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(57) ABSTRACT 

Disclosed is a Well screen assembled on a base pipe and 
having an improved drainage layer disposed between the 
outer ?lter material and the base pipe. The improved drain 
age layer can be formed from a variety of materials and 
shapes. The drainage layer can be manufactured separately 
from the base pipe in the form of a tube severed along its 
length and subsequently assembled on the base pipe. 
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Patent Application Publication Feb. 14, 2008 Sheet 6 0f 15 US 2008/0035330 A1 

FIG 5 

FIG 5a 
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FIG 9 
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FIG 10a 
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Figure 11a 
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WELL SCREEN APPARATUS AND METHOD 
OF MANUFACTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] None 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] None 

REFERENCE TO MICROFICHE APPENDIX 

[0003] Not applicable 

TECHNICAL FIELD 

[0004] The present inventions relate generally to subter 
ranean mounted Well screens used in the production equip 
ment and processes of hydrocarbon Wells to ?lter harmful 
solids from produced hydrocarbons and more particularly 
these inventions have particular aspects in Well screens that 
provide support for the ?lter medium and form a drainage 
layer. 

BACKGROUND OF THE INVENTIONS 

[0005] The oil and gas industry utiliZed horiZontal Well 
drilling and completions as a more-ef?cient production 
method than producing hydrocarbons into vertical Well 
bores. Horizontal Well sections thousands of meters long 
have been completed With Well screens to ?lter out harmful 
solids from the produced hydrocarbon ?uids. 
[0006] Non-uniform production along the length of the 
Well screens in the producing portion of the Well can cause 
screen failure and resulting undesirable Water production. 

[0007] In heterogeneous or fractured formations, high 
permeability areas are encountered. Well screens in these 
areas can be prematurely damaged or plugged. Solids mov 
ing through the screen in these higher ?oW areas either cause 
premature erosion failure of the screen or quickly collect on 
the screen causing the screen to plug or fail by collapse 
against the base pipe. These screen failures contribute to 
additional unbalanced production. 
[0008] In conventional and ?oW-controlling Well screens, 
a ?lter medium (typically a screen) is mounted around a base 
pipe. A perforated metal shroud is commonly positioned 
around the entire assembly for protection. In conventional 
Well screen assemblies, the base pipe is perforated or slotted, 
and, in ?oW-controlling Well-screen assemblies, the base 
pipe is solid in the area adjacent to the ?lter medium. In both 
con?gurations, pressure drops across the ?lter medium can 
cause screen failures in the form of a radial inWard collapse 
of the ?lter medium. 

[0009] In some Well-screen assemblies support structures 
are present betWeen ?lter medium and base pipe to support 
the ?lter medium against collapse and to form a drainage 
layer. HoWever, existing support structures for Well screens, 
While providing support, are either complex, expensive to 
manufacture or for other reasons have not proven to be 
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entirely satisfactory. Thus, there are needs for improved 
Well-screen designs including improvements in ?lter 
medium support structures. 

SUMMARY OF THE INVENTIONS 

[0010] The present inventions provide improved subterra 
nean Well-screen apparatuses and methods of manufacture. 
[0011] More speci?cally, the present inventions are 
directed to improved drainage layers for Well screens. 
[0012] In a further aspect, the present inventions are 
directed to improved Well screens. 
[0013] A more complete understanding of the present 
inventions and the advantages thereof may be acquired by 
referring to the folloWing description taken in conjunction 
With the accompanying draWings in Which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a cross section of a portion of a subter 
ranean Wellbore incorporating the improved Well screens of 
the present inventions; 
[0015] FIG. 2 is a sectional vieW of one exemplary 
embodiment of the improved Well screen of the present 
inventions; 
[0016] FIGS. 3a and 3b are sectional vieWs of the Well 
screen of FIG. 3 taken on line 3-3 looking in the direction 
of the arroWs; 
[0017] FIG. 4 is an isometric vieW of the drainage layer 
portion of the Well screen of FIG. 2; 
[0018] FIGS. 5 and 5a illustrate an enlarged sectional vieW 
of the drainage layer of FIG. 4; 
[0019] FIGS. 6 is a sectional vieW similar to FIG. 2 of 
another exemplary embodiment of the improved Well screen 
of the present inventions; 
[0020] FIG. 6a is an isometric vieW of a tube from the 
FIG. 6 embodiment; 
[0021] FIG. 7 is a sectional vieW similar to FIG. 2 of 
further exemplary embodiment of the improved Well screen 
of the present inventions; 
[0022] FIG. 8 is a sectional vieW similar to FIG. 2 of an 
additional exemplary embodiment of the improved Well 
screen of the present inventions; 
[0023] FIGS. 8a and 8b are isometric vieWs of a channel 
from the FIG. 8 embodiment; 
[0024] FIG. 9 is an isometric vieW of an alternative 
con?guration of the channel suitable for use in the FIG. 8 
embodiment; 
[0025] FIG. 10 is a sectional vieW similar to FIG. 2 of a 
further exemplary embodiment of the improved Well screen 
of the present inventions; 
[0026] FIG. 10a is an isometric vieW of the drainage layer 
structure of the FIG. 10 embodiment; 
[0027] FIG. 11 is a sectional vieW similar to FIG. 2 of an 
additional exemplary embodiment of the improved Well 
screen of the present inventions; 
[0028] FIG. 11a is an isometric vieW of the angle member 
of the FIG. 11 embodiment; 
[0029] FIG. 12 is a sectional vieW similar to FIG. 2 of 
another exemplary embodiment of the improved Well screen 
of the present inventions; 
[0030] FIG. 13 is a sectional vieW similar to FIG. 2 of a 
further exemplary embodiment of the improved Well screen 
of the present inventions; and 
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[0031] FIG. 14 is a quarter sectional vieW similar to FIGS. 
3a and 3b of another exemplary embodiment of the 
improved Well screen of the present inventions. 

