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EXPANDABLE WELL SCREEN 

BACKGROUND OF THE INVENTION 

0001. The present invention relates generally to opera 
tions performed, and equipment utilized, in conjunction with 
a Subterranean well and, in an embodiment described herein, 
more particularly provides an expandable well Screen. 
0002. 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 expand 
able well Screens in wellbores. 

0003. An example of the potential usefulness of expand 
able equipment in a wellbore is where the wellbore inter 
Sects 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 unconsoli 
dated formation. Conventional expandable well Screens are 
not designed for contacting and providing radial Support for 
a formation, and So are unsuited for this purpose. 
0004. 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 wellbore. It would also be desir 
able 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 
SCCC. 

SUMMARY OF THE INVENTION 

0005. In carrying out the principles of the present inven 
tion, in accordance with an embodiment thereof, an expand 
able well screen is provided. When radially extended down 
hole, 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. 
0006. In one aspect of the present invention, an expand 
able 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. 
0007. In another aspect of the present invention, an 
expandable well Screen is provided which includes a gen 
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erally 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 distrib 
uted 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. 
0008. In still another aspect of the present invention, an 
expandable well Screen is provided which includes a gen 
erally 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, commu 
nication, chemical injection, etc.) may be positioned adja 
cent the connector. 

0009. In yet another aspect of the present invention, an 
expandable well Screen is provided which includes a gen 
erally 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. 
0010. In a further aspect of the present invention, an 
expandable well Screen is provided which includes a gen 
erally tubular base pipe and a generally tubular filtering 
media outwardly overlying the base pipe. The filtering 
media includes expansion portions which permit circumfer 
ential 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 expan 
sion portions. One or more of the ribs may be substantially 
hollow and may have various lines (electrical, hydraulic, 
communication, chemical injection, etc.) extending there 
through. The filtering media may include a Series of circum 
ferentially extending and helically arranged slots, with a 
width of each slot decreasing when the base pipe is 
expanded radially outward. 

0011. In a still further aspect of the present invention, an 
expandable well Screen is provided which includes a gen 
erally tubular base pipe, a filtering media outwardly over 
lying the base pipe, a Series of ribs disposed externally 
relative to the filtering media and a generally tubular pro 
tective 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. 

0012. 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 



US 2004/0060695 A1 

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. 

0013 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. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIGS. 1A & 1B are schematic views of a method 
embodying principles of the present invention; 
0.015 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; 
0016 FIGS. 3A & 3B are elevational views of a base 
pipe of the first well Screen; 
0017 FIGS. 4A & 4B are elevational views of an alter 
nate base pipe of the first well Screen; 
0.018 FIG. 5 is an elevational view of a second expand 
able well Screen embodying principles of the present inven 
tion; 
0.019 FIG. 6 is an enlarged scale view of a portion of the 
Second well Screen; 
0020 FIG. 7 is an enlarged scale view of an alternate 
configuration of the portion of the Second well Screen; 
0021 FIGS. 8A & 8B are cross-sectional views of a third 
expandable well Screen embodying principles of the present 
invention; 
0022 FIGS. 9A & 9B are cross-sectional views of a 
fourth expandable well Screen embodying principles of the 
present invention; 
0023 FIGS. 10A & 10B are cross-sectional views of a 

fifth expandable well Screen embodying principles of the 
present invention; 
0024 FIG. 11 is an elevational view of a sixth expand 
able well Screen embodying principles of the present inven 
tion; 
0025 FIG. 12 is a cross-sectional view of the sixth 
expandable well screen, taken along line 12-12 of FIG. 11; 
0.026 FIG. 13 is a cross-sectional view of a seventh 
expandable well Screen embodying principles of the present 
invention; 
0.027 FIG. 14 is a cross-sectional view of an eighth 
expandable well Screen embodying principles of the present 
invention; 
0028 FIG. 15 is an elevational view of a ninth expand 
able well Screen embodying principles of the present inven 
tion; 

0029 FIG. 16 is a cross-sectional view of the ninth well 
screen, taken along line 16-16 of FIG. 15; 
0030 FIG. 17 is an enlarged scale cross-sectional view 
of the ninth well screen, taken along line 17-17 of FIG. 15; 
and 
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0031 FIG. 18 is an enlarged scale view of a portion of 
the ninth well Screen. 

