PARTI CLE CONTROL SCREEN W TH DEPTH FI LTRATI ON.
RELATED APPLI CATI ONS [ 0001) This application clains
the benefit of U S. Provisional Patent Application
W 20080401907, 897, filed May 4, 2006, the enti PET/US2007/004473
di scl osure of which is hereby incorporated herein by
ref erence. BACKGROUND [ 00021 The present invention
relates to a particle control screen for depth
filtration, particularly for use in a well.
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Nat ural bitunmen, also called tar sands or oil sands,
generally has a viscosity greater than 10, 000
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oil is nore difficult to renove frontthe formation
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100101 In accordance with a second aspect of the
present invention, there is provided a particle
control screen, conprising: a support layer; a first
filter layer disposed around the support |ayer; a
second filter layer disposed around the first filter
layer; a third filter |ayer disposed around the
second filter layer, wherein each of the filter

| ayers has a pore size, and the pore size of the
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baseloppg@difeand a particle control screen assenbly

di sposed around the base pipe, conprising: a support

| ayefop08] first filter |ayer disposed around the
support |ayer and having a pore size between 75 and
300 micron; a second filter layer disposed around the
first filter layer and having & pore size of between
150 and 400 nmicron; a third filter |ayer disposed
around the second filter |layer and having a pore
size of between 200 and 1200 mi cron; wherein at | east
a first end of the particle control screen assenbly
is circunferentially welded to the base pipe; wherein
at least one of the filter layers is wire nesh; and
further conprising a weld seam running the | ength of
the particle control screen assenbly and connecting
each of the filter layers together, the weld seam




[0014] Fig. 3Ais a partial cross-sectional view of

t he downhol e assenbly of Fig. 1. [0015] Fig. 3Bis a
partial cross-sectional view of another enbodi nent of
a downhol e assenbly. [0016] Fig. 4 is an end vi ew of
t he downhol e assenbly of Fig. 1. [0017] Fig. 5is a
perspective cutaway view of an enbodi nent of a
downhol e assenbly [0018] Fig. 6 is a graph show ng
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pluggi ng of the screen occurs. The present invention
laysesgs wangtreshi andrfyrtherromprisingp welfl Seane ninngigstbe length of the
particles at different |ocations throughout the
thickness of a filtration nedia. Larger particles are
trapped on the outernost filter layer with the inner
| ayers trapping smaller and snaller particles untii
reaching the final desired mcron rating. Depth
filtration prevents the particle build-up from
decreasing the mcron rating of the filter and
i ncreases the particles holding capacity of the
filter, giving the filter a longer |ife. 0024] The
present invention is particularly useful for
filtering heavy oil. As used herein, the term "heavy
oi " includes heavy oil, extra heavy oil, oil sands,
tar sand, and bitunen. Because of its high viscosity,
heavy oil does not flowreadily in conventiona
wells. Heavy oil can be extracted using severa
met hods i ncl uding, but not limted to, steam fl ood,
steam assi sted gravity drain (SAG), and cold
production. In the steamfl ood nethod, injection
well's punp steaminto the heavy oil reservoir. The
pressure of the steamforces the heated heavy oil to
adj acent production wells. In SAG, two horizont al
wells are drilled in the oil sands, one at the bottom
of the formation and anoth above it. Steamis
injected into the upper well where the heat nelts the
bi tumen. The bitunmen flows into the |lower well, where
it is punped to the surface. In cold production, the
oil is sinply punped out of the formation, often
usi ng speciali 7ed punps called progressive cavity
punps. This only works well in areas where the oil is
fluid enough to punp. Each of these nmethods generally
results in production fluids with higher particulate
content than conventional oil deposits. (0025]



[ 0026] The particle control screen assenbly 10 is
typically cylindrically shaped to mate with the base
pi pe 20. As shown in Fig. 2A, the particle contro
screen includes at | east one support |ayer 12 and at

| east two filter layers 14, 16 around the support

| ayer 12. To create a depth filtration effect, the

pore size of the outer filter layer 16 is greater
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protects the screen assenbly 10 at its end,

be wel ded to other structures (such as the base pipe
20) or can be wel ded upon as desired wi thout concern
about burning the screen wires of the nmesh | ayers.
The filter layers 14, 16, 18 nmay al so overlap part of
the metal structure 40 material and be wel ded
thereto. A circunferential metal weld 42 connects the
screen assenbly 6 10.and the cylindrical netal
structure 40. In an enbodi nent shown in Fig. 3D, a
particle screen assenbly 17 includes one support

| ayer 12 and two filter layers 14 and 16. [00311 .4s
shown in Figs. 3A, 313, and 4, the support |ayer 12



i nfluence the selection of the pore sizes of the nesh
| ayers in the particle control screen assenbly. In
vari ous enbodi nents, the first filter layer 14 may
have a pore size of between 100 and 200 micron or

bet ween 200 .and 300 m cron. The second filter |ayer
16 may have a pore size between 150 and 300 m cron,

bet n %%_ 7. 350 nrcrog or between 300 and 450
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Imﬁbpum 0.02 inch and about 0.3 inch, preferably
bet ween about 0.05 inch andpabout 0.15 inch, and nost
preferably between about 0.07 inch arid 0.09 inch. In
wel | applications, the particle control screen
assenbly 10 typically has an axial |ength of between
about 3 feet and about 40 feet. It wll be
appreci ated that actual size ranges can vary
dependi ng upon actual well requirenents. [0039]
Turning now to a nethod of form ng the particle
control screen assenbly 10, the support |layer 12 and
filter layers 14, 16, 18 may be diffusion bonded,



10 [ 0045] The particle screen assenbly 10 may be
di sposed onto' a base pi pe 20 with any nunber of

wr apper configurations, with circunferential welds
bei ng made at each end of the particle screen
assenbly 10 to forma conplete well screen. The
particle screen assenbly 10 can be assenbl ed al ong
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mcron rating of 125 m cron reen a
betmeku 085 ingb agd Pgrinc.ayers and four filter Iayers

T T e B bRl 222
povidRl ARARE Eof fittdriy 2Pt ©r® dOPBhAS ©rfafb® Bomprising:
providing an assembly comprising: a base pipe; and a particle control screen
assembly comprising: a support layer; a first filter layer disposed around the support
layer; and a second filter layer disposed around the first filter layer, wherein each of
the filter layefs has a pore size, and wherein the pore size of the second filter layer is
greater fhan the pore size of the first filter layer, and wherein at least a first end of
the particle control screen asserhblj is circumferentially welded to the base pipe;
disposing the assembly into a downhole formation comprising a fluid comprising
heavy oil; drawing in the fluid from the formation through the particle control screen
assembly and into the base pipe, wherein the particle control screen assembly filters
the fluid; wherein at least one of the filter layers is wire mesh; and wherein each
filter layer has a layer thickness of between 0.005 inch and 0.06 inch.

[0010h] In accordance with a tenth aspect of the present invention, there is

provided a particle control screen, comprising: a support layer; a first filter layer

3c



Internediate filter 80X80X0. 0055 180 mi cron | nner
filter 24X110 125 mcron Quter support |ayer
20X20X0. 016 I nner support layer 16X16X0.023

Exanpl e 2 [0050] A screen assenbly is prepared with a
desired Filtration mcron rating of 180 m cron. The
screen assenbly i ncl udes two support layers and three -

It h inT e 2 below Table 2
iyt sop TR suogtiare s bitend BhSr Frardioratpaanendats it

fHAP 14366 QRird filter layer disposed around the second filter layer, wherein each
of the filter layers has a pore size, and the pore size of the third filter layer is greater
than the pore size of the second filter layer, and the pore size of the second filter
layer is greater than the pore size of the first filter layer; wherein at least one of the
filter layers is wire mesh; and further comprising at least one additional mesh layer
disposed between two adjacent filtration layers.

[0010i] In accordance with an eleventh aspect of the present mvention, there is
provided a downhole assembly comprising: a perforated bas.e pipe; and a particle
control screen assembly disposed around the base pipe, comprising: a support layer;
a first filter layer disposed around the support layer and having a pore size between
75 and 300 micron; a second filter layer disposed around the first filter layer and
having a pore size of between 150 and 400 micron; a third filter layer disposed
around the second filter layer and having a pore size of between 200 and 1200
micron; wherein at least a first end of the particle control screen assembly is
circumferentially welded to the base pipe; wherein at least one of the filter layers is
wire mesh; and further comprising at least one additional mesh layer disposed

. between two adjacent filtration layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011}] Fig. 1is a perspective cutaway view of an embodiment of a downhole
assembly.

[0012]  Fig, 2A is a side cutaway view of the downhole assembly of Fig. 1.
[0013] Fig. 2B is a side cutaway view of another embodiment of a downhole
assembly.

{0014]  Fig. 3A is a partial cross-sectional view of the downhole assembly of
Fig. 1.

[0015]  Fig. 3B is a partial cross-sectional view of another embodiment of a
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Internediate filter 50X50X0.009 280 micron |nner
filter 80X80X0. 0055 180 m cron Quter support |ayer
20X20X0. 016 I nner support |ayer 16X1 6X0.023

Exanpl e 3 10051] A screen assenbly is prepared with a
desired filtration mcron rating of 250 mcron. The
screen assenbly includes one support |ayer and three
filter layers, as shown in Table 3 below Table 3
dospbele Msemblyi ze Pore size Quter filter 24X24X0.014

[36)1%] m %{goq 1s an end view of the downhole assembly of Fig. 1.