DETAILED DESCRIPTION 

[0032] The present inventions provide improved Well 
screen apparatuses and methods of manufacture. It is to be 
understood that the various embodiments of the present 
inventions described herein may be utilized in various 
orientations, such as inclined, inverted, horizontal, vertical, 
etc., and in various con?gurations, Without departing from 
the principles of the present invention. The embodiments are 
described merely as examples of useful applications of the 
principles of the invention, Which is not limited to any 
speci?c details of these embodiments. 
[0033] The term “vertical Wellbore” is used herein to mean 
the portion of a Wellbore to be completed Which is substan 
tially vertical or deviated from vertical in an amount up to 
about 15°. The term “horiZontal Wellbore” is used herein to 
mean the portion of a Wellbore to be completed Which is 
substantially horiZontal, or at an angle from vertical, in the 
range of from about 75° to about 105°. All other angular 
positioning relates to a deviated or inclined Wellbore. 
[0034] Since the present inventions are applicable in hori 
Zontal and inclined Wellbores, the terms “upper and loWer” 
and “top and bottom” as used herein are relative terms and 
are intended to apply to the respective positions Within a 
particular Wellbore, While the term “levels” is meant to refer 
to respective spaced positions along the Wellbore. In the 
folloWing description of the representative embodiments of 
the invention, directional terms, such as “above”, “beloW”, 
“upper”, “loWer”, etc., are used for convenience in referring 
to the accompanying draWings. In general, “above”, 
“upper”, “upWard” and similar terms refer to a direction 
toWard the earth’s surface along a Wellbore, and “beloW”, 
“loWer”, “doWnWard” and similar terms refer to a direction 
aWay from the earth’s surface along the Wellbore. 
[0035] Representatively illustrated in FIG. 1 is a Well 
system 10 Which embodies principles of the present inven 
tions. Aproduction tubing string 12 is installed in a Wellbore 
14 of a Well. The tubing string 12 includes multiple Well 
screens 16 positioned in an uncased generally horiZontal 
portion of the Wellbore 14. 
[0036] One or more of the Well screens 16 may be posi 
tioned in an isolated portion of the Wellbore 14, for example, 
betWeen packers 18 set in the Wellbore. In addition, or 
alternatively, many of the Well screens 16 could be posi 
tioned in a long, continuous portion of the Wellbore 14, 
Without packers isolating the Wellbore betWeen the screens. 
[0037] Gravel packs could be provided about any or all of 
the Well screens 16. If desired, a variety of additional Well 
equipment (such as valves, sensors, pumps, control and 
actuation devices, etc.) could also be provided in the Well 
system 10. 
[0038] It should be clearly understood that the Well system 
10 is merely representative of one Well system in Which the 
principles of the inventions may be bene?cially utiliZed. 
HoWever, the inventions are not limited in any manner to the 
details of the Well system 10 described herein. For example, 
the screen sections 16 could instead be positioned in a cased 
and perforated portion of a Wellbore; the screen sections 
could be positioned in a generally vertical portion of a 
Wellbore. The screen sections could be used in an injection 
Well rather than in a production Well, etc. 
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[0039] Referring noW to FIGS. 2 and 3, enlarged sche 
matic cross-sectional vieWs of the screen section 16 are 
illustrated. The Well screen 16 may be used in the Well 
system 10, or it may be used in any other Well system in 
keeping With the principles of the inventions. The Well 
screen 16 is of the type that includes a ?oW control device 
to meter the ?uid ?oWing into the production string from the 
string. It is to be understood that the present inventions apply 
to other types of Well screens including those With perfora 
tions along the length of the base pipe and those Without 
?uid ?oW control. 
[0040] Screen section 16 comprises a base pipe 30, sur 
rounded by a ?lter 32 and a perforated outer shroud 34. The 
base pipe and shroud are typically made from metallic 
materials such as steel but non-metallic materials can be 
sued. Fluids ?oW from the material surrounding the Wellbore 
through the perforations in the shroud 34 and through the 
?lter 32. The screen 16 functions to ?lter solids out of the 
?uids before they enter the base pipe. 
[0041] The outer shroud 34 typically is a tubular member 
installed for protection. In some screen designs, the shroud 
is not present. The base pipe 30 is typically a tubular 
member thirty feet long With an internal axially-extending 
passageWay that forms a ?oW path. The base pipe 30 acts as 
the backbone and provides structural stability to the screen 
section 16. Typically, the ends of the base pipe 30 are 
threaded (not shoWn) to alloW the screen section 16 to be 
coupled into the production string system. Perforations, 
ports or slots are provided in the Wall of the base pipe to 
alloW ?oW into the interior. In some screen systems these 
openings in the Wall are spaced along the length of the base 
pipe and in others, such as ?oW-control screens, the place 
ment of the holes is localiZed. While the present inventions 
are not limited to ?oW-controlling screens, the exemplary 
embodiment selected for describing the present inventions 
as illustrated in FIGS. 2-3 is a ?oW-control type screen With 
openings or perforations 40 located only at one end of the 
base pipe 30. 
[0042] The ?lter portion 32 is typically tubular shaped and 
is made from a ?lter medium such as Wire Wraps, mesh, 
sintered material, pre-packed granular material, and other 
materials knoWn in the industry. The ?lter medium can be 
selected for the particular Well environment to effectively 
?lter out harmful solids from the hydrocarbon production. 
[0043] A drainage layer 36 can be formed in the annular 
space 38 formed betWeen the ?lter portion 32 and the outer 
surface of the base pipe 30. Fluids ?oW inWardly (or 
radially) through the ?lter portion 32 and into the drainage 
layer 36. The drainage layer 44 alloWs ?uids in the annular 
space to ?oW parallel to the outer surface of the base pipe 30 
in axial and circumferential directions. 