DETAILED DESCRIPTION 

0032 Representatively illustrated in FIGS. 1A & B 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 configurations, with 
out departing from the principles of the present invention. 

0033 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 wellbore 20. The 
wellbore 20 intersects 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. 

0034) The wellbore 20 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. 

0035) 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. 

0036) 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. 

0037 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, prevent 
ing 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. 
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0.038. The use of an expandable screen assembly 12 has 
Several additional benefits. For example, the radially 
reduced configuration shown in FIG. 1A may be advanta 
geous for passing through a restriction uphole, and the 
radially expanded configuration shown in FIG. 1B may be 
advantageous for providing a large flow area and enhanced 
access therethrough. However, the expandable Screen 
assembly 12 must nave 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. 
0.039 Referring additionally now to FIG. 2, an expand 
able 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 inven 
tion. 

0040. 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 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. 
0041. 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. 

0042. 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. 

0043. 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 substan 
tially eliminate this potential problem. 
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0044 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. 

0045. 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 unim 
peded through the filtering media (other than the resistance 
to flow due to the relatively fine middle filter layer 50). 
0046) 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 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. 

0047 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. 

0048. Note that the filtering media 40 may be stretched 
circumferentially when the well screen 36 is radially out 
wardly 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 there 
through) is 500 um. Thus, after the well screen 36 is radially 
outwardly expanded, the filtering media 40 preferably filters 
particles having a size of greater than 500 um from the fluid 
flowing therethrough. 
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0049 Referring additionally now to FIGS. 3A & B, an 
elevational view of a portion of the base pipe 38 is repre 
sentatively 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. 
0050. 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 pro 
vides support for the filtering media 40. 
0051). 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 arrange 
ment 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. 

0.052 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. 
0053. 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. 
0.054 By Substituting the smaller holes 58 for the open 
ingS 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. 
0055 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. 
0056. 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 
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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 may also include a generally 
tubular outer Shroud outwardly overlying the filtering media 
66. 

0057 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. 

0.058 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 um from the fluid flowing through 
the filtering media, when the well screen 60 is radially 
expanded. 

0059 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. 
0060 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. 

0061 Note that the connector 72 spaces apart the adja 
cent 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 elec 
tric 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. 

0062) 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. 

0063 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. 

0064. The well screen 76 includes the base pipe 78 with 
interconnected circumferentially alternating filtering por 
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tions 80 and expansion portions 82 outwardly overlying the 
base pipe. The filtering portions 80 each include an elon 
gated Strip of filtering media 84 and an elongated Shroud 
strip 86 outwardly overlying the filtering media. The filter 
ing 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 longitudinally extending corrugations 88 formed 
thereon to facilitate circumferential lengthening of the 
expansion portions. 

0065. 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. 

0.066 The expansion portions 82 may be otherwise con 
figured, 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 expan 
Sion portions may be otherwise lengthened, Such as by using 
telescoping members, etc. 

0067 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. 

0068 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 configura 
tion in which it is conveyed in a well. The well screen 90 is 
depicted in FIG. 9B in a radially expanded configuration. 

0069. 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. 
0070 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 undu 
lations 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. 
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0.071) 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 configura 
tions 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 cir 
cumferentially 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. 
0072 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. 

