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Method for Use of Same.

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates, in general, to
controlling the production of particulate materials from a
subterranean formation and, in particular, to a sand
control screen assembly having a swellable material laver
that is operable to radially expand downhole in response to

contact with an activating fluid.



BACKGROUND OF THE | NVENTI ON [ 0002]Wthout limting the scope of the
present invention, its background is described with reference to the
production of hydrocarbons through a well bore traversing an
unconsol i dated or | oosely consolidated fornmati on, as an exanpl e.
[0003] It is well known in the subterranean well drilling and
conpletion art that particulate materials such as sand may be
produced during the production of hydrocarbons froma well traversing
an unconsol i dated or | oospAgkcransw ickated: SwvEarranean formation.
Nuner ous problens may occur as a result of the production of such
particul atgodmt eri alishom@r exaiilidg t henpar bcepkat exfrat et al $reause
abrasi ve wear to conponents within the well, such as tubing, flow
control dewi&asipnd safetydevices 1 addbligba tRgarticHate o
materials may partially or fdlly clog the well creating the need for
an_expensiye WKAKEE ol Sl T i dAkklaul at enlBLER alS alR11pore
produced to the surface, they mu e renoved from the hydrocarbon
fluids b%npr%g§3§{n9 Jul RIIE %s%ﬁi%g% éurﬂ9ce-1koggf% CQ§HQEHQ%gtggr
preventing e préﬁuc I'on of 'such parFlculéie matrerial s i's gravel

packi ng the |.| adj acent the Enconsolidated or | oosely consolidated
pr OdUCti o OormaCtloll, 'as all eXample.

[0003] It is well known 1in the subterranean well
drilling and completion art that particulate materials such
as sand may be produced during the production of
hydrocarbons from a well traversing an unconsolidated or
loosely consolidated subterranean formation. Numerous
problems may occur as a result of the production of such
particulate materials. For example, the particulate
materials cause abrasive wear to components within the
well, such as tubing, flow control devices and safety
devices. In addition, the particulate materials may
partially or fully <¢log the well creating the need for an
expensive workover. Also, if the particulate materials are
produced to the surface, they must be removed from the
hydrocarbon fluids by procesging equipment at the surface.

[0004] One method for preventing the production of such
particulate materials 1s gravel packing the well adjacent

the unconsolidated or loosely consolidated production



interval .In a typical gravel pack conpletion, a sand control screen
Is lowered into the well bore on a work string to a position proxinmte
the desired production interval. Afluid slurry including a liquid
carrier and a particulate material, such as gravel, is then punped
down the work string and into the well annulus forned between the
sand control screen and the perforated well casing or open hole
production zone. [0005] The liquid carrier either flows into the
formati onnteatwsrins t ad he stypheel byrilew ngadlhr edgipliehe oaanda ceanHlol
screen or both. In either case, the gravel is deposited around the

sand contddlt:=ar eedrkenf ordn agicaea paek, e clradlabbirghl ¥ynper neakike
to the fl ow of hydrocarbon fluids but blocks the flow of the

particul adie-iGRy rited ian bB%ihX@hOC?EQQBm&é” déhd's fivedl PrRlGRACKS

can successfully prevent the problens associated with the production
of part'C%Hégf%dfﬂteﬁka£§u1&051&Pny9&8?&&99g a liquid carrier and a

particulate material, such as gravel, is then pumped down
the work string and into the well annulus formed between
the sand control screen and the perforated well casing or
open hole production zone.

[0005] The ligquid carrier either flows into  the
formation, returns to the surface by flowing through the
sand control screen or both. In either case, the gravel is
deposited around the sand control screen to form a gravel
pack, which is highly permeable to the flow of hydrocarbon
fluids but blocks the flow of the particulate carried in
the hydrocarbon fluids. As such, gravel packs can
successfully prevent the problems associated with the
production of particulate materials from the formation.
[0006] It has been found, however, that a complete
gravel pack of the desired production interval is difficult
to achieve particularly in extended or deviated wellbores
including wellbores having long, horizontal production
intervals. These incomplete packs are commonly a result of

the 1liguid carrier entering a permeable portion of the



[0006] It has been found, however, that a conplete gravel pack of the
desired production interval is difficult to achieve particularly in
ext ended or devi ated wel | bores including well bores having | ong,
hori zontal production intervals. These inconplete packs are conmonly
aresult of the liquid carrier entering a perneable portion of the
production interval causing the gravel to dehydrate and forma sand
bridge in the annulus. Thereafter, the sand bridge prevents the
slurry fromdlavidig tatbheal ermindery oththegmnrl usowhishydidtd Ukhd
prevents the placenent of sufficient gravel in the renmainder of the
product i ofbindt &1 Vaha [B0QGd niaddhti eRnuitishas Brep-{ ppd, t AL ghave!
packing is not feasible in certain open hole conpletions. Attenpts
have been,pmde. t.0-4sg expapdabl g fPtalors ad QR Y 367 GRS inleSUch
open hol e conpl etions. These expandabl e netal Sand control screens
are typi y Il ed:.t n.t he: ywel e i usi_ng
a hydrauﬁ?%isﬁ%g%hgf cgﬁgthatl%ggéggﬂth%%ﬁgﬁh?%ea#%%eﬁﬁ%%ﬂ%%ggheOQ
screen or_other. netal forning techniques. .ln addition.to filterin
parti cul a?ueégr}la leerql}acal sglf)aﬁrter?of qt ect?})er mat 1 on 11 Ui ds?,f onr]:eheberPerﬁ tegfon
t hese expandabl e sand control screens is the radial support they
provi de t0"tHe’For mati on whi ch hel ps prevent formation collapse. It
has been found, however,_ that conventional _expandabl e sand contr ol
screens dPHOA contdct adE & ofttt héaRel M5SRe dVRG t FERE efterEL
length as the wellbore profile_is not uniform More specifically, due
to the prRREEGSNDfLRr APEi fGasH® 1Rl Ithofer BhiR hePeRogerRei tdPafletieons -
downhol e strata, washouts or other

Attempts have been made to use expandable metal sand

control screens in such open hole completions. These
expandable metal sand control screens are typically
installed in‘ the wellbore then radially expanded using a
hydraulic swage or cone that passes through the interior of
the screen or other metal forming techniques. In addition
to filtering particulate materials out of the formation
fluids, one benefit of these expandable sand control
screens 1is the radial support they provide to the formation
which helps prevent formation collapse. It has been found,
however, that conventional expandable sand control screens
do not contact the wall of the wellbore along thelr entire
length as the wellbore profile 1s not uniform. More
specifically, due to the process of drilling the wellbore

and hetercgeneity of the downhole strata, washouts or other



irregularities commonly occur which result in certain |ocations

wi thin the well bore having |arger dianeters than other areas or
havi ng non circular cross sections. Thus, when the expandabl e sand
control screens are expanded, voids are created between the
expandabl e sand control screens and the irregular areas of the
wel | bore, which has resulted in inconplete contact between the
expandabl e sand control screens and the wellbore. In addition, with
certain camentliaaniali eex paasaiang vsamdctent Molichcr eersiltt hdnt hreeadedn
connections are not expandabl e which creates a very conplex profile,
at | east J@paiicdm Wit cthelogel NBbr&ORbachgt haryelkl Babeetbukt Rean
when conventi onal expandabl e sand control screens are expanded, the

radi al stdighgt haodad herexpanded el eensdisdrastécakbyc {sduced Thys,
resulting inlittle, if any, radial support to the borehole.

[ 0008] Thepefor @ned 8% gnaam@rissa@mf.%ronmqndsewéﬁg's 2 gfé;cp%e%ﬁ%@?' y

that prevents the production of particulate materia

that t : dr n i S er j j {
he need TR dray (LaEaLRAN BERLLAA SURL O CANGRILI QL TN, Wi
arisen for_such a s control screen asse t ha .

