
longitudinal axis and a series of spaced apart rows of holes formed through
a sidewall of the base pipe, the holes of each row interconnecting with
each other when the base pipe is expanded radially outward;  a filtering
media configured for filtering fluid flowing through the base pipe 



holes; and  a generally tubular protective shroud outwardly overlying the
filtering media,  the shroud including a recess formed internally thereon,
the recess permitting transverse fluid flow between the shroud and the
filtering media when the filtering media is compressed against the shroud.
16. An expandable well screen, comprising:  a generally tubular base pipe
having a longitudinal axis and a series of spaced apart rows of holes
formed through a sidewall of the base pipe, the holes of each row
interconnecting with each other when the base pipe is expanded radially
outward; and  a filtering media configured for filtering fluid flowing
through the base pipe holes,  the base pipe including a recess externally
formed thereon, the recess permitting transverse fluid flow between the
base pipe and the filtering media when the filtering media is compressed
against the base pipe.   21 (SAN 20~~ -27 17. An expandable well screen,
comprising:  a generally tubular, non-slotted base pipe having a
longitudinal axis and a series of holes formed through a sidewall of the
base pipe) the holes being distributed helically relative to the base pipe
longitudinal axis, and each of the holes being compressed in a direction of
the base pipe longitudinal axis when the base pipe is expanded radially
outward; and  a filtering media disposed externally on the base pipe,  the
well screen having a radially unexpanded position and a radially expanded
position, and both the base pipe and the filtering media having
substantially circular cross-sections when the well screen is in either of
its radially unexpanded and radially expanded positions. 18. The expandable
well screen according to claim 17, further comprising a generally tubular
protective shroud outwardly overlying the filtering media. 19. The
expandable well screen according to claim 17, wherein the filtering media
includes a layer of relatively fine filtering material sandwiched between
layers of relatively coarse filtering material. 20. The expandable well
screen according to claim 19, wherein the relatively fine filtering
material is a sintered woven filtering material. 21. The expandable well
screen according to claim 17) wherein the filtering media includes a woven
material having strands thereof which are arranged helically relative to
the base pipe longitudinal axis. .A&`.A{.A_.AA,.A&.A{.A.A.Af.A9y.AS?.AE
.A.Ah,Y.Ah.A,.A2 .A.A.AL.A.A.A.AsA.Ar.A 
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