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| ABSTRACT
A particle control screen includes a support layer. A first filter layer is disposed

around the support layer. A second filter léyer is disposed around the first filter
layer. A third filter layer is disposed around the second filter layer. Each of the
filter layers has a pore size. The pore size of the third filter layer is greater than
the pore size of the second filter layer. The pore size of the second filter layer is

greater than the pore size of the first filter layer.
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PARTICLE CONTROL SCREEN WITH DEPTH FILTRATION -

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent
Application No. 60/ 797,897, filed May 4, 2006, the entire disclosure of which is

hereby incorporated herein by reference.

BACKGROUND

[0002]  The present invention relates to a particle control screen for depth
filtration, particularly for use in a well.

[0003] Liquds aﬁd gases m o1l and gas wells typically include particulates that
need to be filtered, including sand, clay, and other unconsolidated particula'te
matter. The presence of sand and other fine particles in the production fluid and -

well equipment often leads to the rapid erosion of expensive well machinery and

hardware.

- [0004] Subterranean filters, also known as sand screens or well screcns; have
been used in the petroleum industry to remove particulates from production fluids.
The well screens are genefally tubular in shape and include a perforated base pipe,
a porous filter layer wrapped around and secured to the pipe, and an outer cover.
The well screens are used where fluid enters a production string, such that the
production fluid must pass through the filter layer and into the perforated pipe

prior to entering the production string and being pumped to the surface.
[0005] In the context of downhole filtration, woven wire mesh is considered

surface filtration, which means that the mesh prevents particles of the desired
micron size and larger from passing through the mesh and all the particles are
trapped on the top surface of the mesh. Wire wrap 1s also a common type of
surface filtration. Wire wrap is usually triangular shaped wire wrapped around a -
base pipe, with a given gap between wires to accomplish a micron rating. One
difficulty with surface filtration is that as larger particles are captured on the filter
layer, the open spaces become smaller and smaller, thus capturing smaller and
smaller particles. Eventually the particles being captured are so ﬁne that the filter
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becomes plugged, severely reducing‘ or stopping flow of formation fluids through
the screen to the base pipe. |

[0006] - Large reserves of thick, viscous hydrocarbons exist in locations such as
the Orinoco belt in Venezuela and the oil sands of Alberta, as well as fields in
Sumatra, China, Brazil, the North Sea, and Kazakhstan. Different names, such as .
heavy oil, extra heavy oil, oil sands, or bitumen are used to describe the material.
Heavy oil is an asphaltic, dense (i.e. low API gravity), and viscous oil that is
chemically characterized by the presence of asphaltenes, which are very large
molecules incorporating most of the sulfur and metals in the oil. Heavy oil
generally has a gravity of less than 22 degrees API gravity and a viscosity of
greater than 100 centipoise. Extra-heavy oil 1s heavy oil having an API gravity of
less than 10 degrees. Natural bitumen, also called tar sands or o1l sands, generally
has a viscosity greater than 10,000 centipoise. Oil sands can include as low as |

10% bitumen and 85% or more clay, sand, and rocks. Heavy o1l is more difficult

to remove from the formation and also includes more particulate matter than

conventional oil ‘déposits. Thus, heavy oil is genérally also harder to filter than

- conventional oil deposits.
[0007] Thus, there is a need for a downhole filter assembly with improved

filtering performance, and especially for use with heavy oil.

BRIEF SUMMARY

[0008] In various aspects, the present invention uses depth filtration to trap

different size particles at different locations throﬁgh out the thickness of the

. filtration media. Larger particles are trapped on the outer layer of mesh with the -
‘subsequent layers trapping smaller and smaller particles until reaching the final

desired micron rating. This prevents particle build-up from becoming so fine that

plugging occurs and increases the particles-holding capacity of the filter, which

gives the filter a longer life.
[0009] In one aspect, a particle control screen includes a support layer. A first

filter layer is disposed around the support layer. A second filter layer is disposed
around the first filter layer. A third filter layer 1s disposed around the second filter
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layer. Each of the filter layers has a pore size. The pore size of the thj'.rd-ﬁlter

- layer is greater than the pore size of the second filter layer. The pore size of the
second filter layer is greater than the pore size of the first filter layer.