"t or ventd SRS Y pr T GBS TRHTAT ShBb0r Ot bEEnd oFSPREEr ol WP
t he need for, expanding netal tubul ars. gurther, ﬁ need ggs ri sen
for such™® orftr C%Pﬁ%%e aSSRWBTYy PREVEPR LhPt spPaTFgPLe sand

operation in |l ang, horizontal, ogen hol e conpl eti ons. . .
control T screens and the wellbore. In addition, with

certain conventional expandable sand control screens, the
threaded connections are not expandable which creates a
very complex profile, at least a portion of which does not
contact the wellbore. Further, when conventional
expandable sand control screens are expanded, the radial

strength of the expanded screens is drastically reduced

resulting in 1little, if any, radial support to the
borehole.
[0008] Therefore, a need has arisen for a sand contrel

screen assembly that prevents the production of particulate
materials from a well that traverses a hydrocarbon bearing
subterranean formation without the need for performing a
gravel packing operation. A need has also arisen for such
a sand control screen assembly that interventionlessly

provides radial support to the formation without the need



SUMVARY OF THE | NVENTI ON [ 0009] The present invention disclosed herein
conprises a sand control screen assenbly that prevents the production
of particulate materials froma well that traverses a hydrocarbon
beari ng subterranean formati on or operates as an injection well. The
sand control screen assenbly of the present invention achieves this
result without the need for performng a gravel packing operation. In
addition, the sand control screen assenbly of the present invention

i nt er ventfgn! essdydpi@vingesl r adbah asypporsurithdihe 4 ofigdd i hasWatiewh

t he need for expanding netal tubulars. Further, the sand control
screen asggbhycRf ot heard es8Rt rbNVERELAR % sHi1gbl endtor 1 9peratia®nel N
open hole conpletions in [ong, horizontal production intervals.
[0010] I n gne A4sRekliont he REASENhokDYERELDPN bSediHEW drlA & iSaRd
control screen assembly that is operable to be positionéd within a
wel | bore. The sand control screen assenbly includes a base pipe
havi ng at | east one opening in a sidewall portion thereof and an
internal flow path. A swellable material |layer is disposed exteriorly
of at least a portion of the base pipe. A fluid collection
subassenbly is disposed exteriorly of the swellable material |ayer
and is in fluid comrunication with the internal flow path via



t he opening. A drainage |layer is disposed exteriorly of the fluid

col l ecti on subassenbly and the swellable material |ayer such that, in
response to contact wth an activating fluid, radial expansion of the
swel |l abl e material |ayer causes at |least a portion of the fluid
col | ecti on subassenbly and the drai nage | ayer to be displaced toward
a surface of the wellbore. [0011]1n one enbodinent, the swell able
material |ayer is disposed exteriorly of a blank pipe section of the
base pipe. |In another enbodimemaRry OReTHEuimvEWwPi@cti on subassenbly
includes a plurality of circunferentially distributed perforated
tubul ars.[dovsgone emeodbr@sdiss antéht £6n madkuMbisdoper-abhy @sgRGisaied
with the sand control screen assenbly and is disposed in a fluid path

bet ween thesaxd eddrf ddeesank L1l 180 eanRstemine dbdhe ion

i nt er nal flom1path For exanple, the filter nedium nmay be di sposed

internal 44 dhilctthd cgol h&Eék?&léUbﬁé&?”@ Y@ 1t Nenfi | ttﬁfanf@idéé{sm By

be di sposed mnstreanlof the flurd collection subassenb

[0012] Prg{ Hbd ?ggﬂﬂnggt 'sngt[ekyée?%gi gtoﬂm%%%n%%: Oépérates as

hydrocar ul

an injection well. The sand control screen assembly of the
present invention achileves this result without the need for
performing a gravel packing operation. In addition, the
gsand control screen assembly of the present invention
interventionlessly provides radial support to the formation
without the need for expanding metal tubulars. Further,
the sand control screen assembly of the present invention
is suitable for operation in open hole completions in long,
horizontal production intervals.

[0010] In one asgpect, the present invention is directed
to a sand control screen assembly that is operable to be
positioned within a wellbore. The sand contrel screen
assembly includes a base pipe having at least one opening
in a sidewall portion thereof and an internal f£low path. A
swellable material layer is disposed exteriorly of at least
a portion of the base pipe. A fluid collection subassembly
is disposed exteriorly of the swellable material layer and

is in fluid communication with the interxmal flow path via



enbodi ments, radial expansion of the swellable nmaterial |ayer causes
at least a portion of the drainage layer to contact the wellbore. In
t hese enbodi nents, the drai nage | ayer provides a stand off region
between the fluid collection subassenbly and the well bore. In one
enbodi nent, the drainage layer is formed froma plurality of
circunferential drainage | ayer segnents. In sonme enbodi nents, an
additive is carried within the drainage | ayer. For exanple, the

additive tmy bpeaingactinedsubshgacaasueh ias aidegsatabkecpobydpr of
sel ected fromthe group consisting of polysaccharides, dextran,

cel lul osegnehitiN$, c& d ASINS LRIy alddPhald GuRaleSkehtiterial

pol y(l acti des), pol y(gl ycol i des), pol y(e-caprol act ones),

p0|Y(anhYﬂé}Q@Sngﬁlyﬁgypr?ﬁY?BE%BﬁE@SLOaEBBQQEECwith an activating
fluid, radial expansion of the swellable material layer
causes at least a portion of the fluid collection
subassembly and the drainage layer to be displaced toward a
surface of the wellbore.
[0011] In one embodiment, the swellable material layer
is disposed exteriorly of a blank pipe section of the base
pipe. In another embodiment, the fluid collection
subassembly includes a ©plurality of circumferentially
distributed perforated tubulars. In some embodiments, a
filter medium is operably associated with the sand control
screen assembly and is disposed in a fluid path between the
exterior of the sand control screen assembly and the
internal flow path. For example, the filter medium may be
disposed internal to the fluid collection subassembly or
the filter medium may be disposed downstream of the fluid
collection subassembly.
[0012] Preferably, the activating f£luid is at least omne
of a hydrocarbon fluid, water and gas. In certain

embodiments, radial expansion of the swellable material

layer causes at least a portion of the drainage layer to



pol ycar bonat es, pol y(ort hoesters), pol y(am noaci ds), pol y(ethyl ene

oxi des) and pol yphosphazenes. In other enbodinents, the additive may
be selected fromthe group consisting of aliphatic polyesters,

pol y(l actides), poly(lactic acids) and pol y(anhydrides). [0013]In
anot her aspect, the present invention is directed to a method of
installing a sand control screen assenbly in a wellbore. The nethod

i ncl udes running the sand control screen assenbly to a target

| ocat i on adritsat ttiee wekl bboee . t hars atide €ONERMBOA SBELEH, asRemdryihavyieng
a base pipe, a swellable material |ayer disposed exteriorly of at

| east a pefiidron @owadease Pi pand fldifd GRldiest | pRrsebassemel Y F1uid
di sposed exteriorly of the swellable nmaterial |ayer and a drai nage
layer di sRosed@@dreri gub¥so&mbhie flawiad cehlectjonskassenbly, andythe
swel l abl e material |ayer; contacting the swellable material |ayer

wi th an ' ' flayl d; i y ndign blLe R i;

| ayer inae(r}@so\p%tr[]dseg&t'o %%t%%%%%} %ﬁgggcgisvgﬁlﬁlgef}ﬂﬁ%%? gngﬁ%h%g/
di spl aci at | r.t.i-on . flyi ol | i subassenbl nd
t he drai%gbeﬁﬁggﬁﬁﬁé%éﬁ%#%?s&&%&%%ggf ﬁﬁge%elF%%bgggﬁ'resp§%5e5¥g%

the radial@xAansian of,thes8Jabhe Mateidl La¥ein the arainage

layer. For example, the additive may be a reactive
substance such as a degradable polymer selected from the
group consisting of polysaccharides, dextran, cellulose,
chiting, chitogans, proteins, aliphatic polyesters,

poly(lactides}, pely (glycolides), poly(e-caprolactones),

poly (anhydrides), poly (hydroxybutyrates), aliphatic
polycarbonates, poly (orthoesters), poly (amino acids),
poly({ethylene oxides) and polyphosphazenes. In other

embodiments, the additive may be selected from the group
consisting of aliphatic polyesters, poly(lactides),
poly{lactic acids) and poly(anhydrides).