[0017] Fig. 5 is a perspective cutaway view of an embodiment of a downhole
assembly.
[0018]  Fig. 6 is a graph showing the pressure drop as a function of time for

tests involving various screen assemblies.

3e



I ntermediate filter 40X40X0.010 380 micron |nner

filter 12X95 250 m cron Support |ayer 16X16X0.023
Exanpl e 4 [0052] A screen assenbly is prepared with a
wiegearashipi | tration mcron rating of 425 m cr GAET/UA@7/004473
screen assenbly includes one support layer and two
filter layers, as shown in Table 4 below Table 4

Layer Mesh size Pore size Quter filter 24X24X0.014

700 micron Inner filter 132X16

f0019]  Fig. 7 is a graph showing the amount of retained particles as a function
of time for tests involving varicus screen assemblies.

[6020]  Fig. 8 is a graph showing the pressure drop as 2 function of time for
tests involving various screen assemblies

[0021]  Fig. 9 is a graph showing the amount of retained particles as a function

of time for tests involving various screen assemblies.

DETAILED DESCRIPTION

[0022]  The invention is described with reference to the drawings in which Tlike
clements are referred to by like numerals. The relationship and functioning of the
various elemernts of this invention are better mnderstood by the following
description. Each aspect so defined may be combined with any other aspect or
aspects unless clearly indicated to the contrary. The embodiments as described
below are by way of example only, and the invention is not limited to the
embodiments iltustrated in the drawings.

[0023] In conventional surface filtration methods, particles are captured on the
filter layer, resulting in an effective micron rating signiﬁc‘auﬂy smaller than the
tiicron rating of the original filtration mesh to the extent that plugging of the
screen occurs, The ﬁresent invention uses depth filiration to trap different size
patticles at different locations throughout the thickness of a filtration media.
Larger particles are trapped on the outermost filter layer with the inner layers
trapping smaller and smaller part:icleé until reaching the final desired micron
rating. Depth filtration prevents the particle build—up from decreasing the micron
rating of the filter and increases the particles holding capaéity of the filter, giving
the filter a longer life. ' | 4 '
[0024]  The present invention is particularly useful for filtering heavy oil. As
used herein, the term “heavy oil” includes heavy oil, extra heavy oil, oil sands, far
sand, and bitumen. . Because of its high viscosity, heavy oil does not flow readily
in conventional wells. Heavy oil can be extracted using several methods
including, but not limited to, steam flood, steam assisted gravity drain {SAGD),

and cold production. Tn the steam flood method, injection wells pump steam into

4



400-450 m cron Support layer 10Xl OX0. 035 Ei anple 5

[ 0053] A screen assenbly is prepared with a desired
filtration mcron rating of 125 m cron. The screen
wigsemhboei ncl udes two support |ayers and fi veGIiys2en7/004473
| ayers, as shown in Table 5 below Table 5 Layer Mesh-
size Pore-size Quter filter 50X50X0.009 280 m cron
Intermdi ate filter 60X60X0. 0075 230 micron

Intermediate filter 70X70X0. 0065 200 micron

Internediate filter 80X80X0. 0055

the heavy oil reservoir. The pressure of the steam forces the heated heavy oil to
adjacent production wells. In SAGD, two horizontal wells are drilled in the oil
sands, one at the bottom of the formation and another above if, Steam is injected
into the upper well where the heat melts the bitumen. The bitumen flows iato the
lower well, where it is pumped to the surface. In cold production, the oil is simply
pumped out of the formation, often using specialized pumps called progressive
"cavity pumps. This only works well in areas where the oil is fluid enough to
pump. Bach of these methods generally results in production fluids with higher
particuldte content than conventional oil deposits. ‘
[0025] Referring to Figé. 1 and 2A, a first embodiment of a particle control
screen assembly 10 is illustrated as being incorporated ifto a s.and or particle filter
system. The particle control scroon assembly 10 is mounted on a base pipe 20 that
z;lay be disposed, for example, in a wellbore. A éarticle control screen assembly
10 is disposed around the base pipe 20, and a wrapper or shroud 30 is disposad
around the particle control screen assembly 10. The wrapper 30 is generally
petforated, slotted, or wire wrapped. A portion of the base pipe 10 is perforated
with holes 22 to allow petroleumn, natural gas, or heavy oil to flow in ffom the
wellbore. To prevent sand and other particles from being drawn into the base pipe
20 through such holes 22, the perforated portion of thé base pipe 20 is covered by -
the particle control screen assembly 10. Although Fig. 1 shows the various layers
cut away fox_'- viewing puzposes, in actnal use the layers would typically run
substantially the entire length of the base pipe 20.
{0026} The ﬁarticlc control screen assembly 10 is typically cylindrically
shaped to mate with the base pipe 20. As shown in Fig. 2A, the particle confrol
screen includes at least one support layer 12 and at least iwo filter layers 14, 16
around the support layer 12. To create a depth filfration effect, the pore size of the
- outer filter layer 16 is greater than the pore é.ize of the inner flter layer 14. In one
embodiment, the particle control screen includes three filters layers 14, 16, 18,
where the pore size of the outer filter layer 18 is greater than the pore size of the
second filter layer 16, and the pore size of the second filter layer 16is greater than
the pore size of the inner filter layer 14.
5



180 micron Inner filter 243(110 125 m cron Quter
support | ayer 20X20X0.016 |nner support | ayer
16X16X0. 023 Exanpl e 6 100541 A screen assenbly is

WO epandodnv th a desired filtration m cron rafCRFSY07/004473

I

150 m cron. The screen assenbly includes a wre wap
and four other filter |ayers, as shown in Table 6

bel ow. Table 6 Layer Mesh size Pore size Quter filter
30X30X0. 012 540 micron Internediate filter
40X40X0..010

t()()Z’?] . The number of filter layers may vary depending on the desired
application. For example, in another embodiment, the particle control soresn may
include a fourth filter layer (not shown) disposed between the suppors layer 12 and
the inner filter layer 14. In other embodiments, the particle control screen may
include five, six, or more filter layers.

[0028] The support layer 12 provides structural support for the screen

. assembly 10 and also may act as a drainage layer. The support layer 12 may be

woven wire mesh, welded wire, wire wrap, or any other structure which supports
ihe filtration layers and gives flow path for dtainage.of the formation fluid
between the filter media and the base pipe. A second embodiment of the particle
control screen 15, shown in Fig. 2B, inclades a second support layer 13 disposed
around the inner support layer 12. The second support layer 13 provides
additional structural support and drainage capacity.

[0029] The filter layers 14, 16, 18 may Be wire mesh. However, other
materials are also possible. The filter layers 14, 16, 18 can be diffusion bonded,
sintered, or unsintered. A variety of types of weaves may be used, including '
square (including both plain or twilled) and dutch (inc{uding plain, twilled, reverse
or reverse twilled). ‘The filter layers 14, 16, 18 preferabl& use square mesh to
form the depth filtration media. However, the filter layers 14, 16, 18 may also use

off—aspect or “off-count” weaves, which are weaves that are plain woven with the

. warp and the shute wires of the same dlameter with different wire counts, It

should be noted that the filter layers 14, 16, 18 can be formed using all types of —

mesh and mesh counts and wire diameters.

-[0030]  Asshown in Figs. 3A and 3B, the support layer 12 and filter layers 14,

16, 18 are generally in direct contact with each other. Depending on the
application, a cylindrical metal siructure 40 may also be used. Metal structure 40
provides-a. “safe edge” that protects the screen assembly 10 at its end, and cau be
welded to other structures (such as the base pipé 20) or can be welded upon as
desired without concern about burning the screen wires of the mesh layers. The
filter layers 14, 16, 18 may also gverlap part of the ﬁewl structure 40 material and

_ be welded thereto. A circumferential metal weld 42 connects the screcn assembly