[0010] ' In another aspect, a method of filtering a fluid in a downhole formation
includes providing an assembly including a base pipe and a particle control screen
assembly. The particle control screen asserﬁbly includes a support layer, a first
filter layer disposed around the support layer, and a second filter layer disposed
around the first filter layer. Each of thé filter layers has a pore size. The pore size
- of the second filter layer 1s greater than the pore size of the first filter layer. At
least a first end of the particle control screen assembly is circumferentially welded
to the base pipe. The assembly is disposed into a downhole formation comprising
a fluid comprising heavy oil. The fluid is drawn in from the formation through the
particle control screen assembly and into the base pipe. The particle control

screen assembly filters the fluid.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Fig. 1 is 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

downhole assembly.
[0016]  Fig. 4 1s an end view of the downhole assembly of Fig. 1. N

[0017] Fig.51sa perspeétive 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.
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[0019] Fig. 7 is a graph showing the amount of retained particles as a function
of time for tests involving various screen assemblies.

{0020] Fig. 8 is a graph showing the pressure drop as a function of time for

tests involving various screen assemblies

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

of time for tests involving various screen assemblies.

- DETAILED DESCRIPTION

{0022] The invention 1s described with reference to th;': diawings in which like
elements are referred to by like numerals. The relationship and functioning of the
various elements of this invention are befter understood 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 1s not limited to the

- embodiments illustrated in the drawings.

10023] In conventional surface filtration methods, particles are captured on the
filter layer, resulting in an effective micron rating significantly smaller than the
micron rating of the original filtration mesh to the extent that plugging of the

screen occurs. The present invention uses depth filtration to trap different size
particles 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 particléé. 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 capacity of the filter, giving

the filter a longer life.
{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, tar
sand, and bitumen. Because 6f 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. In the steam flood method, injection wells pump steam into

4



CA 02603333 2007-10-18

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 it. Steam is injected
into the upper well where the heat melts the bitumen. The bitumen flows into the
lower well, where it 1s 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. Each of these methods generally results in production fluids with higher

particulate content than conventional oil deposits..

[0025] Referring to Figs. 1 and 2A, a first embodiment of a particle control

| screen assembly 10 is illustrated as being incorporated into a s‘and or particle filter
system. The particle control screen assembly 10 1s mounted on a base pipe 20 that
'rﬁay be disposed, for example, 1n a wellbore. A particle control screen assembly
10 is disposed around the base pipe 20, and a wrapper or shroud 30 is disposed
around the particle control screen assembly 10. The wrapper 30 is generally
perforated, slotted, or wire wrapped. A portion of the base pipe 10 is perforated
with holes 22 to allow petroleum, natural gas, or heavy oil to flow in from the
wellbore. To prevent sand and other particles from being drawn into the base pipe
20 through such holes 22, the perforated portion of the base pipe 20 is covered by
the particle control screen assembly 10. Although Fig. 1 shows the various layers
cut away for viewing purposes, 1n actual use the layers would typically run
substantially the entire length of the base pipe 20.

[0026] The particle control screen assembly 10 1s typically cylindrically
shaped to mate with the base pipe 20. As shown in Fig. 2A, the particle control
screen includes at least one support layer 12 and at least two filter layers 14, 16
around the support layer 12. To create a depth filtration effect, the pore size of the
- outer filter layer 16 is greater than the pore size of the inner filter 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 16 is greater than

the pore size of the inner filter layer 14.
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t0027] | The number of filter léyers may vary depending on the desired

application. For example, in another embodiment, the particle control screen may
include a fourth filter layer (not shown) disposed between the support 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. Thé support layer 12 may be
~woven wire mesh, welded wire, wire wrap, or any other structure which supports
the ﬁltrﬁtion layers and gives flow path for drainage of the formation fluid
bétween the filter media and the base pipe. A second embodiment of the particle
control screen‘ 15, shown in Fig. 2B, includes 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 typés of weaves may be used, including |
square (including both plain or twilled) and dutch (including plain, twilled, reverse
or reverse twilled). The filter layers 14, 16, 18 preferably 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 diameter with different wire counts. It
should be noted that the filter layers 14, 16, 18 can be formed usfng all types of
mesh and mesh counts and wire diameters.
[0030] As shown 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 structure 40 may also be used. Metal structure 40
provides'a “safe edge” that protects the screen assembly 10 at its end, and can be
welded to other structures (such as the base pipe 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 overlap part of the metal structure 40 material and