[0013] In another aspect, the present invention is
directed to a method of installing a sand contrcl screen
agsembly in a wellbore. The method includes running the
sand control screen assembly to a target location within
the wellbore, the sand control screen assembly having a

base pipe, a swellable material layer disposed exteriorly



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] For a nore conplete

under standi ng of the features and advantages of the present

invention, reference is now nade to the detail ed description of the
invention along with the acconpanying figures in which correspondi ng
nunmerals in the different figures refer to corresponding parts and in
which: [0015]Figure A is a schematic illustration of a well system
operating a plurality of sand control screen assenblies in their

runni ng conf hgunakisen Acsoreidg be an wiodbipnt af ke gpreseriction

i nvention;
gubassembly disposed exteriorly of the swellable material
layer and a drainage layer disposed exteriorly of the fluid
collection subassembly and the swellable material Ilayer;
contacting the swellable material layer with an activating
fluid; radially expanding the swellable material layer in
response to contact with the activating £fluid; and
displacing at least a portion of the fluid collection
subassembly and the drainage layer toward a surface of the

wellbore 1n response to the radial expansion of the

swellable material layer.
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[0016] Figure 1B is a schematic illustration of a well system
operating a plurality of sand control screen assenblies in their
operating configuration according to an enbodi nent of the present

i nvention; [0017]Figure 2A is a cross sectional view taken along line
2A- 2A of a sand control screen assenbly of figure A in a running
configuration according to an enbodi nent of the present invention;
[0018] Figure 2B is a cross sectional view taken along |ine 2B-2B of a
sand control screen assgeny \poRECHIWON LB TAEADRARENGEI Ng
configuration according to an enbodi nent of the present invention;

[0014] For a more complete understanding of the features

and advantages of the present invention, reference 1s now
made to the detailed description of the invention along
with the accompanying £figures in which corresponding
numerals in the dJdifferent figures refer (o corresponding
parts and in which:

[0015] Figure 1A is a schematic i1llustration of a well
system operating a plurality of sand control screen
assemblieg in their running configuration according to an
embodiment of the present invention;

[0015] Figure 1B is a schematic illustration of a well
system operating a plurality of sand control screen
assemblies in their operating configuration according to an
emboediment of the present invention;

[0017] Figure 2A 1is a cross sectlional view taken along
line 2A-2A of a sand control screen assembly of figure 1A
in a running configuration according tco an embodiment of
the present invention;

[0018] Figure 2B 1s a cross sectional view taken along
line 2B-2B of a sand control screen assembly of figure 1B
in an operating configuration according to an embodiment of

the present invention;

i1



[0019]Figure 3 is a side view partially in quarter section of a sand
control screen assenbly according to an enbodi nent of the present
I nvention; [0020]Figure 4A is a cross sectional view of a sand
control screen assenbly in a running configuration according to an
enbodi mrent of the present invention; [0021]Figure 4B is a cross
sectional view of a sand
[0019] Figure 3 1is a side wview partially 1in quarter
section of a sand control screen assembly according to an
embodiment of the present invention;
[0020] Figure 4A 1is a cross sectional view of a sand
control screen assembly in a running configuration
according to an embodiment of the present invention;:
[0021] Figure 4B is a c¢ross sectional view of a sand
control screen assembly 1in an operating configuration
according to an embodiment of the present invention;
[0022] Figure 5 1is a side view partially in quarter
section of a sand control screen assembly according to an
embodiment of the present invention;
[0023] Figure 6 1is a side wview partially in quarter
section and partially in half section of a sand control
screen assembly according to an embodiment of the present
invention;
[0024] Figure 7 1is a side view partially in quarter
section of a sand control screen assembly according to an
embodiment of the present invention;
[0025] Figure 8A 1is a cross sectional view of a sand
control screen assembly in a running configuration

according to an embodiment of the present invention;

[0026] Figure 8B 1is a cross sectional view of a sand

1z



control screen assenbly in an operating configuration according to an
enbodi nent of the present invention; [0022]Figure 5 is a side view
partially in quarter section of a sand control screen assenbly
according to an enbodi ment of the present invention; [0023]Figure 6
is a side view partially in quarter section and partially in half
section of a sand control screen assenbly according to an enbodi nment
of the present invention; [0024]Figure 7 is a side view partially in
quarter control screen assembly 1in an operating configuration

according to an embodiment of the present invention;

[0027] Figure 9A 1s a cross sectional wview of a sand

control screen assembly according to an embodiment of the

present invention;

[0028] Figure 9B 1s a cross sectional wview of a sand

control screen assembly according to an embodiment of the

present invention;

[0029] Figure 9C 1is a cross sectiocnal view of a sand

control screen assembly according to an embodiment of the

present invention;

[0030] Figure 10A 1is a cross sectional view of a sand

contreol screen assembly in a running configuration

according to an embodiment of the present invention;

[0031] Figure 10B is a cross sectional view of a sgand

control screen assembly in an operating configuration

according to an embodiment of the present invention;

[0032] Figure 11 is a cross sectional wview of a sand

control screen assembly according to an embodiment of the

present invention;

[0033] Figure 12 1is a cross sectional view of a sand

control screen assembly according to an embodiment of the

present invention;
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section of a sand control screen assenbly according to an enbodi nent
of the present invention; [0025]Figure 8A is a cross sectional view
of a sand control screen assenbly in a running configuration
according to an enbodi nent of the present invention; [0026]Figure 8B
is a cross sectional view of a sand control screen assenbly in an
operating configuration according to an enbodi nent of the present
I nvention;
[0034] Figure 13A is a gide wview of a sand control
screen assembly in a running configuration according to an
embodiment of the present invention;
[0035] Figure 13B is a side wview of a sand control
screen assembly in an operating configuration according to
an embodiment of the present invention;
[0035] Figure 14A is a cross sectional view taken along
line 14A-14A of a sand control screen assembly of figure
13A in a running configuration according to an embodiment
of the present invention;
[0037] Figure 14B is a cross secticnal view taken along
line 14B-14B of a gand control screen assembly of £figure
13B in an operating configuration according to an
embodiment of the present invention;
[0038] Figure 154 is a quarter sectional view of a sand
control gcreen asegembly din a running configuration
according to an embodiment of the present invention;
[0039] Figure 15B is a quarter sectional view of a sand

control screen assembly in an operating configuration

according to an embodiment of the present invention.
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[0027] Figure 9A is a cross sectional view of a sand control screen
assenbly according to an enbodi nent of the present invention;
[ 0028] Figure 9B is a cross sectional view of a sand control screen
assenbly according to an enbodi nent of the present invention,;
[0029] Figure 9C is a cross sectional view of a sand control screen
assenbly according to an enbodi ment of the present invention;

DETAILED DESCRIPTION OF THE INVENTION

[0040] While the making and using of various embocdiments
of the present invention are discussed in detail below, it
should be appreciated that the present invention provides
many applicable inventive concepts which can be embodied in
a wide wvariety of specific contexts. The specific
embodiments discussed herein are merely i1llustrative of
specific ways to make and use the invention, and do not
delimit the scope of the present invention.