6



380 micron Internediate filter 60X60X0.0075 230
mcron Internmediate filter 80X80X0.0055 180 mi cron
Wre Wap 150 micron Exanple 7 100551 A screen
ves sevidoyss s prepared with a desired filtrati ®ECTHSEIGN04473
rating of 150 micron. The screen assenbly includes a
wre wap and four other filter |ayers, as shown in
Table 7 below. Table 7 Layer Mesh size Pore size
19|JIt ?:ar filter 50X50X0. 009 280 micron Internediate
10 and the cylindrical metal structure 40. In an embodiment shown in Fig. 3B, a
particle screen assembly 17 includes one support _layer 12 and two filter layers 14
and 16.
[0031] -As shown in Figs. 34, 3B, and 4, the support layer 12 and mesh layers
14, 16, 18 are preferably in direct contact with each other with no appreciable gap
between the layers. However, it is possible to have gaps between éome or all of
‘the layers. Addiﬁonaﬁy,' it is possible to have spacers or other materials, such as
additiona! mesh layers, between the mesh layers. These spacers or additional
mesh layers may be especially useful for applications using sintered or diffusion -
bonded mesh layers. Furthermore, the part;icle control screen 10 may also be used
in expandable screen applications.
[0032]  As best seen in Fig. 1, the particle control screen 10 desirably includes a
Jongitudinal weld seam 32 rusning the length of the particle control screen
assembly 10, The weld seam 32 seals one edge 34 of the filter layer to the other
edge 36. The weld seam 32 may also connect the support layer 12 and filter
layers 14, 16, 18 together. As described below, the filter layers may also be
spirally wrapped around the base pipe 20. ' '
[0033] To provide sufficient sand and particulate filtering, the filter layers 14,
16, 18 bave pore siZes to selectively provent the inflow of certain sizes of particles
through the base pipe 20. The first or innermost filter layer 14 preferably has a ‘
_pore size of between 75 and 300 micron. The second or intermediate filter laj-(er
* 16 preferably has a pore size of between 150 and 400 micron, The third or outer
filter layer 18 preferably has a pore size of between 200 and 1200 micron. An
additional filter layer (not shown) may be disposed around the support layer 12 as
_ an innermost layer with a pore size between 75 micron and 150 micron.
{0[134] Different downhole conditions may involve fluids with different .
particle size distributions. Thus, the particle size distribution of the fluid may
influence the selection of the pore sizes of the mesh layers in the particle control
screen assembly. In various embodiments, the first filter layer 14 may have a pore
size of between 100 and 200 micron or between 200 and 300 micron. The second
filter layer 16 may have a pore size between 150 and 300 micro-n, between 250 and
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60X60X0. 0075 230 mcron Internediate filter

70X70X0. 0065 200 mcron Internediate filter

80X80X0. 0055 180 mcron Wre Wap 150 m cron
wWEXmap13e18 [ 0056] A screen assenbly is prepar BATHFORT/P4473
desired filtration mcron rating of 140 m cron. The
screen assenbly includes two support layers and five
filter layers, as shown in Table 8 below. The filter

| ayers are square weave. Table 8 Layer Mesh size Pore
size Quter filter 50X50X0.009 280 m cron Internediate

filter
350 micron, or between 300 and 450 micron. The third filter layer 18 may havea

pore size between 500 and 1200 micron, between 200 and 400 micron, between
500 and 600 micron, or between 600 and 300 micron.
[0035]  The support or drainage layer(s) 12 (and 13, if present) is typically
much coarser than the filter layers.” For example, typical sizes for the support layer
12 include 16x16x0.023”, 20x20x0.016”, and 10x10x0.035”. The support layer(s)
12 and/or 13 may also be‘ a much coarser layer (such as SXSX0.0BZ”), which,
however, would make it difficult fo integrally weld with the other meshes at the
seam. In the event that a coarser support / drainage layer(s) is required, the
support/ drainage layer(s) would generally not be tied into the seam weld. The
support and/or filter layers may also include wire wrap.
[0036] At least onc end 24 of the particle control screen assembly 10 (and/or

. meta] structure 40) is typically circumferentially welded to the base pipe 20 by
~weld 26. A wrapper 30 is dispased around the particle conirol screen and also
preferably welded thereto. This arrangement provides a seal between the base
pipe 20 and the well formation, such that fluid in the formation cannot enter the
base pipe 20 without being filtered by the particle control sereen assemﬁly 10.
[0037]  The operation of the patticle control assembly 10 is as follows. The
particle control screen assembly 10 is disposed in a downhole or subsurface

- formation. A fluid comprising a hydrocarbon, such as heavy oil or crude oil,

ﬂows through the assembly 10 to the surface. The fluid may also include other
components such as natural gas, steam and/or water. The fluid flows either by
being pumped therethrough, or due to the pressure existing in the borehole. In
Howing through the assembly 10, the fluid first passes through the outer wrapper
30.. The outermost filter layer 18 removes relatively large particles from the fluid.
The next filter layer 16 removes medxum—sxzed particles from the ﬂmd. The inner
filter layer 14 removes smailer parucles from the fluid. The fuid then passes
through the holes 22 of the base pipe 20 and can then be drawn te the surface.
This mulﬁ-layér filtering provides more efficient removal of patticles than

single-layer filter.



60X60X0. 0075 230 mcron Internediate filter

70X70X0. 0065 200 mcron Inteinediate filter

80X80X0. 0055 180 micron Inner filter 100x100X0. 0045
wWdomimnen Qut er support |ayer 30X30X0.012 [|PCAAIS2007/004473
support layer 16X16X0.023  Exanple 9 [0057] A screen
assenmbly is prepared with a desired filtration mcron
rating of 125 micron. The screen assenbly includes So
support layers and six filter layers, as shown in

Table 9 below. The inner filtration layer is plain

Dut ch weave. Table 9 Layer _
[0038] Each filter layer generally has a thickness befween 0.005 inch and 0.06

inch. The particle control screen 10 typically has a cross sectional thickness of
between about 0.02 inch and about 0.3 inch, preferably between about 0.05 inch
and about 0,15 inch, and most preferably between sbout 0.07 inch and 0.09 inch.
In well applications, the particle control screen assembly 10 typically has an axial
length of between about 3 feet and about 40 feet. Tt will be appreciated that actual
size ranges can vary depending upon actual well requirements.

| [0039] Turning nowtoa method of forming the particle control screen
assembly 10, the support layer 12 and filter layers 14, 16, 18 may be diffusion
bonded, sintered, or unsintered. For unsintered filter layers, two or more filter
layers are stacked, with the mesh sizes depending on the desired filtering qualities.
The filter layers are positioned with 'respecf to each other to form a multi-Iayer
unsmtered screen. The filter layers may be tacked together to hold them in place
for the Iater fabncatlon steps. During tacking, the filter layers may be pressed flat
by a plate to prevent ripples from forming. Metal strips 40 (shown in Figs. 3A and
3B) may be attached to opposite ends of the multi-layered unsintered sereen. The
metal strips 40 are welded to the multi-layered nnsintered screen.

. [8046]  The screen is then formed info a generally cylindrical shape. If the
longitudinal edges of the layers do not align, they may be trimmed so that the
laﬁgitudjnal edges of each layer are generally coterminous. A plasma cutting
machine may be used to trim the longitudinal edges. To accomplish this, the
generally cylindrical shape is placed in the plasma cutting machine and secured
onte a mandrel. The mandrel is used to hold the generally cylindrical shape
socurely and also provide a guide for the plasma cutting machine to tmn the
fongitudinal edges. The mandrel includes a milled slot along its length. The
plasma torch fravels along the mandrel and trims the longitudinal edges of each
layer. The trimming process makes possible the formation of a longitudinal weld
of unsintered/non-diffusion bonded mesh layers. The longitudinat edges of the
mesh layers are then welded together. A longitudinal seam weld 32 is made along

the entire length of the tube, as shown in Fig. 1.



Mesh size Pore size Quter filter 30X30XO0. 012_ 540

mcron Internediate filter 40X40XO0. OlQ 380 m cron
Intermedi ate filter 50X50X0. 009 280 m cron

woternediate filter 70X70X0. 0065 200 m cron RPCT/US2007/004473
Intennedi ate filter 100X100X0. 0045 140 m cron | nner
filter 24X110 125 m cron Quter support |ayer

20X20X0. 016

[0041] Tnan aitemate form of constructmn, the filter layers are deposited
around the base pipe 20 or support layer 12 by spiral wrapping, as shown in Fig. 5.
A long strip of layer mesh including several filter layers is provided. The filter
layers 14, 16, 18 are wrapped around the base pipe 20 or other support layer such
that the edges of the filter layers overlap at spiral seam 38. Seam 38 spirals
axially along the base pipe 20 or other support as the filter layers are wound
around the base pipe 20 or other support,
[0042]  In another alternate method of construction, the filter léyers are formed
info a generally cylindrical shape and the longitudinal edges of the filter layers are
overlapped and welded. The entire ﬁlter assembly is then slid into a wrapper for
assembly to a base pipe. The ends of the screen are fastened to the base pipe using
standa:d assembly methods inclading, but not limited 1o, crunpmg, swaging or
swage and weldmg
[0043]  Ifthe filter layers are to be sintered or diffusion bonded together, two or
anore layers of filter are stacked, with the mesh sizes depending on the desired
filtering qualities. The filter layers are positioned with respect to each other to
form a multi-layer screen. The filter layers are then sintered or diffusion bonded
 together for the later fabrication steps. The support layer(s) may or may not be
mcorporated into the diffusion bonded laminate depending on application
requirements. Afier the addition of the metal structure 40 (if desired) to each end
of the laminate sheet, the screen is then formed into a generally cylindrical shape
The longitudinal edges of the mesh layers are then welded together. A
longitudinal seam weld 32 is made along the entire length of the tube.