0073. 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 por 
tions 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 por 
tions 112. A retaining member 118 Secures each expansion 
portion 110 in a compressed configuration until the base pipe 
120 is radially outwardly expanded. 
0.074. 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. 10B. 
0075). 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 mem 
bers 118 release and permit the expansion portions 110 to 
“unfold' or otherwise lengthen circumferentially. 
0.076 Referring additionally now to FIG. 11, another 
well Screen 126 embodying principles of the present inven 
tion is representatively illustrated. The well screen 126 
includes a filtering media 128 outwardly overlying a gen 
erally tubular base pipe 130. The filtering media 128 is 
depicted as a generally tubular structure having circumfer 
entially 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 prin 
ciples of the present invention. 
0077. 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 approxi 
mately 0.008 in. and spaced approximately 0.016 in. apart). 
The slots or holes 132 are used to filter fluid flowing 
inwardly through the filtering media 128. 
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0078. 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 Sub 
Stantially Stretching the filtering media material. 
0079 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 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. 

0080) 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 alterna 
tives, the ribs 138 could be replaced by a layer of the 
relatively coarse woven material 52 described above, trans 
verse fluid flow may be provided by the grooves or recesses 
55, 57 described above formed on the base pipe 130, etc. 
0081 Referring additionally now to FIG. 13, another 
well screen 140 embodying principles of the present inven 
tion 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 longitudi 
nally extending and circumferentially spaced apart ribs 148. 
The filtering media 144 may be similar to the filtering media 
40 described above. 

0082) However, in the well screen 140, a generally tubu 
lar 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 filter 
ing media 144, the outer layer of the filtering media (see 
outer layer 48 in FIG. 2) may not be used. Additionally, 
pleats or corrugations 146 are formed on an elongated 
expansion portion 152 interconnected between circumfer 
ential ends of the filtering media 144. 
0.083. 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. 
0084 Representatively illustrated in FIG. 14 is another 
well Screen 154 embodying principles of the present inven 
tion. 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 
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extending longitudinally between the Shroud and the filter 
ing 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. 
0085. 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 corruga 
tions 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. 
0086) Referring additionally now to FIGS. 15-17, another 
well Screen 166 embodying principles of the present inven 
tion is representatively illustrated. The well 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 cross-sectional view in FIG. 17 taken 
along lateral line 17-17 of FIG. 15. 
0087. 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. 

0088. 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. 
0089 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 the base pipe 168 
is radially 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. 
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0090. 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 500 um from the fluid 
flowing therethrough (i.e., the slots 174 have a width of less 
than or equal to 500 um) 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. 
0091. Of course, a person skilled in the art would, upon 
a careful consideration of the above description of repre 
Sentative embodiments of the invention, readily appreciate 
that many modifications, additions, Substitutions, deletions, 
and other changes may be made to these Specific embodi 
ments, 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. 

What is claimed is: 
1. An expandable well Screen, comprising: 
a filtering media, the filtering media Stretching circum 

ferentially when the well screen is radially outwardly 
expanded. 

2. The well Screen according to claim 1, wherein the 
filtering media comprises an elongated Strip disposed in a 
helical configuration. 

3. 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. 

4. The well Screen according to claim 3, wherein the 
relatively fine filtering material is a sintered woven filtering 
material. 

5. The well screen according to claim 1, wherein the 
filtering media is generally tubular and has multiple slots 
formed therethrough. 

6. The well screen according to claim 5, wherein the slots 
are arranged helically relative to a longitudinal axis of the 
filtering media. 

7. 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. 

8. 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. 

9. 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. 

10. The expandable well screen according to claim 9, 
wherein the Series of rows of holes is arranged helically on 
the base pipe relative to the longitudinal axis. 
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11. The expandable well Screen according to claim 9, 
wherein the holes in each row are distributed along a line. 

12. The expandable well Screen according to claim 9, 
further comprising a generally tubular protective Shroud 
outwardly overlying the filtering media. 

13. The expandable well Screen according to claim 12, 
wherein the Shroud includes 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. 

14. The expandable well Screen according to claim 9, 
wherein the filtering media includes a layer of relatively fine 
filtering material Sandwiched between layers of relatively 
coarse filtering material. 