[0041] Referring initially to figure 1A, therein is
depicted a well system including a plurality of sand
control screen assemblies embodying principles o¢f the
present invention that is schematically illustrated and
generally designated 10. In the illustrated embodiment, a
wellbore 12 extends through the wvarious earth strata.
Wellbore 12 has a substantially wvertical section 14, the
upper portion of which has installed therein a casing
string 16 that is cemented within wellbore 12. Wellbore 12
also has a substantially horizontal section 18 that extends
through a hydrocarbon bearing subterranean formation 20.
As idllustrated, substantially horizontal section 18 of
wellbore 12 is open hole.

[0042] Positioned within wellbore 12 and extending from

15



[ 0030] Figure 10A is a cross sectional view of a sand control screen
assenbly in a running configuration according to an enbodi nent of the
present invention; [0031]Figure 103 is a cross sectional view of a
sand control screen assenbly in an operating configuration according
to an enbodi nent of the present invention; [0032]Figure 11 is a
cross sectional view of a sand control screen assenbly according to
an enbodi nent of the present invention;
the surface 1is a tubing string 22. Tubing string 22
provides a conduit for formation fluids to travel from
formation 20 to the surface. Positioned within tubing
string 22 ig a plurality of sand control screen assemblies
24 . The sand control screen assemblies 24 are shown in a
running or unextended configuration.
[0043] Referring also to figure 1B, therein is depicted
the well system of figure 1A with sand control screen
assemblies 24 in their operating or radially expanded
configuration. As explained in greater detail below, each
of the depicted sand control screen assemblies 24 has a
bage pipe, a fluid collection subassembly, a filter medium
and a swellable material layer. In general, the swellable
material layer is disposed exteriorly around the
clrcumference of a blank pipe section of the base pipe and
the fluid collection subassembly 1lg disposed exteriorly of
the swellable material layer. The filter medium may be
disposed externally of the fluid collection subassembly,
internally of the fluid collection subassembly, downstream
of the fluid collection subassembly or any combination
thereof. In this configuration, when sand control screen

assemblies 24 come in contact with an activating £fluid,

such asg a hydrocarbon fluid, water or a gas, the swellable
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[0033]Figure 12 is a cross sectional view of a sand control screen
assenbly according to an enbodi nent of the present invention;

[0034] Figure 13A is a side view of a sand control screen assenbly in
a running configuration according to an enbodi nent of the present

i nvention; [0035]Figure 13B is a side view of a sand control

material layer of each sand control sgcreen assembly 24
radially expands which in turn causes the fluid collection
subassembly of each sand control screen agsemblies 24 to
contact the surface of wellbore 12.

[0044] Even though figureg 1A-1B, depict tubing string
22 as including only sand control screen assemblies 24,
those skilled in the art will recognize that tubing string
22 may include any number of other tools and systems such
as fluid flow control devices, communication systems,
safety systems and the like. Also, tubing string 22 may be
divided into a plurality of intervals using zonal isoclation
devices such as packers. Similar to the swellable material
in sand control screen assemblies 24, these zonal isolation
devices may be made from materials that swell upon contact
with a fluid, such as an i1norganic or organic £luid. Some
exemplary fluids that may cause the zonal isolation devices
to swell and isolate include water, gas and hydrocarbons.
[0045] In addition, even though figures 1A-1B depict the
gand control screen assemblies ©f the present invention in
a horizontal section of the wellbore, it should be
understood by those skilled in the art that the sand
control screen assemblies of the present invention are

equally well suited for use 1in deviated or wvertical
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screen assenbly in an operating configuration according to an
enbodi nent of the present invention; [0036] Figure 14A is a cross

secti onal
assenbl y

view taken along |ine 14A-14A of a sand control screen
of figure 13A in a running configuration according to an

enbodi ment of the present invention; [0037]Figure 14B is a cross

sectional
assenbl y

vi ew taken along |ine 14B-143 of a sand control screen

of figure

wellbores. Accordingly, it should be understood by those
gkilled in the art that the use of directional terms such
as above, below, upper, lower, upward, downward and the
like are used in relation to the illustrative embodiments
as they are depicted in the figures, the upward direction
being toward the top of the corresponding figure and the
downward direction being toward the bottom of the
corregponding figure. Likewise, even though figures 12A-1B
depict the sand control screen assemblies of the present
invention in a wellbore having a single borehole, it should
be understood by those skilled in the art that the sand
control screen assemblies of the present i1nvention are
equally well suited for wuse 1in multilateral wellbores
having a main wellbore and a plurality of branch wellbores.
[0046] Referring to £figure 22, therein is depicted a
cross sectional view of a sand control screen assembly in
its running configuration that embodies principles of the
present invention and is generally designated 40. Sand
control screen assembly 40 includes base pipe 42 that
defines an internal flow path 44. Base pipe 42 has a
plurality of openings (not pictured in this cross section)
that allow fluid to pass between the exterior of base pipe

42 and internal flow path 44. Positioned around base pipe
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13B in an operating configuration according to an enbodi nent of the

pr esent

I nvention; [0038]Figure 15A is a quarter sectional view of a

sand control screen assenbly in a running configuration according to
an enbodi ment of the present invention; [0039]Figure 15Bis a

quarter

sectional view of a sand control screen assenbly in an

operating configuration according to an enbodi nent of the present
I nventi on.

42 is a swellable material layer 46. Swellable material
layer 46 1is attached to base pipe 42 by bonding or other
suitable technique. Preferably, the thickness of swellable
material layer 46 is optimized based upon the diameter of
sand control screen assembly 40 and the diameter of
wellbore 48 such that upon expansion, as explained in
greater detall below, substantially uniform contact between
both swellable material layer 46 and a f£luid collection

subassembly 50 with the surface of wellbore 48 is achieved.

[0047] In the illustrated embodiment and as best seen in
figure 3, fluid collection subassembly 50 includes a
plurality of perforated tubulars 2. Preferably,

perforated tubulars 52 are circumferentially distributed
about the portion of sand control screen assembly 40 that
includes swellable material layer 46. In operation,
production fluids enter fluid collection subassembly 50 via
openings 54 of perforated tubulars 52 and are discharged
into annular region 56 between base pipe 42 and outer
housing 58. Even though perforated tubulars 52 have been
depicted as having a circular cross section, it should be
understood by those skilled in the art that perforated
tubulars 52 could altermatively have cross sections of

different shapes including ovalsg, triangles, rectangles and
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0040] Whi | e t he nmaki ng and
usi ng of various enbodi nents of the present invention are discussed
in detail below, it should be appreciated that the present invention
provi des nany applicable inventive concepts which can be enbodied in
a wde variety of specific contexts. The specific enbodi ments

di scussed herein are nmerely illustrative of specific ways to nmake and
use the invention, and do not delimt the scope of the present

i nvent i onchd 0044 Ref ellilngsi Abhi abiMet iéi Gbes IfscddatLin is
depicted a well systemincluding a plurality of sand control screen

assenbl i epgqdodyi nG R IiNGP! £5 Ohcihgedr £Spntirkive tb@”onﬁEn!3§ 60
schematically illustrated and generally designated In"th

lllustratﬁ&ia@ﬂmgi;g'sgﬁ»od%c\e%hb% iK¥s e%é%ﬁe&gpﬁ%&ﬂe f%w Ath

earth strata. W has a substanti al section 14,
the upper, porti i |1 re i trjng
that is céﬁente@gaﬁéﬁln el Q%%%eeﬁig E%@é ég %F§%§h§9pa 12940
substantlall hoglﬁg t al %pctlo 8.th%£ %ends tgroug%éa
hydr ocar bbH bdhr FRY suﬁté}ﬁéﬁgan o%ﬁatlo ustrated

subst anti al hori zontal section 18 o ore 12 S 0 I
00a2] PoSTId LG 44 THY nCABEF bER 021 T RHAmSRP o GCRG SO S lement " such