be welded thereto. A circumferential metal weld 42 connects the screen assembly
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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] -Asshown in Figs. 3A, 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, 1t 1s possible to have gaps between éome or all of
the layers. Additionally, it is possible to have spacers or other materials, such as
additional 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 particle 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
longitudinal weld seam 32 running 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 have pore sizes to selectively prevent the inflow of certain sizes of particles
through the base pipe 20. The first or innermost filter layer 14 preferably has a
p-ore size of between 75 and 300 micron. The second or intermediate filter layer

- 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 microi ' .
[0034] Different downhole conditions may invo lve 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 micron, between 250 and
' 7
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350 micron, or between 300 and 450 micfon. The third filter layer 18 may have a
pore size between 500 and 1200 micron, between 200 and 400 micron, between
500 and 600 micron, or between 600 and 800 micron.

t003 §]  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 16x16x0.0237, 20x20x0.016", and 10x10x0.035”. The support layer(s)
12 axid/dr 13 may also be a much coarser layer (such as 8X8X0.032”), which,
however, would make it difficult to 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 one end 24 of the particle control screen assembly 10 (and/or
metal structure 40) is typically circumferentially welded to the base pipe 20 by
weld 26. A wrapper 30 is disposed around the particle control 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 screen assembly 10.
[0037]  The operation of the particle 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
flowing 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 medium-sized particles from the fluid. The inner
filter layer 14 removes smaller paﬁicles from the fluid. The fluid then passes
through the holes 22 of the base pipe 20 and can then be drawn to the surface.

This multi-layer filtering provides more efficient removal of particles than a

single-layer filter.
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[0038]  Each filter layer generally has a thickness between 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 about 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. It will be appreciated that actual
size ranges can vary depending upon actual well requirements.

[0039] Turning now to a method of forming the partiéle 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 respect to each other to form a multi-layer
unsintered screen. The filter layers may be tacked together to hold them in place
for the later fabricétion 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 screen. The
metal strips 40 are welded to the multi-layered unsintered screen.

[0040]  The screen is then formed 1nto a generally cylindrical shape. If the
longitudinal edges of the layeré do not align, they may be trimmed so that the
lohgitudinal 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
onto a mandrel. The mandrel is used to hold the generally cylindrical shape
securely and also provide a guide for the plasma cutting machine to trim the
longitudinal edges. The mandrel includes a milled slot along its length.' The
plasma torch travels 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 longitudinal 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.
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[0041] In an alternate form of construction, 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 layers are formed

into 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
standard assembly methods including, but not limited to, crimping, swaging or
swage and welding.

[0043] Ifthe filter layers-are to be sintered or diffusion bonded together, two or
4nore l‘ayers of filter are stacked, with the mesh 'sizés depending on the desired

filtering qualities. The filter layefs 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
incorporated into the diffusion bonded laminate depending on application
requirements. After the addition of the metal structure 40 (if desired) to each end
of the laminate sheet, the screen is then formed into é 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 assembly niay 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 20Cbh3, Inconel 825, and

other types of stainless steel filter media to withstand production environments.
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[0045]$ The particle screen assembly 10 may be disposed onto a base pipe 20
with any number of wrapper configurations, with circumferential welds 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 foot, nine 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 pf;trticle control screen assemblies 10 are connected together a ‘particle
control assembly tube.

[0046] ‘Becausé the particle control screen assembly 10 uses depth filtration, 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 production slows.

EXAMPLES |
[0047] The following examples of the invention and comparative examples are

provided by way of explanation and illustration.

[0048]  Particle control screen assemblies are prepared using one of the

techniques described above.