- [0044]  The welding in each phase of assernbly may be accomplished by any -
known method, including gas tungsten arc welding (GTAW), tungsten inert gas
(TIG) welding, plasma welding, metal inert gas (MIG), and laser welding, The
material of each weld is conventional and is selected such that it is compatible
with the metal of the support tube (which in one embodiment is stainless steel) and
the mesh layers (which in one embodiment is stainless steel) The particle control
screen assembly may be made from 316L, Carpenter 20Cb3, Inconel 825, and
other types of stainless steel filter media to withstand production environmenis.
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ner support layer 16X16X0.023 Exanpl e 10 [00581A
Iscr:]r:en aggen‘ol y iys prepared with a desired filtration
mcron rating of 150 micron. The screen assenbly
wocendsmsdne support |ayer and five filter | aVEs20E904473
shown in Table 10 bel ow. The inner filtration |ayer
is plain Dutch twill weave. Table 10 Layer Mesh size
Pore size Quter filter 30X30X0.012 540 micron
Intermediate filter 40X40X0.010 380 micron
Intermediate filter 50X50X0. 009 280 nicron

Intermedjate filter .
[0045] The particle screen assembly 10 rmay be disposed onto'a base pipe 20

 with any number of wrapper cdnﬁgurations, with circumferential weldsg being
made at each end of the particle ‘screen assembly 10 to form a complete well
screen. The particle screen assembly 10 can be assembled along the length of the
base pipe 10 in sections of a given length, for example, in four foet, nive foot, or
42 foot sections, whereby each section is then secured to the base pipe 10 such as
being welded thereto. Typical lengths for a base pipe are 20, 30 or 40 feet,
although shorter or longer lengths are of course possible. In one embodiment,
multiple particle control screen assembhes 10 are connected together a parhcle
‘control assembly tube.
[0046] Because the particle control screen assembly 10 uses depth filiration, it
has a longer service life than control screens using surface filtration. It also has
- improved flow rate, reduced risk of erosion in the screen, and reduces the
frequency and cost of back-flushing the well when producﬁon slows.
EXAMPLES
[0047]  The following examples of the invenﬁon and comparative examples are
provided by way of explanation and illustration.
[00438] Particle control screen assemblies are prepared using one of the
techniques described above.
Example 1
10049} A screen assembly is prepared with a desired filtration micron rating of
- 125 micron. The screen assembly includes two support layers and four filter -

layers, as shown in Table 1 below.

Table 1
Layer Mesh size Pore size
Quier filter 30X30X0.012 . 540 micron

Jotermediate filier S0X50X0.009 280 micron
Intermediate filter S0XB0X0.0055 180 micron
Inner filter 24X110 125 micron
Quter support layer | 20X20X0.016 :
Inner support layer | 16X16X0.023

11



70X70X0. 0065 200 mcron I nner Ether 20X216 150 m cron
Support |ayer 16X16X0. 023 Exanpl e 11 [0059] A screen
assenmbly is prepared with a desired filtration mcron
wardngswess 180 m cron. The screen-assenbly i n@ECKAE2007/004473
two support |ayers and four filter |layers, as shown

in Table 11 below. The inner filtration layer is a

twill square weave. Table 11 Layer Mesh size Pore

size Quter filter 50X50X0.009 280 m cron Internediate
filter 60X60X0. 0075

Example 2

[0059] A screen assembly is prepared w1th a desired filfration micron rating of
180 micron. The screen assembly includes two support layers and three filter
layers, as shown in Table 2 below.

Table 2
Eayver Mesh size Pore size
Quter filter ‘ 30X30X0.012 540 micron,
Intermediate filter 50X50X0.009 280 micron, -
Inner filter 80X 80X0.0055 180 micron
Outer support layer | 20X20X0.016
Innér support layer 16X16X0.023

Example 3

[0051] A screen assembly is prepared with a desired filiration micron rating of
250 micron. The screen assembly includes one support layer and three filter
layers, as shown in Table 3 below.

Table 3
Layer Mesh size Pore size
Quier filter 24X24X0.014 700 micron
Intermediate filter 40X40X0.010 380 micron
Tnner filter 12X95 250 micron
Support layer 16X16X0.023 '

Examﬁle 4

~ -[0052} - A screen assembly is prepared with a desired filtration micron rating 6f
- 425 micron. The screen assembly includes one support layer and two filter layers,
as shown in Table 4 below. '

Table 4
Laver Mesh size Pore size
Outer filter 24X24X0.014 700 micron
Inner filter ) 132X16 400-450 micron
Support layer 10X10X0.035
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230 mcron Internediate filter 70X70X0. 0065 200

mcron Timer filter 80X80X0.0055 180 m cron Quter

support | ayer 30X300.012 |nner support |ayer _

W20 HX014323 Exanpl e 12 [00601 A screen asse@mibjUp2(05004473
prepared with a desired filtration mcron rating of

180 mcron. The screen assenbly includes two support

| ayers and three filter layers, as shown in Table 12

bel ow. The inner filtration layer is a plain square
weave. Table 12 Layer Mesh size Pore size

Example 5 _
[0053] A screen assembly is prepared with a desired filtration micron rating of
125 micron. The screen assembly includes two support layers and five filter

layers, as shown in Table 5 below.

Table 5
_ Layer Mesh size Pore size
Quter filter S0X50X0.009 280 micron

Intermediate filter 60X60X0.0075 230 micron
Intermediate filter 70X70X0.0065 200 micron
| Intermediate filter | 80X80X0.0055 180 micron
Inner filter | 24X110 | 125 micron
Outer support layezr | 20X20X0.016 )
Inner support layer 16X16X0.023

Example 6 _
[0054] A screen assembly is prepared with a desired filtration micron tating of
150 micron. The screen assembly includes a wire wrap and four other filter layers

¥

as shown in Table 6 below.

Table 6
Layer , Mesh size Pore size
Outer filter - 30X30X0.012 540 micron

Intermediate filiter 40X40X0.010 380 micron
| Intermediate filter 60X60X0.0075 230 micron
Intermediate filter 30X 80X 0.0055 180 micron
Wire Wrap 150 micron

Example 7 .
[0055] A screen assembly is prepared with a desired filtration micron rating of
150 micron. The screen assembly includes a wire wrap and four other filter layers,

as shown in Table 7 below.

13



Quter filter 60X60X0.0075 230 mcron Internedi ate

filter 70X70X0.0065 200 nicron Inner filter

80X80X0. 0055 180 micron Quter support |ayer

wO3@oXesl2 | nner support | ayer 16X16X0.023PCTaBgmwmywn
Exahple 13 [0061] A screen assenbly is prepared with

a desired filtration mcron rating of 140 m cron. The
screen assenbly includes two support layers and four

as shown in Table 13 bel ow. The inner

filter |ayers,
filtration layer is a plain square weave. Table 13
Layer Mesh size
Table 7
Layer _ Mesh size Pore size
Quter filter S0X50X0.009 280 micron
Intermediate filter 60X60X0.0075 | 230 micron
Intenmediate filter 70X70X0.0065 | 200 micron
Intermediate filter 80X B80X0.0055 180 micron
Wire Wrap 150 micron
Lxample 8

[0056] A screen assembly is prepared with a desired filtration micron rating of
140 micron. The screen assembly includes two support layers and five filter
layers, as shown in Table 8 below. The filter layers are square weave.

Table 8
Layer - Mesh size _Pore size

Quter filter S0X50%0.009 280 micron
Intermediate filter 60X060X0.0075 | 230 micron
Intermediate filter 70X70X0.0065 | 200 micron

Intermediate filter 80X80X0.0055 | 180 maicron
Imner filter 100x100X0.0045 | 140 micron
Quter support layer | 30X30X0.012
Inner support layer 16X16X0:023

Example 9
- [9057] A screen assembly is prepared wiih a desired filtration micron rating of

125 micron. The screen assembly includes two support layers and six filter layers,
as shown in Table 9 below. The inner filiration layer is plain Dutch weave.

, Table 9
Layer Mesh size Pore size

Quter flter | 30X30X0.012 540 micron
Intermediate filter 40X40X0.010 380 micron
Intermediate filier 50X50X0.009 280 micron
Intenmediate filter 70X70X0.0065 200 micron
Infermediate filter 100X100X0.0045 | 140 micron-
Inner filter 24X110 125 micron
Outer support layer | 20X20X0.016

16X16X0.023

Inner support layer
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Pore size Quter filter 60X60X0.0075 230 mi cron
Internmediate filter 80X80X0.0055 180 mi cron

Internediate filter 105X105X0.003 170 micron | nner

Wo baoen3od@0X100X0. 0045 140 micron Quter SupporPCTIGE@N7/004473
30X30X0.012 Inner support |ayer 16X16X0_023 _

Exanpl e 14 00621 A screen assenbly is prepared with a
desired filtration mcron rating of 140 micron. The
screen assenbly includes two support |ayers and five

filter ‘

Example 10

[G058] A screen assémbly is prepared with a desired filtration micron rating of
150 micron. The screen assembly includes one support layer and five filter layers,
as shown in Table 10 below. The inger filtration layer is plain Dutch twill weave.