as a fluid-porous, particulate resgtricting, metal screen

Filter

having one or more layers of woven wire or £fiber mesh that
may be diffusion bonded or sintered together to form a
screen designed to allow fluid flow therethrough but
prevernt the flow of particulate materials of a
predetermined size from passing therethrough. In the
illustrated embodiment, filter medium 62 includes outer and
inner drainage layers 64, 66 that have a relatively course
wire mesh with a filtration layer 68 dispesed therebetween
having a relatively fine mesh. It should be noted that
other types of filter media may be used with the sand
control screen assemblies of the present invention, such as
a wire wrapped screen, a prepack screen, a ceramic screen,
metallic beads such as stainless steel beads or sintered
stainless steel beads and the 1like. Filter medium 62 is
sized according to the particular requirements of the

production =zone into which it will be installed. Some
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the surface is a tubing string 22. Tubing string 22 provides a conduit
for formation fluids to travel fromformation 20 to the surface.
Positioned within tubing string 22 is a plurality of sand control
screen assenblies 24. The sand control screen assenblies 24 are shown
in a running or unextended configuration. [0043] Referring also to
figure 1B, therein is depicted the well systemof figure |Awth sand
control screen assenblies 24 in their operating or radially expanded

confi gur ad:temp1AS, exptad Nnefl theghegkerindetdidehahetiueach @byt be in
depi cted sand control screen assenblies 24 has a base pipe, a fluid

col | ecti ophsuhassaMvanddrdd khe@h pRAGEM and a swel | abl e materi al
| ayer. In general, the swellable naterial |ayer is disposed

exteriorl po@gund theLinent eiencefh 13 Blankepi pegaest ban ahdan
base pipe and the fluid coll ection subassenbly i s disposed exteriorly

f th I [ I he fi [ |
oxt ormal 15 of PR Tl ubo ST oo SOtastarbl . L Arar NSIs ot thee™

fluid colleg;hgp sqﬂ§sgﬁgblytsdomqgkgean1of t :_flu'qc%glleCthnthe

subasserrb‘k’fsyS or aYny conbihatT6h tHersor"9 n TH S LR guration, whén

sand conty.al screen asigngLigs 24 qﬁggkim‘cont%pt.ghth an acti%agggg

fluid, such™SR-22YRr GELPEORPFui ¥ et®r Br "2 G421 nd2%Gk! 14l
come 1in contact with an activating £fluid, such as a
hydrocarbon fluid, water or gas, which has caused swellable
material layer 46 to radially expand into contact with the
surface of wellbore 48, which, in the illustrated
embodiment, is the formation face. In addition, the radial
expansion of swellable material layer 46 has caused
perforated tubulars 52 of fluid collection subassembly 50
to come into contact with the surface of wellbore 48. One
benefit provided by the sand control screen assemblies of
the present invention is that in addition to providing a
path for formation fluids to enter internal flow path 44
and filtering particulate materials out of the formation
fluids, the sand control screen assemblies of the present
invention also provide support to the formation to prevent
formation collapse. Compared with convention expandable
metal sand control screens as digcussed above, the sand

control screen assemblies of the present Iinvention provide
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material |ayer of each sand control screen assenbly 24 radially
expands which in turn causes the fluid collection subassenbly of each
sand control screen assenblies 24 to contact the surface of wellbore
12. [0044] Even though figures 1A-1B, depict tubing string 22 as

i ncluding only sand control screen assenblies 24, those skilled in
the art will recognize that tubing string 22 may include any nunber
of other tools and systens such as fluid flow control devices,

cCoOmMuUNI Catnib st @Bt oSl ety taYSERET a8and Hitod | kes @lr%%utetr{lbh:%alal
string 22 nay be divided into a plurality of intervals using zonal

| sol ati on.devi Cies SUe r&cﬁﬁ&%‘a‘dﬁ."er $ndSicld Awdi19aidle sselk-abhe 1apker ial

in sand control screen assenbl |es 24, these zonal isolation devices

may be made. r&% L& aét?cli | 4PRA £ Pt Qﬁg?v‘ﬁcéhcé ELihdeosuch
as an inorganic organlc |UI one exenp ary ul hat may

cause the zqﬂ%hflsolat eV|ces to swe %elsolate ﬂgﬁé% g w%ter
gas and hyé}ocar ons. f%ﬁf n addltlon Ve oughr%?gures tASTR

depict the sand contr .ol screen assenblles resent .inventign in
Cohort zonihs Bt TG0 TR e i B S5 et oy By on
those skilled in the art that the sand control_ screen assenblies of
the preséNioYiftfenPrbeale aRAN | yORe @S upREd 70 uB&li PheviCatédssr

verti cal
gupport to the wellbore. Those gkilled in the art will

recognize that the collapse support provided by the present
invention can be optimized for a particular implementation
though specific design features of the base pipe, the
swellable material layer and the fluid collection
gsubassembly.

[0050] Various techniques may be used for contacting
swellable material layer 46 with an appropriate activating
fluid for causing swelling of swellable material layer 46.
For example, the activating fluid may already be present in
the well when sand control screen assembly 40 is installed
in the well, in which case swellable material 1layer 46
preferably includes a mechanism for delaying the swelling
of sgswellable material layer 46 such as an absorption
delaying or preventing coating or membrane, swelling
delayed material compositions or the like.

[0051] Alternatively, the activating £fluid may be
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wel | bores. Accordingly, it should be understood by those skilled in
the art that the use of directional ternms such as above, bel ow,

upper, |ower, upward, downward and the like are used in relation to
the illustrative enbodinents as they are depicted in the figures, the
upward direction being toward the top of the corresponding figure and
t he downward direction being toward the bottom of the correspondi ng
figure. Likew se, even though figures 1A-1B depict the sand contro
screen assirilliasedfthieudh esieat wehyenabi ewelllaBlveakereaaviaggra 46
single borehole, it should be understood by those skilled in the art

that the sand- comhd OboBEFBEN seseenbldeen®f vt hey presentchnyeat kan wdee
equally well suited for use in nmultilateral wellbores having a main

vel | bore and a thrﬁthMleaQEéBﬁQtﬂ6é|bghésack@@é@hn&eEﬁh&an%a§0be
figure 2A, therein is depicted a cross sectional view of a sand

control ﬁ:ﬁ{b S i Rl n n ur at 19%(;%_[
principlzggo the gggégﬁkglﬁ%%%%lon a%ﬁﬁ?sEsgnéﬁgh%% E@Slgnate q%§g
Sand cont rgern. ass 4 es e £7.,;that def | n
i nt er nal %If ov‘\?[calaﬁ aseélpl gte Elljrz'hhgos a uré%la&t r(;:penl n(ffjlser%?’n(()j{El
pictured |n this cross section) .that al w fl ui Ss. bet ween .t
exteri or Y bRSe B?ﬁi AR BIner T Dl par 4ﬁWE@§§W?oﬁﬁa’§e§ﬁ5ﬂnd
base plpe 42 is a swellable material |ayer 4 Swellabl mat.eri al

| ayer 46 1%/ t4k DR P FFIFP UTRA ot%ﬁ‘%%ﬂ%ngblwét

techni que. Preferably, the thickness  of smellable material |ayer 46

i s opti mZ& REASKERESE AEthéNgi AR¥EBE L8R -sand control screen assenbly
40 and the diameter of wellbore 48 such that upon expansion, as

expl ai nedl94PYr eat Sweddzdille vatewiaduBavant kgl Ly dviredmizon ape or
bet ween both swellable material layer 46 and a fluid collection
subassentigrssOmaiehiahe shafacwedfl wdldrborent8ctiad ablii evedact{iBG4dlonl n
the illustrated enbodi mrent and as best seen in figure 3, fluid

col | ecti afilwsithassettblas 5 | hodbnmtesi @ g wddrtiye dflude.f ormdre dextampllegr s
52. Preferably, perforated tubulars 52 are circunferentially

di stri buttgd ahetérihe pert iwn of RARheeONiHpl SGEEEH assSenbliy 4Qnddhat
i ncl udes swellable material |ayer 46. In operation, production fluids

enter fluiwk cohkechion sibagpeabl 3Ol idrOPBRi NEs adcofabeshoratad
tubul ars 52 and are discharged into annul ar regi on 56 between base

pi pe 42 andh OuWEfmeHIING 1R8- mal::é/e?xrﬁ.atlhwré% lor atgg 6&@‘81@50%1%&3%

been depicted as having a circular cross séction, it should be

under st oqd, by 1,hqse,Ski | Ledeinathe art, tt?r?ttg??%flor@ 8 O AL S B

coul d al ternatively have cross sectlons 0 erent shapes inc

oval's, 1riangl§s.,fSPLANESS Abrfitd e AhEldeARdIoN UMY 6
0oil or a gas. The hydrocarbon is absorbed into the
swellable material such that the volume of the swellable
material increases, c¢reating radial expansion of the
swellable material. Preferably, the swellable material
will swell until its outer surface and perforated tubulars