[0044] The screen system 16 shoWn in FIGS. 3a and 3b is 
a ?oW control type screen assembly. In this embodiment the 
drainage layer 36 is blocked at one end (see FIG. 3b) and, 
as shoWn in FIG. 3a, communicates With an annular cham 
ber 42 forming the input of a ?oW control assembly 44 
(sometimes called an in?oW control device). The ?oW 
control assembly 44 is positioned betWeen the ?uid leaving 
the drainage layer 36 and the ports 40. Basically, the ?oW 
control assembly 44 includes one or more ?oW restricting 
structures to restrict the volume of ?oW through the screen 
16. The ?oW control assembly 44 is typically located in the 
?oW path betWeen the ?lter portion and the interior of the 
base pipe. 
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[0045] As illustrated in FIG. 3a, the ?oW-control assembly 
44 uses helix channel ?oW paths to restrict ?oW. The length, 
cross section and other characteristics of the paths may be 
selected to thereby vary the ?uid ?oW volume through the 
screen. Although the helix path ?oW-control type screen 
assembly is illustrated herein, it Will be appreciated that 
other con?gurations of screens and ?oW-control devices are 
possible in keeping With the principles of the inventions. 
Persons of skill in the art Will appreciate that other ?oW 
control assembly designs could be used, such as those 
disclosed in US. patent application Ser. No. 11/409,734 
entitled INFLOW CONTROL DEVICES FOR SAND 
CONTROL SCREENS to William Richards, et al., ?led on 
Apr. 24, 2006, Which application is incorporated herein by 
reference for all purposes. 
[0046] FIGS. 4, 5a and 5b illustrate respectively, an iso 
meric vieW and cross-section vieWs of a cylindrical structure 
that can comprising one embodiment of either the drainage 
layer 36 or one embodiment of the ?lter 32. By referring to 
FIGS. 4, 5a and 5b the structure and method of making the 
drainage layer 36 of FIG. 2 Will be described as an example. 
In this embodiment, the drainage layer 36 is a tubular 
member With a generally cylindrical shape. 
[0047] The Wall of the drainage layer 36 is a “Wire 
Wrapped rib based structure”, i.e., the Wall comprises a 
plurality of ribs 46 each joined to Wraps 50 of a Wire 48 
positioned in spiral pattern. In the illustrated embodiment 
the ribs 46 have a generally tapered cross-section. In the 
drainage layer embodiment, the Wire 48 is of no particular 
cross section shape but can have special shapes such as is the 
“V” and trapeZoidal cross sectional shaped Wire used in 
What are knoW in the industry as Wire-Wrapped screens. The 
Wraps 50 are spaced apart to form gaps 52 and Welded to the 
ribs 46 to form a self-supporting cylindrical screen-like 
structure. In the drainage layer embodiment the gaps 52 are 
selected to be of a siZe to alloW ?uid ?oW betWeen the 
individual Wraps 50. In an alternative embodiment of FIG. 
5a, the ribs 46 are located outside the Wire 48. As is knoWn 
by persons of skill in the industry, the Wire 48 is made from 
a material that is rigid enough to remain in place but 
su?iciently ductile to deform to a shape to contacts the ribs 
46. The Wire 48 is typically metallic material and in the 
illustrated embodiment it comprises steel material that is 
Welded to the ribs 46. 
[0048] The drainage layer 36 is positioned in the annular 
space betWeen the ?lter and the base pipe. The drainage 
layers form supports for the ?lter and a ?uid ?oW paths in 
the annulus surrounding the base pipe. The Wall of the 
drainage layer forms or includes axial and radial ?uid ?oW 
paths therein to alloW ?uid ?oWing through the ?lter to ?oW 
along the base pipe. 
[0049] The drainage layer 36 can be left in a generally 
tubular shape or can have a longitudinally extending cut 54 
severing the Wire Wraps 50 and forming a gap 39 betWeen 
the severed edges. The cut extends the length of the screen 
thereof. Ribs 56 extend along the edges of the cut 54 to 
anchor the free ends of the Wire Wraps 50. In the illustrated 
embodiment, the cut 54 is parallel the axis of the layer 36, 
or generally transverse to the Wraps. It is envisioned that the 
cut could extend longitudinally along the drainage layer 36, 
but not parallel to the center line, for example, to extend in 
a curve or spiral. 