Table 10
Layer - Mesh size Pore size
Quter filter ~ 1 30X30X0.012 540 micron

Intermediate filter 40X40X0.010 330 micron
Intermediate filter 50X50X0.009 . | 280 micron
Intermediate filter TFOX70%X0.0065 | 200 micron

Inner filter 20X216 " | 150 micron
Support layer . 1 16X16X0.023
Example 11

[0059] A screen assembly is prepared with a desired filtration micron rating of
180 micron. The screen assembly includes two support layers and four filter
layers, as shown in Table 11 below. The inner filtration layer is a twill square

weave.
Table 11
Layer Mesh size " Pore size
Outer filter 50X50X0.009 280 micron
Intermediate filter - | 60X60X0.0075 230 micron
Intermiediate flter 70X70X0.0065 {200 micron
Inner filter - 20X80X0.0055 180 micron
Outer support laver | 30X300.012
Inner support layer " | 16X16X0.023
Example 12

[0060] A screen assembly is prepared with a desired filiration micron rating of
180 micron. The screen assembly includes two support layers and three filter
layers, as showyn in Table 12 below. The inner filtration layer is a plain square

weave,
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| ayers,

filtration | ayer . .
Mesh size Pore size Quter filter

Layer

WwaQoatiisrieh I nternediate filter
mcron Internediate filter
Internedi ate filter

60X60XO0.

as shown in Table 14 bel ow. The inner
is a plain square weave.

Tabl e 14
50X50X0. 009
0075 2R(X/US2007/004473

80X80X0. 0055 180 m cron

105X105X0. 003 170 m cron | nner

filter 100X100X0. 0045 140 micron Quter support |ayer

30X30X0. 012

Table 12 ‘
. Layer Mesh size Pore size

Quter filter 60X60X0.0075 | 230 micron

Intermediate filter 70X70X0.0065 | 200 micron

Inner filter 80X80X0.0055 | 180 micron

Quter support layer | 30X30X0.012

Inner support layer 16X16X0.023
Example 13
{0061] A screen aésembly is prepared with a desired filtrafion micron rating of

140 micron. The screen assembly includes two support layers and four filter

layers, as shown in Table 13 below. The inner filtration layer is a plain square

weave.
Table 13 _
i Layer Mesh size Pore sizé
Outer filter 60X60X0.0075 230 micron
. | Intermediate filter S0X80X0.0055 180 micron
Intermediate filter 105X105370.003 | 170 micron
Inner filter 100X100X0.0045 | 140 micron
Quter support layer | 30X30X0.012 '
{Inner supportlayer | 16X16X0.023
Example 14

[0062] A screen assembly is prepared with a desired ﬁltfétioﬁ micron rating of

140 micron. The screen assembly includes two support layers and five filter

layers, as shown in Table 14 below. The inner filtration layer is a plain square

weave,

Table 14
Layer Mesh size Pore size

Quter filter 50X50X0.009 280 micron
Intermediate filter - | 60X60X0.0075 230 micron
Intermediate filter BUX80X0.0055 180 micron
Infermediate filter 105X105X0.003 ' | 170 micron
Inner filter 100X100X0.0045 | 140 micron
Quter support layer | 30X30X0.012

Toner support layer 16X16X0.023
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I nner support |ayer 16X16X0.023 Exanpl e 15 [0063] A
screen assenbly is prepared with a desired filtration
mcron rating of 140 micron. The screen assenbly
wacludessi wo support |ayers and six filter | aBIVS2006804473
shown in Table 15 below. The inner filtration |ayer

is a plain square weave. Table 15 Layer Mesh size

Pore size Quter filter 50X50X0.009 280 micron

I ntermediate filter 60X60X0.0075 230 micron

Internediate filter 70X70X0. 0065 200 micron

Internmediate filter 80X80X0. 0055

Example 15
[0063]

140 micron. The screen assembly includes two support layers and six filter layers,

A screen assembly is prepared with a desired filtration micron rating of .

as shown in Table 15 below. The inner filiration layer is a plain square weave. |

Table 15
Layer Mesh size Pore size

Outer filter S0X50X0.009 280 micron

| Intermediate filter 60X 60X0.0075 230 micron,
Intermediate filtex 70X 70X0.0065 200 roicron
Intermediate filter 80X80X0.0055 180 micron .
Intermediate filter 105X105X0.003 | 170 micron
Inner filter 100X100X0.06045 | 140 micron
Outer support layer | 30X30X0.012
Inner support layer | 16X16X0.023

Comparative Example A

[0064]

assembly, has a desired filtration micron rating of 125 micron. The screen

By way of comparison, a Poromax® product, a prior art screen

assembly includes two support layers and a filter layer, as shown in Table 16

below.
Table 16 ‘
, Layer Mesh size Pore size
Filter layer 24X110 125 micron
Outer supportlayer | 20X20X0.016
Inner support layer 16X16X0.023

Comparative Example B
[0065]

150 mmicron. The screen assembly includes a commercially available wire wrap

A screen aésembly is prepared with a desired filtration'micron rating of

screen. The wire wrap screen consisted of 0.090 wedge wire with 0.006” gaps

between wires, and 0.125” diameter support wires on 5/8” spacing.
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180 micron . Internediate filter 105X105X0.003 170
mcron Inner filter 100X100X0. 0045 140 m cron Quter

support | ayer 30X30X0.012 Inner support |ayer
ﬂﬁga%e/xmm% Conparative Exanple A [0064] BYTAS0GHATS
conparison, a Poromaxe product, a prior art screen
assenbly, has a desired filtration mcron rating of

125 micron. The screen assenbly includes two support

|l ayers and a filter layer, as shown in Table 16
" bel ow. Table 16- Layer Mesh size Pore size

Comparative Example C _

[0066] A screen assembly is prepared with a desired filtration micron rating of
150 micron. The screen asserbly includes two support layers and a filter layer, as .
shown in Table 17 below. '

Table 17
Layer Mesh size Pore size
Filter layer ' 20X216 : 150 micron

Outer support layer | 20X20X0.016
Inner support layer 16X16X0.023

[0067]  Tests were conducted to evaluate the relative effectiveness of various
configurations of screens. Discs were prepared using the layouts of Examples 9-
15 and Comparative Examples A-C. The discs had diameters of 1.885 inches and
were sealed in an apparatus to provide a flow diameter of 1.550 inches. Tests
were conducted using two types of test fluids with viscosities and particulate
matter modeled on typical downhole conditions, The first finid was modeled on a
typical South American fluid and the second fluid on a typical Asian fluid. A
supply tank was filled with the desired test fluid. The test fluid was pumped
through 2 pm absolute clean—uplfilter for 2 hours. Particulate matier was added to
achieve a concentration of 0.10 grams/L.. A sample of test fluid was tested to
confirm fluid particulate level. A disc incorporating a screen configuration was
- placed in a housing. The test fluid was circulated through the disc at a flow rate of
200 mVmin, The pressure drop across the disc was measured through the cotirse
of the test. Fluid samples downstream of the disc were obtained to determine the -
. amount of particles retained by the disc.

[0068]  The results for the South American fluid arc shown in Figs. 6 acd 7.
Fig. 6 shows the pressure drop as a fanction of time for samples prepared from the
screen configurations of Examples 9 and 10 and Comparative Examples A-C. The
time at which the pressure drop rises rapidly coincides with plugging of the filter,
and thus provides a useful estimate of the filter life. Tt can be seen the screen
'conﬁgurations of Examples 9 and 10 provide much longer service life, and thus
superior performance, than the screen configurations of the Comparative
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Filt

er |ayer 24X110 125 m cron Quter support |ayer

20X20X0. 016 I nner support |layer 16X16X0.023
Conparative Exanple B [00651 A screen assenbly is
WO BpaIedswi th a desired filtration-m cron raPCHYSP7/004473

150

m cron. The screen assenbly includes a

comercially available wire wap screen. The wire
wrap screen consisted of 0.090 wedge wire with 0.006"
gaps between wires, and 0.125" dianeter support wres
on 5/8" spacing. Conparative Exanpl e C [00661 A

scre red.filtration
- m crgﬁ r@tl n@hﬁﬂs%ggi %Qgéon e sceg‘éﬁ% BHftiFlys as a function

i ncl s

Dfftdme £ %&@ﬂpwprarenht;remghmea cbnﬂgu&tuohaymxanqses 9 and 10

showgnd 6o e:bZ: eQﬂ—(é‘ g?@fg b dech M4E e YE mventwe &oroens

Pore size | ter

removed acceptable amounts of particles, and removed a greater amount of
particles over the life of the filter than the screens of the Comparative Exarnples.
[0069]  Fig. 8 shows the pressure drop as a function of time for samples
prepared from the sereen conﬁguraﬁons of Examples 8, 9, and 11-15 and
Comparative Examples A and B. K can be seen the screen cdnﬁgura,tions of
Examples 8, 9, and 11-15 provide much longer service life (up to an order of
magnitude higher) than the screen configurations of the Comparative Examples.
Fig. 9 is a graph showing the amount of retained particles as a function of time for
samples prepared from the screen configurations of Examples 8, 9, and 11-15 and .
Comparative Examples A and B, It can be seen that the inventive screens’
removed accepiable amounts of particles, and removed a greater amount of
particles over the life of the filter than the screens of the Comparative Examples.
[0070]  Thus, it can be seen that the particle control screens of the present
invention reduce plugging in the filter assemblies and increase ﬂie particle holding
capacity of the filters, thus giving the filters a longer life.