52 of fluid collection subassembly 50 contact the formation

face in an open hole completion or the casing wall in a
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[ 0048] Base pipe 42 includes a plurality of openings 60 that allow
production fluids to enter internal flow path 44. D sposed around this
portion of base pipe 42 and within annular region 56 is a filter

medi um 62. Filter medi um 62 may conprise a nechani cal screening

el ement such as a fluid-porous, particulate restricting, netal screen
havi ng one or nore |ayers of woven wire or fiber nesh that may be

di ffusi on bonded or sintered together to forma screen designed to

al l ow fl uigbdd owvthepetdr ough THE pee¥EDiblle hbewrohlparddc@dangly
materials of a predeterm ned size from passing therethrough. In the

i||LﬁtrfﬂgﬁbéﬁﬁéﬁlﬂﬁétenékbyeEdnﬁhéﬂﬁﬁgh'ﬁé&ﬁ&kﬁté&“@ﬁb@ﬁ&kénﬁﬁrof

dr ai nage ers 64, 66 that have a relatively course wire mesh with a
filtrati %d@dercéﬁ&%edsﬁmse&%we%@avmg éoﬁ‘ééé‘ﬁ' vebynfiRee
mesh. It should be noted that other types of filter nmedia may be used
with the sand.control screen assenblies of the present invention,
such as a wre wapped screen, a prepack screen a ceram c screen,
metallic sucQ;as st%igle S steegwegg 1 Nt er.eq st ai.nl 8§
steel beads and theTike. “H Fiedi 7sS S|ze accordlngnt ut e

Pﬁ;t :,iﬂjlagerlag ul rgo QT%esrs?f tsnghpra%duE%Dl\?nrlzlgggrl, nt %yvrwglngh butavc\flenet,)e
natural rubbker, ethylene propylene monomer rubber, ethylene
propylene diene monomer rubber, ethylene wvinyl acetate
rubber, hydrogenized acrylonitrile butadiene rubber,
acryleonitrile butadiene rubber, isoprene rubber,
chloroprene rubber and polynorbornene. These and other

swellable materials swell in contact with and by absocrption
of hydrocarbons so that the swellable materials expand. In
one embodiment, tThe rubber o©of the swellable materials may
also have other materials dissolved in or in mechanical
mixture therewith, such as fibers of cellulose. Additional
options may be rubber in mechanical mixture with polyvinyl
chloride, methyl methacrylate, acrylonitrile, ethylacetate
or other polymers that expand in contact with oil.

[0054] In another embodiment, the swellable material is
a material that swells upon contact with water. In this
case, the swellable material may be a water-swellable

polymer such as a water-swellable elastomer or water-
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exenplary sizes of the gaps in filter medium 62 may be in the 20-250
standard mesh range. [0049] Referring additionally now to figure 2B,
therein is depicted a cross sectional view of sand control screen
assenbly 40 in its operating configuration. In the illustrated
enbodi ment, swellable material |ayer 46 has cone in contact with an
activating fluid, such as a hydrocarbon fluid, water or gas, which
has caused swel |l able naterial layer 46 to radially expand into

cont act wiwdl Idid esur fabkenf wel [More 48pewvhfthalin, t hehiel | usigldizd e
enbodi nent, is the formation face. In addition, the radial expansion
of swel | afdwe=riniler maly lwyes Amtws aiigediperhpdadgtbdibubalsmb? @fr
fluid collection subassenbly 50 to conme into contact with the surface

of wel | bage: 48 svine el idyd¥epHad beddi wrid Gl I YreFee®Ny a
assenblies of the present invention is that in addition to providing

a path f o, fQrRld1ondildi daybPoshbsci Nberoak flapdakkA4 and orher
filtering particulate materials out of the formationfluids, the sand

contr ol Sﬁé%ﬁtgarasssﬁg@ﬂlfs bl 59809&&?8&“ Wit “gg-lse%Qnggoi‘ﬂxﬂe% ion

support to formation to prevent formation coll _ npared wth
convent| Oé‘ar?xé’é‘“&%’#&rggt gl zand v%(?rr:{tfengrl ot Il 19isgusaed above,
the sand €ontTol “screen assenblies ™o he "present 1'nvention provi de
i nproved contact with the formatiqn as gr.eater radial expansian is
achi ovabl & SRPHIRE AN 1R TRk Gedart ) ST Eonpl TRRE Eic ot
that it is better able tqQ conformto a nonuni formwell bore face. ILn a
pr ef er r e3Pt BHETL | 641 AR Ss aBAETRT b © s AIRETESs el FRs GA™ t 1he
present invention provide between about 500 psi_and 2000 psi of
col | apse Whipporad t snEhedae| Ph6r 2rThess skintited | #ot hecaviamiap, 2-
recogni ze that the collapse support provided by the present invention
can be opdyylzs door2-agidanvtli cul @rdpwpieenentsatlifomitchougrsigeci fi @f, N-
design features of the base pipe, the swellable material |ayer and
t he fl ui diootledidcylsatassentlinyl] 0050k Vaidous, t edime Guekamienodigyl
used for contacting
methacrylate, acrylic acid, trimethylammoniumethyl
methacrylate chloride, dimethylaminopropylmethacrylamide,
methacrylamide and hydroxyethyl acrylate.
[0055] A variety of hydrophobically modified hydrophilic
monomers can also be utilized to form the polymers useful
in accordance with this invention. Particularly suiltable
hydrophobically modified hydrophilic monomers include, but
are not limited to, alkyl acrylates, alkyl methacrylates,
alkyl acrylamides and alkyl methacrylamides wherein the
alkyl radicals have from about 4 to about 22 carbon atoms,

alkyl dimethylammoniumethyl methacrylate bromide, alkyl

dimethylammoniumethyl methacrylate chloride and alkyl
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swel l able material |layer 46 with an appropriate activating fluid for
causing swelling of swellable material |ayer 46. For exanple, the
activating fluid may already be present in the well when sand control
screen assenbly 40 is installed in the well, in which case swell able
material |ayer 46 preferably includes a nechanismfor delaying the
swelling of swellable material |ayer 46 such as an absorption

del ayi ng or preventing coating or nenbrane, swelling del ayed nateri al
conposi t iding Wty laitdniikee thQ05 hkAhkerpahitveliydifbewnekbvat thg khuiyd
may be circulated through the well to swellable material |ayer 46

after sand GOl hs6s eeRoRS I 40 tos dmsil bed daidde dedbhs ASa
another alternative, the activating fluid may be produced into the

wel | bore Jingm tB@m&@ﬁ%&&ﬁ&%&ﬁf&Mﬁ%ﬁlﬁ%fﬁ'a'm@%%_e-chFIﬁh’.iie 1T i P'l

be appreciated that any nmethod nmay be used for causing swelling o
swel | abl ey. i 4 . BCI nbl 0.}

keepi ng Rt &:%ﬁ%?& %@?Y?ﬂ%%%@%ﬁ%ﬁ%?%@ﬁé l%@ﬁt | aa:éad;‘ alﬁlﬂﬂ
mat eri al l.ayer i s_f.orne rom r re materials at _swe