[0050] The drainage layer 36 could be formed by posi 
tioning the ribs 46 and 56 on a cylindrical mandrel or other 
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form and the Wire 48 positioned around and Welded to the 
ribs in a conventional manner as used to make Wire screens. 

The Wires can be positioned to form a generally cylindrical 
shape Which is some What distorted into polygonal ?ats (not 
shoWn) in the portions spanning the unsupported space 
betWeen adjacent ribs. The inner-most surfaces of the ribs 
(or, in FIG. 5a, the inner surface of the Wraps 50) de?ne an 
inner-base cylinder shape and the outer surfaces of Wraps 50 
(or, in FIG. 5a, the outer surface of the ribs) de?ne an 
outer-base cylinder shape. The inner-base cylinder shape 
faces the outer surface of the base pipe 30, and the outer 
base cylindrical faces the interior surface of the ?lter 32. 
[0051] The cut 54 can be formed either before or after 
removal of the drainage layer 36 from the mandrel. The cut 
54 could be formed as a narroW slit, or a section could be 
removed to form a Wider gap. Once cut, the drainage layer 
36 could be described as having a generally has a closed “C” 
shaped cross section. 
[0052] The drainage layer 36 is installed on a base pipe 30 
by spreading the cut 54 as necessary preferably Without 
substantial permanent deformation and inserting the base 
pipe 30 in the center opening. It is envisioned that the 
drainage layer 36 could be dimensioned so that the inner 
base cylinder shape is smaller than the outside surface of the 
base pipe 30. When the drainage layer 36 is constructed from 
Wire 48 made from most metallic materials, the assembly 
Will have spring-like characteristics to grip the base pipe and 
hold the drainage layer in place adjacent the base pipe 30. 
[0053] By forming the drainage layer separately from the 
base pipe, the drainage layer can be positioned tightly 
surrounding in a snug or interference ?t but need not be 
coupled (joined) to the base pipe itself. HoWever, the drain 
age layer could be formed as described herein and if desired 
Welded or otherWise joined to the base pipe after positioning 
on the base pipe. 
[0054] Alternatively, the drainage layer 36 may be dimen 
sioned so that the outer-base cylinder shape is larger than the 
interior shape of the ?lter 32. For example layer 36 could 
have a larger outer diameter than the internal diameter of the 
?lter 32. The outer shape of drainage layer can be com 
pressed While it is inserted into the ?lter, then released to 
contact or lay adjacent to the ?lter’s inner surface in a snug 
or interference ?t. The embodiment of FIG. 5a With the ribs 
on the outer surface is ideal for this alternative con?guration. 
[0055] In FIG. 5, the cut 54 is held spread open by a 
channel shape clip 58 Wedged against the ribs 56. Preferably, 
the cut 54 is spread to enlarge the inner-base cylinder to a 
su?icient siZe to alloW the drainage layer 36 to be positioned 
around the base pipe 30. If the drainage layer 36 is left 
tubular, it can be formed using the base pipe 30 as a mandrel 
or installed on the base pipe 30 by inserting the base pipe 30 
through the center of the drainage layer 36. The ?lter and 
shroud can be installed to complete assembly of the Well 
screen. 