Example 1 |
[0049] A screen assembly is prepared with a desired filtration micron rating of

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

léyers, as shown in Table 1 below.

| Table 1

Quter filter 30X30X0.012 . { 540 micron
Intermediate filter 50X50X0.009 | 280 micron
Intermediate filter 80X80X0.0055 180 micron
Inner falter o 24X110 125 micron
Outer support layer { 20X20X0.016

Inner support 1‘35591- 16X16X0.023

1T
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Example 2 -
[0050] A screen assembly is prepared with a desired filtration micron rating of

180 micron. The screen assembly includes two support layers and three filter

layers, as shown in Table 2 below.

Table 2
Layer Mesh size Pore size
Quter filter 30X30X0.012 - | 540 micron
Intermediate filter 50X50X0.009 280 ) micron -
Inner filter 80X80X0.0055 180 ) micron
Quter support layer 20X20X0. 0 16 L |
Inner support layer | 16X16X0. 023 o

Example 3

[0051] A screen assembly is prepared with a desired filtration micron rating of
250 micron. The screen assembly includes one support layer and three filter

layers, as shown 1n Table 3 below.

Table 3
LgLr Mesh size Pore size
Quter filter 24X24X0 014 700 micron
Intennedlate filter 40X4OXO 010 380 micron
Inner tijtg - 12X95 250 micron
Support layer 16X16X0 023 B

' Example

[0052] A screen assembly is prepared with a desired filtration micron rating of

425 micron. The screen assembly includes one support layér and two filter layers,

~as shown 1n Table 4 below.
Table 4

Mesh size Pore size
24X24X0.014 700 micron .
132X16 400-450 micron
10X10X0.035 '

Layer
Quter filter

Inner filter
Support layer

12
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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
_f,axeﬂr Mesh sig 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
Quter support layer | 20X20X0.016 )
Inner support layer | 16X16X0.023

e S ki

Example 6 |
[0054] 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 6 below.

Table 6
- _Egye_t:_ , I\T.I_Esh sijgg_ Pore 'size -
Quter filter 30X30X0.012 540 micron

Intermediate ;_i_l_ger | 4OX§TQ_}§0.0 10 380 micron
1 Intermediate filter 60X60X0.0075 230 micron

Intermediate filter | 80X80X0.0055 | 180 micron

Wire Wrap 150 micron

e S el

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
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Table 7
Layer Mesh size Pore size
Quter filter 50X50X0.009 280 micron
Intermediate filter 60X60X0.0075 | 230 micron
Intermediate filter 70X70X0.0065 | 200 micron
| Intermediate filter | 80X80X0.0055 | 180 micron
Wire Wrap e 150 micron |

Example 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
Outer filter 1 50X50X0.009 280 micron
Intermediate filter | 60X60X0.0075 | 230 micron
Intermediate filter | 70X70X0.0065 | 200 micron

Intermediate filter | 80X80X0.0055 | 180 micron
Inner filter | 100x100X0.0045 | 140 micron
Quter support layer | 30X30X0.012 L

| Inner support layer | 16X16X0:023 }

Example 9
| [0057] A screen assembly is prepared with a desired filtration micron rating of

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

as shown in Table 9 below. The inner filtration layer 1s plain Dutch weave.

Table 9
___Layer Mesh size I{Jre size
Quter filter -1 30X30X0.012 540 micron
Intermediate filter | 40X40X0.010 380 micron
Intermediate filter 50X50X0.009 280 micron

| Intermediate filter | 70X70X0.0065 | 200 micron _
Intermediate filter 100X100X0.0045 | 140 micron
Inner filter 24X110 1 125 micron
Outer support layer | 20X20X0.016

Inner support layer . | 16X16X0.023

14
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Example 10
[0058] A screen assembly 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 inner filtration layer is plain Dutch twill weave.

Table 10
Layer Mesh size _Pore size
Quter filter 30X30X0.012 540 micron
Intermedlate ﬁlter 40X40X0.010 380 micron
Intermedlate ﬁlter 50X50X0.009 280 micron
Intermedrate ﬁlter 70X70X0.0065 200 micron
Inner ﬁlter ) 20X216 150 micron
Support layer - 16X16X0.023 o

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 i Table 11 below. The mner 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
Intermediate ﬁlter 70X70X0.0065 | 200 micron
Inner filter 80X80X0.0055 | 180 micron
Quter support layer | 30X300.012
Inner support layer | 16X16X0.023 -
Example 12

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

weEave.