When cont St Bap Py iR LR S AR o T ARk BR! e
organic fluyid. For ex | e, _the materjal be pol yner that swells
it bl e s SEE AAE EEPDeahBth AcreVERTdn By AR ArrFon
fluid th stinmul ates the materjal to ex d. I n one enbodi nent, the
swel | abl gforpéséri al Ploiygleﬁﬁt &0 AR %ﬁéﬁ}qs %oﬂc‘é‘aﬁ‘g%f&‘fe \AX"iLFhaﬁ%‘Por
absorption of a hydrocarbon, such as an oil or a gas. The hydrocarbon
i s absor BEESSitto HHERGET abre Rt ALCRPTEGC P ha? LY il iheddY ORE

swel | abl e material increases, creating radial expansion of the
swel | abl etmarere apf Pref deaprybedhbyduebhable menen¢nd with sugl pne

until its outer surface and perforated tubulars 52 of fluid
col | ecti o subassenbdy 5CGlont describefior neydorplicriecdnlvan open fhele
conpletion or the casing wall in a

hydrophilic monomers. The polymerization reaction can be

performed in various ways that are known to those sgkilled
in the art, such as those described in United States Patent
Number 6,476,169 which is hereby incorporated by reference
for all purposes.

[0057] Suitable polymers may have estimated wmolecular
weights in the range of from about 100,000 to about
10,000,000 and preferably in the range of from about
250,000 to about 3,000,000 and may have mole ratios of the
hydrophilic monomer(s) to the hydrophobically modified
hydrophilic monomer(s) in the xange of from about
99.98:0.02 to about 90:10.

fo058] Other polymers useful in accordance with the
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cased wel | bore. The swel |l able material accordingly provides the energy

to position perforated tubulars 52 of fluid collection subassenbly 50

in contact wwth the formati on. [0053] Sone exenplary swel |l abl e

mat eri al si ncl ude el astic polyners, such as EPDM rubber, styrene

but adi ene, natural rubber, ethylene propyl ene nononer rubber,

et hyl ene propyl ene di ene nononer rubber, ethylene vinyl acetate

rubber, hydrogeni zed acrylonitrile butadi ene rubber,

acryl oni tgrdsdni adi eneenbber , | sapeendeubbetydrophobically modified
polymers, hydrophobically modified water-soluble polymers
and hydrophobically modified copolymers thereof.
Particularly suitable hydrophobically modified polymers
include, but are not limited to, hydrophcbically modified
polydimethylaminoethyl methacrylate, hydrophobically
modified polyacrylamide and hydrophobically modified
copolymers of dimethylaminoethyl methacrylate and vinyl
pyrollidone.
[0059] As another example, the swellable material may be
a salt polymer such as ©polyacrylamide or wmodified
crosslinked poly(meth)acrylate that has the tendency to
attract water from salt water through osmosis wherein water
flows from an area of low salt concentration, the formation
water, to an area of high salt concentration, the salt
polymer, across a semli permeakle membrane, the interface
between the polymer and the production fluids, that allows
water molecules to pass therethrough but prevents the
passage of dissolved salts therethrough.
[0060] Referring to figure 43A, therein is depicted a
cross sectional wview of a sand control screen assembly in

its running configuration that embodies principles of the

present invention and is genexally designated 70. Sand
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chl oroprene rubber and pol ynorbornene. These and ot her swell abl e
materials swell in contact with and by absorption of hydrocarbons so
that the swellable materials expand. In one enbodi nent, the rubber of
the swellable materials may al so have other materials dissolved in or
in mechanical m xture therewith, such as fibers of cellul ose.

Addi tional options may be rubber in nechanical mxture with polyvinyl
chloride, nethyl nethacrylate, acrylonitrile, ethylacetate or other

pol yrer s ddrafrsaxpapgedn cerkeablywi1d okl .sif30%4] | in adelshigh to sand
enbodi nent, the swellable material is a material that swells upon

contact Wddt At &fodded M gas@ridde swehd aﬂh@lmrﬁfiél b&BY Pepd 72
wat er - swel | abl e pol ynmer such as a water-swell able el astoner or water-

swel | abl ecl{ég)b@éfi%&.e érpegﬁﬁléfﬁéiYEleep%\ﬁ@ lﬂblﬁﬁ_d that includes a
perforated longitudinal section and a blank pipe
longitudinal section which is depicted in the cross section
of figure 4A. Pogitioned around base pipe 72 1ig a
swellable material layer 76. Swellable material layer 76
ig attached to base pipe 72 by bonding or other suitable
technique. Positioned around swellable material layer 76
is a fluid collection subassembly 78 that includes a
plurality of perforated tubulars 80 that are
circumferentially distributed about swellable material
layer 76 and operate substantially in the manner described
above with reference to fluid collection subassembly 50.
Disposed around both swellable material layer 76 and fluid
collection subassembly 78 is a screen element 82. Screen
element 82 is attached to swellable material layer 76, base
pipe 72 or both by bonding or other suitable technique.
Screen element 82 may ke used in conjunction with, in
addition to or as an alternatively to other filter media
such as filter medium 62 discussed above as well as the
other types of filter media discussed herein including

filter mwedia disposed external to, internal to or
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material may be a water-swell abl e hydrophobi c pol ymer or

wat er - swel | abl e hydr ophobi ¢ copol ynmer and preferably a

wat er - swel | abl e hydrophobi ¢ porous copol yner. O her pol ynmers usef ul
in accordance with the present invention can be prepared froma

vari ety of hydrophilic nmononers and hydrophobically nodified

hydr ophi |l i ¢ nononers. Exanples of particularly suitable hydrophilic
nmononer s which can be utilized include, but are not limted to,
acryl am diépwidstBedny | afm doud nebhybcpiopasebasbémipi€ agid, In certain
N, Ndi et hyl acryl am de, vinyl pyrrolidone, dinethylam noethyl

met hacr yl @b dagditld C 8ekdent rdIidnt agpoMaiebRyhafei Pagerhvat €as a
chl ori de, dinethyl am nopropyl net hacryl am de, nethacryl am de and
hydroxyetdwd ; itdey| ah§er[ QASSHA d@ighy b hydr opheiiLal byeapgdiht edy

hydr ophi Il i ¢ nononers™can also be utilized to formthe pol ynmers usef ul

nydr ophoby T v 175 g eEn e Aonanss Sr b L2 are not
limted tg,,akyl afff.ytgg;%e W@é@éﬁ@%@&@%@é; L%ggna T&glnamd%%

and al kyl ~nmet’'Hacrylam erern Ical's have Trom about
4 to about 22.carbon atons, al kyl di nmethyl anmoni unet hyl nethacryl ate
br on do. 5 kyTSTTHRt Wt i GEFFAAL Mot e r v o Ao 8 anch SR
dinethylannoniunethéh met hacr tg;e i odi de wherein the alﬁgl radi cal s
have frorieHUR% t 5%&bout® boR™&t on@AMREHI ky  © running
di met hyl ammonj um pr opyl net hacryl am de brom de, al kyl di net hyl anmoni um
pr opyl netHRATHACGOC L hPEr itFhndCRFK9E screen assembly 70. Even
di met hyl ammoni um pr opyl net hacryl am de i odi de wherein the al kyl groups
have fronthdh &creenboutenEntcaPBorhas okgsen JaOBBledPoR§ ey Wdisy
are useful in accordance with the present invention can be prepared
by pol ynefdw ngeamgntone bt abeeldf behendesetpbédblry dhopki |skd Liedoner s
with any one or nore of the described hydrophobically nodified

hydr ophi | tlee mapdonmeriet Thiehgeol grabezat iodn seaetrniten Bath bgrpetésr ngchn n
various ways that are known to those skilled in the art, such as

t hose desgiid bedeisg Unthed Stfahes Patasiudinder dhed76s46Qeib] Ch dsald
hereby i ncorporated by reference for all purposes.

alternatively be used in keeping with the principles of the
present invention.