[0056] As previously stated, an embodiment of the ?lter 
32 could be constructed as illustrated and described in FIGS. 
4, 5a and 5b With regard to the drainage layer 36. These 
FIGS. 4, 5a and 5b Will be used to describe this embodiment 
of the ?lter 32 and for purposes of description, reference 
numerals used in the describing this ?lter 32 embodiment 
are the same as previously used to refer to like parts of the 
drainage layer 36. In this ?lter embodiment, the gaps 52 
(spaces betWeen the Wrap Wires) are selected to be small 
enough to perform ?ltering of solids from the ?uids passing 
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through the ?lter 32. The Wire 48 positioned around the ribs 
46 of the ?lter 32, preferably has a tapered V or trapezoidal 
cross section shape but need not be of any special shape. As 
With the drainage layer the ?lter can be cut end to end to 
form for installation and the cut can be closed after instal 
lation, as described With respect to the drainage layer. 
[0057] A Well screen can be assembled using this embodi 
ment of the ?lter 32 cut end to end. The ?lter 32 can 
appropriately dimensioned spread open and assembled in a 
snug or interfering ?t around any of the embodiments of the 
drainage layer or alternatively around the base pipe itself. 
Indeed, in one embodiment the ?lter 32 is installed around 
a base pipe having a Wire Wrapped drainage layer structure 
thereon. After assembly but before installing the shroud 34, 
the cut 54 in the ?lter could be closed as described With 
respect to the drainage layer. 
[0058] In an alternative Well screen embodiment, the ?lter 
32 is installed inside the shroud 34 by ?rst compressing the 
?lter 32 and then releasing it to expand after positioning it 
inside the shroud 34. The cut 54 can be closed if desired, and 
the base pipe installed inside the ?lter. 
[0059] FIGS. 6 and 6a illustrate an alternative exemplary 
embodiment of the drainage layer 60 located betWeen the 
base pipe 30 and ?lter 32. Drainage layer 60 comprises a 
plurality of tubular members 62 extending along the length 
of the ?lter 32. The ends of the tubular members 62 have one 
end blocked off and the other end in ?uid communication 
With the intake manifold 42 of the How control device. The 
tubular members 62 have their Walls perforated as shoWn in 
FIG. 6a. Holes 64 or slots 66 ofvarious siZes and shapes are 
suitable to act as perforations. The tubes 62 are illustrated as 
joined together at their edges. A generally “C” shaped 
cross-section structure is formed by connecting adjacent 
tubes 62 and leaving one opening to form a gap 68. The gap 
opens up during installation on the base pipe 30. Altema 
tively, unconnected tubes could be arranged around the base 
pipe and either left unattached or held in place on the base 
pipe by fasteners, bands, Welding or the like. 
[0060] FIG. 7 illustrates an alternative exemplary embodi 
ment of the drainage layer 70 located betWeen the base pipe 
30 and ?lter 32. Drainage layer 70 comprises a sintered 
laminate Wire tube. Alternatively, the tube can be slit along 
its length as previously described. Multiple layers of Woven 
Wire mesh may be laminated together using sintering (mo 
lecular diffusion-bonding process). In this embodiment, the 
same process used to fuse individual Wires together Within 
the layers of Wire mesh is used to join adjacent layers of 
mesh. The Wire mesh laminates can range from a tWo-layer 
laminate of ?ne ?lter meshes With an overall thickness of 
0.006" to heavy plate-like or brick-like structures compris 
ing many hundreds of layers of various meshes With overall 
thicknesses of 2" or more. By combining multiple layers of 
different mesh Weaves, it is possible to design materials With 
speci?c thicknesses, permeability, pore siZe and mechanical 
strength. 
[0061] FIGS. 8, 8a, and 8b illustrate an alternative exem 
plary embodiment of the drainage layer 80 located betWeen 
the base pipe 30 and ?lter 32. Layer 80 comprises a plurality 