15
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Table 12
~ Layer Meshsize | Poresize
Quter filter 60X60X0.0075 | 230 micron
Intermediate filter | 70X70X0.0065
Inner filter 80X80X0.0055 | 180 micron

Quter support layer | 30X30X0.012
Inner support layer | 16X16X0.023

Example 13

[0061] A screen aésembly 1s prepared with a desired filtration 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
TjLa)@r “: | Mesh size | _qu__cg_gize )
Quter filter 60X60X0.0075 230 micron
Intermediate filter 80X80X0.0055 180 micron
Intermediate filter | 105X105X0.003 | 170 micron
Inner filter 100X100X0.0045 | 140 micron
Quter support layer | 30X30X0.012 o
Inner support layer | 16X16X0.023 N .
Example 14

[0062] 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 14 below. The inner filtration layer is a plain square

weave.
Table 14 o

~ Layer - Mesh size Poresize |
Quter filter 50X50X0.009 280 micron |

Intermediate filter 60X60X0.0075 | 230 micron
| Intermediate filter 80X80X0.0055 180 micron
Intermediate filter 105X105X0.003 | 170 micron

Inner filter 100X100X0.0045 | 140 micron
Quter support layer | 30X30X0.012
Inner support layer | 16X16X0.023

L4

Al
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Example 15
[0063] A screen assembly is prepared with a desired filtration micron rating of

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

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

Table 15
:L L-;yer L N Mesh size
Outer filter | 50X50X0.009 | 280 micron |
Intermediate filter | 60X60X0.0075
Intermediate filter 70X70X0.0065 200 micron

Tntermediate filter | 80X80X0.0055 | 180 micron
Intermediate filter | 105X105X0.003

Inner filter 1 100X100X0.0045 | 140 micron

Outer sugport:fayer 30X30X0.012
Inner support layer | 16X16X0.023

N —

e —— - P —.

Comparative Example A

[006d] By way of comparison, a Poromax® product, a prior art screen
assembly, has a desired filtration micron rating of 125 micron. The screen

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

below.
Table 16
_ Layer | Meshsize | Poresize
Filter layer -1 24X110 125 micron
| Outer support layer | 20X20X0.016
Inner support layer | 16X16X0.023 |
- Comparative Example B

[0065] A screen assembly is prepared with a desired filtration micron rating of
150 micron. The screen assembly includes a commercially available wire wrap
screen. The wire wrdp screen consisted of 0.090 wedge wire with 0.006” gaps

between wires, and 0.125” diameter support wires on 5/8” spacing.

17
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Comparative Example C
[0066] A screen assembly is prepared with a desired filtration micron rating of

150 micron. The screen assembly includes two support layers and a filter layer, as

shown 1n Table 17 below.

Table 17
B Laier l @e;h size :r 1_3_95_;3 size
Filter layer 20X216 150 micron
Quter support layer | 20X20X0.016
Inner support layer | 16X16X0.023 L

[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 fluid 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-up filter for 2 hours. Particulate matter 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 mi/min. The pressure drop across the disc was measured through the course
of the test. Fluid samples downstream of the disc were qbtained to determine the -
. amount éf particles retained by the disc.

[0068]  The results for the South American fluid are shown in Figs. 6 and 7.

~ Fig. 6 shows the pressure drop as a function 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. It 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

13
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Examples. Fig. 7isa graph showing the amount of retained particles as a function
of time for samples prepared from the screen configurations of Examples 9 and 10
and Comparative Examples A-C. It can be seen that the inventive screens
removed acceptable amounts of particles, and removed a greater amount of
particles over the life of the filter than the screens of the Comparative Examples.
[0069] Fig. 8 shows the pressure drop 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 the screen configurations of
Examples 8, 9, and 11-15 provide much longer service life (up to an order of
magnitude higher) than the screeﬁ 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 Exam;)leSQS, 9,and 11-15 and
Comparative Examples A and B. It can be seen that the inventive screens

removed acceptable amounts of particles, and removed a greater amount of

| pérticles 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 the particle holding

- capacity of the filters, thus giving the filters a longer life.