15. The expandable well Screen according to claim 14, 
wherein the relatively fine filtering material is a sintered 
woven filtering material. 

16. The expandable well Screen according to claim 9, 
wherein the filtering media includes a woven material hav 
ing Strands thereof which are arranged helically relative to 
the base pipe longitudinal axis. 

17. The expandable well screen according to claim 9, 
wherein the base pipe includes 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. 

18. An expandable well Screen, comprising: 
a generally tubular 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. 
19. The expandable well screen according to claim 18, 

further comprising a generally tubular protective Shroud 
outwardly overlying the filtering media. 

20. The expandable well screen according to claim 18, 
wherein the filtering media includes a layer of relatively fine 
filtering material Sandwiched between layers of relatively 
coarse filtering material. 

21. The expandable well Screen according to claim 20, 
wherein the relatively fine filtering material is a sintered 
woven filtering material. 

22. The expandable well Screen according to claim 18, 
wherein the filtering media includes a woven material hav 
ing Strands thereof which are arranged helically relative to 
the base pipe longitudinal axis. 

23. An expandable well Screen, comprising: 
an elongated Strip of filtering media wrapped helically 

about a longitudinal axis. 
24. The expandable well Screen according to claim 23, 

wherein the filtering media includes a woven material with 
strands thereof oriented helically relative to the longitudinal 
XS. 

25. The expandable well screen according to claim 23, 
wherein the filtering media is disposed in multiple wraps. 

26. The expandable well Screen according to claim 25, 
wherein each wrap of the filtering media is attached to an 
adjacent wrap of the filtering media at a connection ther 
ebetween, the connection extending helically relative to the 
longitudinal axis. 
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27. The expandable well Screen according to claim 26, 
wherein the connection between the filtering media wraps 
comprises a welded Seam between the wraps. 

28. The expandable well Screen according to claim 26, 
wherein the connection between the filtering media wraps 
comprises a connector positioned between the filtering 
media wraps. 

29. The expandable well screen according to claim 28, 
further comprising a communication line positioned adja 
cent the connector and extending helically relative to the 
longitudinal axis. 

30. The expandable well screen according to claim 28, 
further comprising a power line positioned adjacent the 
connector and extending helically relative to the longitudinal 
XS. 

31. The well screen according to claim 28, further com 
prising a hydraulic line positioned adjacent the connector 
and extending helically relative to the longitudinal axis. 

32. The well screen according to claim 23, wherein the 
filtering media includes a layer of relatively fine filtering 
material Sandwiched between layers of relatively coarse 
filtering material. 

33. The expandable well screen according to claim 32, 
wherein the relatively fine filtering material is a sintered 
woven filtering material. 

34. An expandable well Screen, comprising: 
multiple elongated Strips of filtering media Spaced apart 

and distributed circumferentially about a longitudinal 
axis and extending parallel to the longitudinal axis, and 

multiple elongated expansion Strips, one of the expansion 
Strips being interconnected between each adjacent pair 
of the filtering media Strips, and the expansion Strips 
lengthening circumferentially to thereby increase cir 
cumferential Separation between the filtering media 
Strips. 

35. The expandable well screen according to claim 34, 
wherein the expansion Strips have longitudinal corrugations 
formed thereon, and wherein the corrugations are at least 
partially Straightened when the expansion Strips lengthen 
circumferentially. 

36. The expandable well screen according to claim 34, 
wherein the filtering media includes a layer of relatively fine 
filtering material Sandwiched between layers of relatively 
coarse filtering material. 

37. The expandable well screen according to claim 36, 
wherein the relatively fine filtering material is a sintered 
woven filtering material. 

38. The expandable well screen according to claim 34, 
further comprising multiple elongated protective shroud 
Strips, one of the Shroud Strips outwardly overlying each of 
the filtering media Strips. 