of “U” shaped elongated channels 82 joined together at 84 
to form a tube structure. Alternatively, the tube can form a 
slit along its length as previously described. The channels 82 
can have slots (see FIG. 8a) and/or can have perforations 
(see FIG. 8b) to permit cross ?oW betWeen the passageWays 
formed by the channels. 
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[0062] FIG. 9 illustrates an alternative exemplary embodi 
ment for a drainage layer 90 located betWeen the base pipe 
30 and ?lter 32. In this embodiment, the elongated channels 
92 can be described as having a generally “S” or “Z” shape, 
and adjacent channels are joined together at 94 to form a 
tube. Alternatively, the tube can form a slit along its length 
as previously described. Holes 96 (and/or slots not shoWn) 
are provided in channels 92 to permit cross ?oW betWeen the 
passageWays formed by the channels. 
[0063] FIGS. 10 and 10a illustrate an alternative exem 
plary embodiment of the drainage layer 100 located betWeen 
the base pipe 30 and ?lter 32. The drainage layer is con 
structed out of sheet material 102 formed into a corrugated 
shaped tubular member in Which the surface of the sheet 
material has been deformed to form How paths. Altema 
tively, the tube can be slit along its length as previously 
described. Holes 104 (and/or slots not shoWn) are provided 
in sheet metal 102 to permit cross ?oW betWeen the pas 
sageWays formed by the channels. 
[0064] FIGS. 11 and 11a illustrate an alternative exem 
plary embodiment of the drainage layer 110 located betWeen 
the base pipe 30 and ?lter 32. Layer 110 comprises either a 
sheet of material With its Wall formed into a tubular member 
112 With “V” shaped deformation in the Wall thereof form 
ing ?oW paths. Alternatively a plurality of elongated “V” 
shaped members 114 on the outside of the base pipe 30 could 
be used. The members 114 can be joined together at their 
adjacent edges to form a tube or mounted individually on the 
base pipe 30. Alternatively, the tube can have a slit along its 
length as previously described. Holes 116 and/or slots 118 
are provided in the members 114 or the tube 112 to permit 
cross ?oW betWeen the corrugations and How passageWays 
formed by the members. 
[0065] The drainage layer could also be formed from sheet 
material that is a generally cylindrical shaped tubular mem 
ber and Wherein the Wall is deformed to form a plurality of 
indentions and protrusions in the surfaces of the material. 
These deformations form How paths When installed on a 
base pipe. 
[0066] FIG. 12 illustrates an alternative exemplary 
embodiment of the drainage layer 120 located betWeen the 
base pipe 30 and ?lter 32. Layer 120 is formed by packing 
the annular area formed betWeen the ?lter 32 and base pipe 
30 With particulate material 122 such as proppant-type 
materials used in fracturing treatments and in gravel packing 
installations. Particulates, such as sand, gravel, ceramic, 
metal and plastic proppants and gravel pack materials could 
be used. While a variety of siZes could be used, particulates 
siZed from 0.02 inches to 0.264 inches are preferred. 

[0067] FIG. 13 illustrates an alternative exemplary 
embodiment of the drainage layer 130 located betWeen the 
base pipe 30 and ?lter 32. In this example, drainage layer 
130 comprises a tube 132 formed at least in part from a 
ceramic ?lter material. Ceramic ?lter material is commer 
cially available from a plurality of suppliers, such as, 
Cleen-Flo Alumina Ceramic Foam Filters; Cleen-Flo Silicon 
Carbide Ceramic Foam Filters; and Cleen-Flo Zirconia 
Ceramic Foam Filters from Blasch Precision Ceramic of 
Albany, N.Y. Material With at least about 50% porosity is 
preferred. As previously discussed, the tube 130 could be cut 
in a longitudinal direction from end to end. In addition, the 
drainage layer 130 could be formed from longitudinally 
extending members With a variety cross-section shapes, such 
as, quadrilaterals, triangles, circular, oval, tubular or others. 