[0071]  Although the present invention has been described with reference to
preferred embodiments, those skilled 1n the art will recognize that changes may be
made and formed in detail without departing from the spirit and scope of the
invention. It is therefore intended that the foregoing detailed description be
regarded as illustrative rather than limiting, and that it be understood that it is the

following claims, including all equivalents, that are intended to define the scope of

this invention.
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What is claimed is:
L. A particle control screen, CGmpris Ing:
a support layer;

-a first filter layer disposed around the support layer;
a second filter layer disposed around the first filter layef; and
a third filter layer disposed around the second filter layer, wherein each of
the ﬁlter layers has a poré 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.

2. The particle control screen of claim 1 wherein the support layer
comprises a first support layer, further comprising a second support layer disposed
around the first support layer.

3. The particle control screen of claim 1 further comprising a fourth filter
layer disposed between the support layer and the first filter layer.

4. The particle control screen of claim 1 wherein at least one of the filter

layers 1s wire mesh.

5. The particle control screen of claim 1 further comprising a weld seam

running the length of the particle control screen assembly and connecting each of

the filter layers together.

6. The particle control screen of claim 1 wherein the first filter layer has a
pore size of between 75 and 300 micron, the second filter layer has a pore size of

between 150 and 400 micron, and the third filter layer has a pore size of between
500 and 1200 micron.

7. The particle control screen of claim 1 wherein the first filter layer has a
pore size of between 75 and 300 micron, the second filter layer has a pore size of

between 150 and 400 micron, and the third filter layer has a pore size of between
200 and 500 micron. |

20
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8. The particle control screen of claim 1 wherein the first filter layer has a
pore size of between 200 and 300 micron, the second filter layer has a pore size of
between 300 and 450 micron, and the third filter layer has a pore size of between -
600 and 800 micron.

9. The particle control screen of claim 1 wherein the first filter layer has a
pore size of between 100 and 200 micron, the second filter layer has a pore size of

between 250 and 350 micron, and the third filter layer has a pore size of between
500 and 600 micron.

10. - The particle control screen of claim 3 wherein the fourth filter layer has

épore size between 75 micron and 150 micron.

1. A downhole assembly comprising:
a perforated base 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 héving a
pore size of between 75 and 300 micron;
a second filter layer disposed around the first filter layer and having
a poré size of between 150 and 400 rnicroﬁ; and
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 pafﬁcle control screen assembly is

- circumferentially welded to the base pipe.

12. The downhole assembly of claim 11 wherein the support layer comprises

a first support layer, further comprising a second support layer disposed around
the first support layer. |

13. The downhole assembly of claim 11 further comprising a fourth filter
layer disposed between the support layer and the first filter layer.

21
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14. The downhole assembly of claim 11 wherein at least one of the filter

layers 1s wire mesh.

15. The downhole assembly of claim 11 further comprising a weld seam

running the length of the particle control screen assembly and connecting each of

the filter layers together.

16. The particie control screen of claim 11 wherein the filter layers are

spirally wrapped around the base pipe.

17. The downhole assembly of claim 11 wherein the first filter layer has a
pore size of between 200 and 300 micron, the second filter iayer has a pore size of

between 300 and 400 micron, and the third filter layer has a pore size of between
600 and 800 micron. '

18. The downhole assembly of claim 11 wherein the first filter layer has a
pore size of between 100 and 200 micron, the second filter layer has a pore size of

between 250 and 350 micron, and the third filter layer has a pore size of between
- 500 and 600 micron.

19. A method of filtering a fluid in a downhole formation comprising;
| 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 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;

22
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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.

20. The particle control screen of claim 19 wherein the support layer

comprises a first support layer, further comprising a second support layer disposed

around the first éupport layer.

21 The particle control screen of claim 19 further comprising a third filter
layer disposed around the second filter layer, wherein the pore size of the third

filter layer 1s greater than the pore size of the second filter layer.

22. The particle control screen of claim 19 further comprising a weld seam

running the length of the particle control screen assembly and connecting the filter

layers together.

23. The particle control screen of claim 21 wherein the first filter layer has a
pore size of between 100 and 300 micron, the second filter layer has a pore size of

between 200 and 400 micron, and the third filter layer has a pore size of between
1500 and 800 micron.

23
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