[0071]  Although the present invention has been descn‘bed with reference to
preferred embediments, those skilled in the art will recognize that changes may be -
made and formed in detail without departing from the spirit and scope of the
invention. Tt is therefore intended that the foregoing detailed description be
regarded as illustrative rather than hmltmg and that it be understood that it is the
following claims, including all equivalents, that are intended to define the scope of.

ithis invention.
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150 m cron Qutersupport layer 203(203(0.016 Inner

support |ayer 16X16X0. 023 [ 0067] Tests were

conducted to evaluate the relative effectiveness of

various configurations of screens. Discs were ,
CcLAMS$:ar ed usi.ng the | ayouts of Exanples 9- 15 and

Conpar ati ve, Exanpl s A-C. The .discs had dianeters of
11,885 i AdRERIGMRNTR FECT SPERITAS an apparatus to

pr ow di aneter of 1.550 inches. Tests were

co%gdgﬁgg %%lng two types of test fluids with

Vi srﬁmrﬁﬂu@]e]ayartﬂsmmed arouhdathe smmdrelaymdel ed on typical

downhol ondi ti The S i d was nodel ed on a
ty%?‘??ﬁpg §§arnlﬁ %rﬁrmé%afrwﬂ%* i’lﬁ flbl¥&2ond 1 ui d on
a &Mﬁrdqﬁ'terfi‘@ea&sf)bééu%oﬁdshmwnd (158 1%@5 &hér&ﬁd:a&n bihthe filter

the desiredtest fluid. The test fluid was punped :
layelts now ghreziznarabibo ppatessizs| e Trbprdfﬁlilet layerf ig greatd dhangthe pore size

Particuyl at was. add
of thg Sivopfl G} Faf bp e PR AT RaBELHRY By it wepeer frap e
pm3W@§0?@&&@&jﬂ&r@%ﬁfuﬁﬁ1f|UId partlculate | evel . "A disc
i ncorporating a screen configuration was placed in a
howbeistn eathef tedilter jayees igwiredssBul at ed t hrough t he
disc at a flowrate O 200 m/mn. The pressure drop
across the disc was neasured through the coarse of
2.t he t estThephttictt comiipl &sedafretindanhatintthesudipsrt lvyer eomprises
- obtained to_determ ne_ the anount of par Jclea
a firgt syrpnordayesyfurther RsIng s SantEPOTS LIFE dispesed apqund the first
mqmggq (American fluid are shown in Figs. 6 and 7. Fig.
the pressure drop as a function of tinme for
sanples pr epar ed fronrthe screen conflguratlons of

Exanpl es, 9 -and 10 a raIr
5. o s TRl fan R e ST BT it Y it PRy o
S fifst fifk@Mayeand thus
hya%?%ﬁﬁgg§§g%%£%$§h est?%%?%dgggtﬁelfllﬁér life. It can
' be seen the screen conflguratlons of Exanples 9 and

10 prov er_ser d
4-super i oﬁ%@‘%&@? ﬁﬁﬂ‘é SCERAR ?lﬁlén éé‘fh&eﬁn ft “&‘3 filten lgyerhasa
poreQfze thBEvER B Afidton\Had IM&Qﬁ/ 130195PCT/ U52007/ 004473
Exanples. Fig. 7 is a graph show ng the anpbunt of
retained particles as a finetion of time for sanples
prepare raf |,
S and 10 Zi"n %g’ciehgont?r%[ ?c?%r(l O%Fdllglq \_@ .rgrﬂfth% g% gglglegé‘ Ws a

porctsﬁafof bkt Ve ahd 960 sidrer ke seecmd/ flerdaye hhaab beremwfﬂ)etwcen
articles, and renpved a greater_ano o]
150 ﬁﬁlr‘{) Ogniseong giadh therilird fifter layorbrpa pprersize ot %ﬁﬂ"’fteﬁé()o and 1200
mlcrgrgreens of the Conparative Exanples. [0069] Fig. 8
ows the pressure drop as a frnetion of tinme for
sanples prepared fromthe screen configurations of
npl e and 1 I A
6.0n0 B © T paRclsee g el bt B BRe By has a
pore, @&@@PB&%@@H 79 an@@@b ﬂﬂﬁé@ thé %%bﬁ@ﬁHMQHyér%@QQFoﬁz%ﬁé' df®etween
fe (up to an order o itude higher) than the
150 mdr@@nnn:mmﬁ wglrﬂlatthmct@ltmﬂaydrglam ppeersiaei of deyesnple gnd 500
Fig. 9 is a graph show ng the anount of retained
mICI'B%rtlcles as a function of tinme for sanples prepared
fromthe screen configurations of Exanples 8, 9, and
- 11-15 and CoTparat|ve Exanpl es, A and B. It can- be
7. dbe partiglgtconiie Scﬁﬁ?ﬁ@rﬂf iclagmdlcwhaseis thesfirst Elierdaye has ppare size of

f S N
v P g oy QR R RO 360 and
450 ser@gAsd te thhe ﬁﬁ@f@?érﬂials iobxdnpdiietwED00]ahd 880 mitron.
-can be seen that the particle control screens of the
present invention reduce plugging in the filter
assenbl i es ‘and increase th particle hol di ng capacity
of the filters, thus givin the filters a | onger
life. [00711 Although the present invention has been
described with reference to preferred enbodi nents,



a first filter layer disposed around the support
l-ayer; a second filter |ayer disposed around the
first filter |ayer; athird filter |ayer
di sposed around the second filter |ayer, wherein each
8.0f the fht paticleayeirs] sjamna:f pkame 1 siipegin dredfishi@ltgrdayer has a
slze f t he th%%? filter é.g ﬁater than t he
poresggeof Brovieont Of ed b wiion. 14 seop {fyr layes gas pRosssH2s of
t
betn S S G R SRR i Ll g PRV 30 BTk 20 and
600 mficrotne filter layers is wire nesh. 2. The particle
control screen of claim1l wherein the support |ayer
conprises a first support layer, further conprising a
9.second R%P&lécérﬁ%@%cr@é&l@@ﬁ?ﬁsﬁgound the first
support layer . The particleé control screen of
cl abupportflaerher conprising a fourth filter layer

di spo twe su rt a r and the first
fi?Egi%ﬂgegym“ﬁﬂﬁﬁaﬁﬂ@uﬁg PSP 3ﬁ?rol screen of
cl abdrord Yﬁt@rrlﬁgé.’r disiRséDarotoid fhielfirgirfillea)sger; has a pore
size between 75 mcron and 150 mi cron.

The
p ap thivd {dltez dayer dispesed eerndrthesospird: frltwiweér ‘Hhétrﬁ]é epph gk the filter
[ r Q 7

layers ha§ g ﬁoﬂe%%zg and the % 5{ feeofftﬁfggl;rgﬂ;d fﬁas » g eeaze!}gléeﬁ'rgt e pore size
of thb @édoﬁ& filtidbRyanahdbe potecdinnof thastchhd Olth lagerfis fiteater than the

| ayer. has a_pore size of between 500 and 1200 mi cron.
meéﬂe?ﬁgwﬁgﬂﬂﬂ &%€bntrol screen of claim1 wherein the

fi %rﬁérefn elttlcea[ét YR ihd Afed e 5 & vﬁr@ﬁe% ahgt ween 75 and

m cron, € secon ter l'ayer has a pore size

furtherf cqujrrmga waﬁ saad rdﬂﬁngrﬂmrlemgth afithetpagicldeonttof sdre¢emrassembly

has e of between 200 and 500-m
and cpTdeias 3351 pPe CUGHET O (SISO N L) P DR e R e
ﬁhmﬁ%ﬁ§§ filter layer has a pore size of between 200 and

m cron, the second filter [ayer has a pore size
of between 300 and 450 micron, ‘and the third filter
Iayer s, a of betmeen 600 and 800 m cron.
108 " The %ﬁPFmQSQE%%W@ﬁﬁfog@P%E% of claim 1 wherein the
flﬁpéﬁ&hk&@&mhﬁwﬁhnbas a pore size of between 100 and
200 m cron, the second filter Iayer has a pore size
of 2 putigseAntrEGCroen asBoIhly disprped afvund the hase pipes ananspsing:
quﬁr Hﬂ§ pore size of between 500 and 600 micron.
p'Sartl Fe control screen, conprising: a support
| ayfist fiterf lnyeididpobddearoluad/ e sdp;ﬁ:'polap@f add buvidg taipere size between
support |ayer; a second filter |ayer disposed around
75 UFmicEn: fi | ter | ayer; a third filter |ayer
di lt.ar
é%ﬁﬁ?ﬁﬁ%@r d‘i B Eg‘gﬂlgi %E rﬁté& gligg}é?ér agiﬂ' }Ebﬁiggar;gﬁ@ Bize of
betwsenzkﬁ(kﬁndtﬂ@é rmbromd f | Iter layer is greater than the :
por the second filter and ore
PP Girdhihier Bk dontren praer thegpiond Wiy ale Gpd PRAREE Rare size of
betwBY R0SInd8 206 nfifienf i rst filter layer; wherein at |east
one of the filter layers is wire nmesh; and further
C owhﬂrmrahgsaa an@istierskefithe pamiclegonivel scmgtabseufblx e
reen assenbly and connecting each

Circugﬁefﬁrﬁtéaisﬂ‘r@ J‘P&%ﬁ% “tli%et her, the wel d seam

C ORh@6iniaf tastamie oFthd fikerllhydrels Wﬁéﬁ} and 10. A
downhol e assenbly conprising: a perforated base cP
arigherein each filter layer has a layer thickness of between 0.005 inch and 0. 06 inch:

11. The downhole assembly of claim 10 wherein the support layer comprises a
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a particle control screen assenbly di sposed around
t he base pipe, conprising: a support |ayer; a
first filter |layer disposed around the support |ayer

. and having wpore size between 75 and 300 mi cron;

first suppeddmgr ffuttharcolrpyising di sspasletpporolager dikpséd arstind the first
filter layer and having a pore size of between 150 -

* sUpPQHdasEHo ni cr on; athird filter layer disposed
around the second filter layer and having a pore size
of between 200 and 1200 m cron; wherei n at

12l east a Thedewnbkeld agsembheofpdaim B Liribentomaprisyeg abnurth filter layer
. assenbly i.s circ erentj al.l |.ded to the base
aisp RS B g shbagrt Tesrra halits! SIBUSTR, o 'oyere’i s

wite nmesh; and wherein each filter layer has a | ayer
t hi ckness of between 0.005 inch and 0.06 inch. 11.The_
13downhol Ehepasiéetb cyniodl seieeh pf dleinnh@eraprein the fidtigplomens are spirally
W-mlaa/er %?ﬁ%&!&?% a first support layer, further ‘
PRENPIOIET HG 4S8 R6nd support |ayer disposed around the
first support |ayer. 12. The downhol e assenbly of
claim 10 further conprising a fourth filter

) | ayer ‘
- 14di spos ebhadawibelr aspemblyob slm | 18ydiereim ther st ﬁhﬁfrﬁ%yer has a pore
. i I ' | -
sze of e 7Rhd 200 blgrof (e Bl e B9 1R pBR! R otveen 300
and 4g90apieesh, andthadhithBltddsesr hape pore sizé.of Thisvedn\wh ahd 800 micron.
assenbly of claim 10 wherein the first filter |ayer
has a pore .size of between 200 and 300 m cron, the
second fhd §&bnrl 2 cRAH G SRR he IR EER 130 h
15and 400f%%%ron?ﬂ%%%a?ﬁzciﬁ?@g'gﬁTteﬁ I'ayer has gﬂboﬁ%ﬁpmﬁ
size ofi tleewadh 196tane 200 60Coante 8@®ndifidieniayer has doreThee of between 250
wnhol e assemnl f claim 10 wherei.n the fifrst .
and i gony agbhe e s it S 4 ol e BelveSp gOLAR sepymicron.
m cron, the second filter |ayer has a pore size of

between 250 and 350 micron, and the third filter
16l ayer hhle paripde eondiol gcreén peeloe W), 50 ran theapoticis epnirpl screen

16. The. ticle trol Scr .of claLm: .wherein
has agegosscsartidihl sk of Bftwegh affi RIR it e Tleds il
t hi ckness of between about 0.02 inch and about 0.3

i nch. 17. The particle control screen of claim 10,
17wher ei nTharariide eonirad sereen plotlaige }& avheray the particle control screen

C - t i [ t - j.ach

s SR SR BRaST RERISEE Gl RELOAD ALy S0
screen of claim 10, wherein the particle contro
screen has a_cross}iection thicﬁ?e s of betme?n about

189. 07 i nElie padiirle portitol gegen phdwm 10, pehersin e papiigle control screen
has a%%?@+t¥on%fg?1?és ioﬁgétﬁ)@%ﬁ)%&ﬁ? @7@%%%8%@@?9 ﬁ%g ?h
' ggéelgige?oéongrigfnS? aazagpor¥ |g§2??e oot ©
19. A downhole assembly compﬁsing:
| a perforated baée pipe; and
a particle control screen assembly disposed around the base pipe, comprising:
a support layer;
a first filter layer disposed around the support layer and having a pore size between
75 and 300 micron;

a second filter layer disposed around the first filter layer and having a pore size of

between 150 and 400 micron;
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a first filter layer disposed around the support
| ayer and having a pore size between 75 and 300
m cron,; a second filter layer di.sposed around
the first filter |ayer and having a.pore size of
betwkehfilt&Uapmndispocdrrcurminthe second filtealaydr and baving erpore size of
aé?ﬁ %%f ed. around the second filter. layer and
' en¥f¥e of between 200 and 1200 ni cron;
V‘h%rh%feﬁh atm{s?sl%&stacna of e (AARIOLork BPsRET dsehRpigant o
screen assenb IS circu rentially welded to the
dmﬂnﬁﬁm¢mbﬁ“mhhdtmﬁeﬁmﬁmp@aamdof the filter layers is
Wi re nesh. A.downhol.e as enbly conprising: a
pe?"&‘ﬁ%ﬂ %a&hk‘?gg? Haltey dayeLsly WirSiir i ¢l e” control screen
assenbly di sposed around the base pipe, conprising: a
support | ayer; ~afirst filter layer disposed
2Qaround Fh@ﬂ@ﬁpbnmﬂmhbW@PH@ﬁ@nﬁav|ng a pore size
rr}&éb )% cron; a second filter |ayer
dI%BS %& 6l ﬂ@thélflrst filter layer and having a
POR @asickecodfrobetaaeRschily aRgoAQratindrtBébase pipe, SorhHidish
filter layer disposed around the second flﬁter | ayer
anaSWH@ﬂH@Wﬁapore size of between 200 and 1200
f 1
g 0tk loner SEER oond B8 oot L 81 ar Bl At s between
75 andeB@Eaidron;t he base pi pe; mhereln at | east one of the

filter Layers is _wre_nesh; further co r|S|n
wef #2c0Rg EaRFrlsRated ponpd Fhe(}gmtfn r fayer ind kavingi P size of

'bﬂ“%g&§§pm§p h%mﬁ“d connecting each of the filter
|'ayers together, ’the wel d seam contacting each of the

fi htlerd filkyrdaysr dlsposzﬂi ardundshdemtond fifted layariand havihi aipdre size of
Soon 0 l.e fornation conprising: providing an
bd“ﬁ?%ZWﬁW$F€® g: a base pipe; and a particle

CORtiERIn fTEREN ﬁ@g% %ﬁd["@f the PAARN SR8 scRechURRAIHIY hayer ;

a first filter layer disposed around the support

circungfrentiallynetelded trdmdasd pipeir | ayer di sposed around t he
each of the.filter |ayers

hab et o5t SR pe HGHERDs R RsobaRdl e of 1 ne

furthSeestisingd 4 @€ld RYBIruhGing HRAERHh N ER PahR1Peserob kdk€enCdssembly
the first filter layer, and wherein at |least a first
and qomgegimeiepeh of the filter layers together, the weld seam contacting each of the

filter layers.

21. A method Qf filtering a fluid in a downhole formation comprising:
providing an assembly compri_sihg:
a base pipe; and
a particle control screen assembly comprising:
a support layer; |
a first filter layer disposed around the support layer; and
a second filter layer disposed aroun& the first filter layer, wherein each of the filter
layers has a pore size, and wherein the pore size of the second filter layer is geater
- than the pore size of the first filter layer, and wherein at least a first end of the

particle control screen assembly is circumferentially welded to the base pipe;
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particle control screen assenbly is circunferentially

wel ded to the base pipe; disposing the assenmbly into

a- downhol e formati on conprising a fluid conprising

heavy oil; drawing in the fluid fromthe fornmation
dispb hng)ﬂgl’as:tdnﬂalp ansd acdbenhdnforolaties cemprisisg eflulid canphiding loeavy

the base pipe, wherein the particle control screen

l’assenbly filters the fluid; wherein at | east one of
dravglﬂg irf tnk FRId fr&ﬁ%@fdrﬁlaﬁbﬂ ﬁré@ﬁrihe Bk %Bﬁttﬁﬁrscreen assembly and
onprising at |east one additional nmesh | ayer

into diuestmss pxpeb\ehmrthtt patialdjcasteeltscifeeh a$sanublynﬁ]tay dresfluid;

22 The S? f %; wherein the support |ayer
R Pror Gt B Foser e Pstiiai ompr i 51 ng. a

ﬁnﬂ%@@&ﬁﬂnﬁh@&%e{s‘c bﬁéf@ddlﬁtblfapﬁéma%@ﬁ%s&dwse%éﬁm adj acent
support layer. 23. The nethod of claim21l. furt

filtragionpasiesd ng a third filter |ayer disposed around the
second filter layer, wherein the pore size of the
third filter layer is greater than the pore size of
22.he secyhénfetHodef claaieIl. whereid 4he s bﬁoﬂﬂﬁlyﬁﬂdorﬁ]ﬁnséls alfmt support
23 wherein the first filter layer has a pore size of
layep, digriifies fompising 8 sgood spRshayer WW@W({) he dirst|sgprazt layer.
has a pore size of between 200 and 400 m cron, and
~the third filter layer has a pore size of betmeen 500
ZBan d 800 Thean@hod of cl&m szmefmﬂnm{siﬂg d théxdi filg:r dayket disposed

| e formatiqn conpr|5|n provi.di ng an :
aroupd g@r?ﬁ?%ﬂdéﬁ% G ﬁglerfan H&é@rwlﬁ%o st ﬁg?rﬁmrés greater than
y conprising: a support |ayer;
theﬂ&%%%éﬁf@@?%@?d?%yer |sposed around t he support

| ayer; and a second filter |ayer disposed around t he

irst fi e h.of the filter ers
a6 a poie e St FheRe R PLOS b T el Shof
betw&F P Farld J008hickY &e ée@orﬂfﬁ@ér $lyet Raa pdie shere béﬂu%@n 080 and
the first filter layer, and wherein at least a first .