39. The expandable well screen according to claim 38, 
wherein each of the Shroud Strips is interconnected between 
two of the expansion Strips. 

40. The expandable well screen according to claim 34, 
further comprising at least one retaining member Securing at 
least one of the expansion Strips in a compressed configu 
ration thereof, the retaining member releasing the at least 
one expansion Strip for expansion thereof when the expan 
Sion Strips lengthen circumferentially. 

41. The expandable well Screen according to claim 40, 
further comprising multiple elongated protective shroud 
Strips, one of the Shroud Strips outwardly overlying each of 
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the filtering media Strips, and the retaining member being 
connected to two of the Shroud Strips. 

42. The expandable well Screen according to claim 40, 
wherein the retaining member is connected acroSS at least 
one of the expansion Strips. 

43. The expandable well Screen according to claim 42, 
wherein the retaining member is attached directly to the at 
least one expansion Strip. 

44. The expandable well Screen according to claim 40, 
wherein the retaining member extends externally acroSS a 
longitudinally extending fold formed in a base pipe. 

45. The expandable well screen according to claim 40, 
wherein the retaining member extends externally acroSS a 
longitudinally extending undulation in a base pipe. 

46. The expandable well Screen according to claim 34, 
further comprising a base pipe deformed to a radially 
reduced configuration thereof. 

47. The expandable well screen according to claim 46, 
wherein the base pipe has an hourglass cross-sectional 
shape. 

48. An expandable well Screen, comprising: 

a generally tubular filtering media, the filtering media 
including expansion portions thereof permitting cir 
cumferential lengthening of the filtering media. 

49. The expandable well screen according to claim 48, 
wherein the filtering media expansion portions comprise 
longitudinally extending corrugations formed on the filter 
ing media. 

50. The expandable well screen according to claim 48, 
further comprising a Series of longitudinally extending and 
circumferentially distributed ribs positioned at least partially 
within the filtering media. 

51. The expandable well screen according to claim 50, 
wherein at least one of the ribs is positioned radially between 
a base pipe and one of the filtering media expansion por 
tions. 

52. The expandable well Screen according to claim 48, 
further comprising at least one Substantially hollow longi 
tudinally extending rib internally positioned relative to the 
filtering media. 

53. The expandable well screen according to claim 52, 
further comprising a communication line extending through 
the rib. 

54. The expandable well screen according to claim 52, 
further comprising a power line extending through the rib. 

55. The expandable well screen according to claim 52, 
further comprising a hydraulic line extending through the 
rib. 

56. The expandable well screen according to claim 48, 
wherein the filtering media includes a Series of circumfer 
entially extending slots formed therethrough. 

57. The expandable well screen according to claim 56, 
wherein the Series of Slots is helically arranged on the 
filtering media. 

58. The expandable well screen according to claim 56, 
wherein a width of each of the slots decreases when the 
filtering media is radially outwardly expanded. 
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59. An expandable well Screen, comprising: 

a filtering media; 

a Series of longitudinally extending and circumferentially 
distributed ribs disposed externally relative to the fil 
tering media; and 

a generally tubular protective shroud outwardly overlying 
the ribs. 

60. The expandable well screen according to claim 59, 
further comprising an expansion Strip connected to opposite 
circumferential ends of the filtering media, the expansion 
Strip elongating circumferentially when the filtering media is 
radially outwardly expanded. 
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61. The expandable well screen according to claim 60, 
wherein the expansion Strip includes longitudinal corruga 
tions formed thereon. 

62. The expandable well screen according to claim 59, 
wherein the filtering media includes longitudinal corruga 
tions formed thereon, the corrugations at least partially 
Straightening when the filtering media is radially outwardly 
expanded. 

63. The expandable well screen according to claim 59, 
wherein the filtering media includes a woven Sintered fil 
tering material. 

64. The expandable well Screen according to claim 63, 
wherein the filtering media includes at least two layers of the 
woven Sintered filtering material. 

k k k k k 