400 eipgomfang the third filteplayed his@ poonsizadf betweamd ($sand B0ymiceon.
circunferentially wel ded .to the base pipe; disposing
the assenbly into a downhol e formati on conprising a

25 1 uid compkitdtng MeaNy a Ohld indrdwnhgld Brhfeor dowiisfogom
the formatjon through the particle control screen
PHW%E@&#ﬁﬂ%WQﬂ*MCPﬁW6SFHe base pipe, wherein the-particle

co | i 5C n assenbly filters the fluid; wherein at
Iegé%ﬁéﬂézo C?the filter layers is wire nesh and

f us pireitlecompoli ssideg assevblylcaraisiginni ng t he Iength of
the particle control screen assenbly and connecting -

t h&SYAPPEddYe:ayer s t oget her, the wel d seam cont acti ng
eag fr@hinkNGydr didgeked &Y&hPthe support layer; and '

a second filter layer disposed around the first filter layer, wherein each of the filter
layers has a pore size, and wherein the pore size of the second filter layer is greater
than the pore size of the first filter layer, and wherein at least a first end of the
particle control screen assembly is circumferentially welded to the base jaipe;
disposing the assembly into a downhole formation comprising a fluid compﬁsing heavy
oil;
drawing in the fluid from the formation through the particle control screen assembly and
into the base pipe, wherein the particle control screen assembly filters the fluid;

wherein at least one of the filter layers is wire mesh; and
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- 26. A particle control screen, conprising: a support
layer; a first filter |layer disposed around the
support |ayer; a second filter layer disposed around
the first filter. |ayer; athird filter |ayer
furthetr sqopesinga eehbseperuseiagnit: kngthef tHegpeicle wirgrod seregaetembly

of the f | ayers has e size, and th re
and Gompgine b BERT S Gactlir. (o el Sedn§Pusaftlte s P Hocitr layers
pore size of the second filter layer, and the pore
size of the second filter layer is greater than the
" 2(pore si zéqaamﬂclt hentfdl sereer,icomgrisingyer ; wherein at | east
one of qe filter layers is wire nesh; and wherein
ea N '8Y) ayer has a layer thickness of - bet ween

0. Q@dstifMe1a ?&dd@p&@dbﬁwﬁdthes gﬂortl-ﬁ?@f particle control

screen of claim?26, wherein't article control
scﬂé@@nﬁéﬁwhbﬁﬂbbﬁxgétwbﬁhdﬂﬁﬁ&%ﬁﬂ@%kﬁﬁfbetmeen about

- Confm $§1§%?an oﬁgéﬁ‘]d %.mggﬁg' Vﬁgond fifler 1%{’16? &ﬁ{r% in ¢z eagh of the filter

layes @At h Pbresizeen] Mapore GFOSIMS eidd ﬁm:r Idjfbﬁis@aﬂerafian the pore size
bet ween. about 0. 05 i nch and_about O. in
of thy gecopd ivlter [ayere apd hIPostyizesf e seqond ﬁ#%laY%é BERIST flwe the

\pmegﬁkoeﬁkeh@qﬂg&%gm creen has a cross- sectlon t hi ckness

bet ween out 07 inch and about 0.09 inch.
- 30whéreiredthast afe dfithe Glternlgyas i wireimiesh; andovvnhol e

formation c npr sing: providing an.assenb
ORI Hgh TP lAg e s 90 ok B 5 h oL eon b g and 0.06 inch.
screen assenbly conprising: a support layer; a first

filter layer disposed around the support |ayer; and a
27%econd Thc‘t paticleayeiroldicssso of dlagm garrahartia the p@ticlb icbaigel screen

has A S secil (Pt beBhosh ABowt 0 foeh BHEARARAR RePt o

| ayer i's greater than the pore size of the first
filter layer, and wherein at least a first end of the

28par ti tic | él“h@@ﬂmcgﬁ capgiob smeesefettim26, §Vh@1ieifl:@lﬁﬁ3@ﬂ@|}ﬂ Gaaftoyscreen
L t
has a cra%?\?&?ﬁ%(?% %ip Ay bgjcvpeeh abgﬁtﬁ)o(%s i‘nn? Frﬁﬁ%so%?ﬁqg%lx(}ﬁ into

9 on conpri sing conpfi sihg
heavy oil; drawing in the fluid fromthe formation

t hr ough t he partlcle control screen assenbly and into
2% he baséhsippeiclepnaine] Fereseotidim 2 Bhewsit ﬁhswa%@.lf‘evéﬁﬁrol screen

has atalﬁgs%r%}:t?orf ﬂhrctkﬁésss df! Iﬂ)gtv{réeﬂ lafout e SR algatqaﬂoﬁ‘?ﬁ o

er layérs is wre nesh; and wherein eac
filter |ayer has ‘a | ayer thlckness of between 0. 005
30I nch an ?& 1(1)16 diortl%li]téring a fluid in a downhole formation comprising:
providing an assembly comprising:
a base pipe; and
a particle conh_"ol screen assemblj? comprising:
a support layer;
a first filter layer disposed around the support layer; and
a second filter layer dispoeed around the first filter layer, wherein each of the filter
layers has a pore size, and wherein the pore size of the second filter layer is greater

than the pore size of the first filter layer, and wherein at least a first end of the

particle control screen assembly is circumferentially welded to the base pipe;

25



31. The nethod of claim 30, wherein the particle

control screen has a cross- section thickness of

bet ween about 0.02 inch and about 0.3 inch. 32. The
: met hod of claim 30, wherein the particle contro
dispedingethn aksambly mit®s dowalede foymatidn cknpssnoh flnet cumgmising heavy
.. about 0.05 inch and about 0.15 inch. 33. The net hod
oil; of claim 30, wherein the particle control screen has
drav@nE MRS fluRIGEdh AR ﬁ)ﬁh&t‘i‘dﬁetﬁﬁ)u%ﬁ 1IREFANEAE cAREH scRe@ dssbMbly and

and about 0.09 1 nch. 34. particle control screen,
into therhpsd mipagyvheacis tippparticlt ag@rol sereén assemplyl filears theyfbnd;

di d d t rt_|ayer: dfilt
B dStae i BRI s kR medaBRT Ve ST o
t hipherefd dabB H1bAMGE: 16k SRA%E thigkrRUNGF BebenE0Rlinth hi®0.06 inch.

| ayer, wherein each of the filter |layers has a pore
size, and the pore size of the third filter layer is

h h . ' f | £
it eat e AR89, 8ol IOGRRTENA ) L g co

sectibs tiEleRtsadt behadentabeutiROEingh 28d abou DE iheti.st filter
| ayer; wherein at |east one of the filter layers is
wi re nmesh; and further conprising at | east one

: dditio [ '
SEL PR PED SLoHE 3 RRSSELADBAERR by SRSk o
secticw ks s betwquarabontal. @dinbh ard phque 0. 1&ridcta particle
control screen assenbly di sposed around the base
pi pe, conprising: a support |ayer; a first

sfilter hpuetentifpsamh Y, Quetit fe g%%l&@@édnﬂo@!&éexﬂ% a cross-

- having a pore size between 75 an 00 mcron; .

sectian theckmask dfibetvezen|abyrar(.0 spbsedabouw0dd intte fir st
filter layer and having a pore size of between 150
and 400 m cron; athird filter layer disposed

34ar ound AR@ERcaRtrdl kbl chaygEngnd haying a pore size
of between 200 and 1200 micron; wherein at |east a
f i a supperidayst; t he particle control screen assenbly is

a first filter layer disposed around the support layer;
~ a second filter layer disposed around the first filter layer;

a third filter layer disposed around the second filter layer, wherein each of the filter
layers has a pore size, and the pore size of the third filter layer 1s greater than the pore size
of the second ﬁlter layer, and the pore size of the second filter layer is greater than the
pore size of the first filter layer; |

wherein at least one of the filter layers is wire mesh; and
further comprising at least one additional mesh layer disposed between two adjacent

filtration layers.

35. A downhole assembly comprising:
a perforated base pipe; and '
a particle control screen assembly disposed around the base pipe, comprising:

a support layer;
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circunferentially welded to the base pipe; wherein at
| east one of the filter layers is wre nesh; and
further caonprising at |east one additional nesh | ayer
~di sposed between two adjacent filtration |ayers.
a first filter layer disposed around the support layer and having a pore size between

75 and 300 micron;

-a second filter layer disposed around the first filter layer and having a pore size of
between 150 and 400 micron;

a third filter layer disposed around the second filter layer and having a pore size of
between 200 and 1200 micron;

wherein at [east a first end of the particle control screen assembly is
- circumferentially welded to the base pipe;

wherein at least one of the filter layers is wire mesh; and
further comprising at least one additional mesh layer disposed between two adjacent

filtration layers.
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