[0062] Referring additionally now to figure 4B, therein
is depicted a cross sectional view of sand control screen
assembly 70 1in 1ts operating configuration. In the
illustrated embodiment, swellable material layer 76 has
come in contact with an activating fluid, such as a
hydrocarbon fluid, water or gas, which has caused swellable
material layer 76 to radially expand placing screen element
82 1into contact with the surface of wellbore 84. In

addition to providing support to the formation to prevent
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[ 0057] Sui t abl e pol ynmers nmay have estinmated nol ecul ar weights in the
range of from about 100,000 to about 10, 000,000 and preferably in the
range of from about 250,000 to about 3,000,000 and nay have nole

rati os of the hydrophilic nonomer(s) to the hydrophobically nodified
hydr ophilic nononer(s) in the range of from about 99.98:0.02 to about
90: 10. [0058] O her polyners useful in accordance with the polyners,
hydr ophobi cal | y nodi fi ed wat er-sol ubl e pol yners and hydrophobical ly
modi f i ed copQlioimer scéieimad, Par theel aminpSwicnal! esdwerophobheat | ¥2
nodi fied polynmers include, but are not limted to, hydrophobically
modi fi ed polydidethybamaosthylogethagbylats, phyererbeli eabliyars so
nodi fi ed pol yacryl am de and hydrophobi cally nodified copol yners of

di et hyl aogldinpdiRl hagry! at enand 4y y'r?afsygtgh'g dQugrrilA0aRk 68 s

anot her exanple, the swellable materi a
beneficial, for example, if a filter cake has previously
formed on the surface of the formation, then the stand off

will prevent damage to perforated tubulars 80 and allow

removal o©f the filter cake using acid or other reactive

substance.
[0063] Preferably, screen element 82 has the reactive
substance impregnated therein. For example, the reactive

substance may fill the wvoids in screen element 82 during
installation. Preferably, the reactive substance 1is
degradable when exposed to a subterranean well environment.
More preferably, the reactive substance degrades when
exposed to water at an elevated temperature in a well.
Most preferably, the reactive substance is provided as
described in United States Patent No. 7,036,587 which is
hereby incorporated by reference for all purposes.

[0064] In certain embodiments, the reactive substance
includes a degradable polymer. Suitable examples of
degradable polymers that may be used in accordance with the
present invention include polysaccharides such as dextran

or cellulose, chitins, chitosans, proteins, aliphatic
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a salt polymer such as pol yacryl am de or nodified crosslinked
poly(neth)acryl ate that has the tendency to attract water from salt
wat er through osnosis wherein water flows froman area of |ow salt
concentration, the formation water, to an area of high salt
concentration, the salt polynmer, across a sem perneabl e nenbrane,
the interface between the pol yner and the production fluids, that

all ows water nol ecules to pass therethrough but prevents the passage
of di ssolpeld,esmldrss t hergdhy oLt 1. d3060] Red&lry {qigydad ifdegur,e 4401y (e-
therein is depicted a cross sectional view of a sand control screen

assenbl y ddprdimdisid)g Copbigamiyon ddmt, en@@ﬂy%wéﬂ%ﬁﬁ%@s the

present invention and is generally designated 70. Sand

aliphatic polycarbonates, poly (orthoesters), poly (amino
acids), poly(ethylene oxides), and polyphosphazenes. Of
these suitable polymers, aliphatic polyesters such as

poly(lactide} or poly(lactic acid) and pclyanhydrides are
preferred.

[0065] The reactive substance may degrade 1in the
presence of a hydrated organic or inorganic comp&und solid,
which may be included in sand control screen assembly 70,
so that a source of water is avallable in the well when the
screens are installed. Alternatively, another water source
may be delivered to the reactive substance after sand
control screen assembly 70 is conveyed into the well, such
as by circulating the water source down to the well or
formation water may bhe used as the water source.

[0066] Referring to figure 5, therein is depicted a sand
control screen assembly in its running configuration that
embodies principles of the present invention and is
generally designated S0. Sand control screen assembly 20
includes base pipe 92 that defines an internal flow path
94. Base pipe 92 has a plurality of openings 96 that allow

fluid to pass to internal flow path 94 from an annular
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control screen assenbly 70 is simlar in design to sand control
screen 40 descri bed above including a base pipe 72 that defines an
internal flow path 74 and that includes a perforated |ongitudinal
section and a bl ank pipe | ongitudinal section which is depicted in
the cross section of figure 4A. Positioned around base pipe 72 is a
swel l abl e material |layer 76. Swellable material |ayer 76 is attached
to base pipe 72 by bonding or other suitable technique. Positioned
around sweldiaf esgatiestwdenh ayRize/bpiipea 94 Uiathdcoblieeti amsdibasseonbly
78 that includes a plurality of perforated tubulars 80 that are

ci rcunf er@fﬁﬂtﬁ'dn}édj'a&%h@ube%l%@ﬁubi%@e|s|e_@|E|i6n”B‘feb'a§_b anser 9%6iand
operate substantially in the manner described above with reference to
fluid coldgoti@n SwRassentl V3R Biosposedanewid Reth swel habke 102
material layer 76 and fluid collection subassenbly 78 is a sCreen

el ement 8§ I 2 | ttached | apl er. er
76, base8lf)sl p%é%&g?&bg?ﬁ%%f%boé]%%gggr B%t ﬁ%ao(r?ld?ggt a eS;{:g% nisalglgfaﬁ%
Screen el.enent. 82 may.be used in conjuncii with, in addjtion qQr
2e an al tER TRy R R 1o R L B e et Te L i 10,8
di scussed,. aboye wel | as the other types of filter nedia discussed
herein i A rE 1199 e heoriar 4 LHuse it St BPRaI APELUARE on&iEgLaFY
downstream of fluid collectiaon subassenbly 78. In certain ,
enbodi merfts, REF IR endtt B2 ey 106 ndtiaty S8 e FE AL SRAGE 1Y
| ayer or a carrier for a chemcal treatnent or_other agent, as

di scussedHistrgiedest akaw syl ghlg omagyink heayeT usP? apeg operate
enbodi ment, screen elenment 82 is forned froma plurality of

ci r cunf erafdtantsedden isegient Bapnex deertipednabariet Werhi weffgaence
runni ng configuration of sand control screen assenbly 70. Even though
screen elwnehtudd kad leetnodepidicattead liyncl @i ng Frouthsegmemss raked
shoul d be understood by those skilled in the art that other nunbers
of segnendntbdilitrergr,eat efilban aerdilwesg oBhais fpositiceddidanguadeeach
segnent, could alternatively be used in keeping with the principles
of thﬁ presenhel nyertdted 006BhiReter rigwy addriltonal hgdnow tiod | gege
4B, therein

include a wire wrap or one or more layerg of wire or fiber
mesh having wvarious drainage layers and filtration layers
as desired. This type of filter medium may be used in
place of or in addition to a filter medium such as filter
medium 62 or screen element 82 discussed above.
Alternatively or additionally, filter materials could be
placed inside of perforated tubulars 106. Such filter
materials may include single or multiple layer sintered or
unsintered mesgh, steel or ceramic ballg or beads that may
be sintered in perforated tubulars 106, prepacked or resin

coated sand, combinations of the above and the like.
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is depicted a cross sectional view of sand control screen assenbly 70
inits operating configuration. In the illustrated enbodi nent,
swellable material layer 76 has conme in contact with an activating
fluid, such as a hydrocarbon fluid, water or gas, which has caused
swel lable material layer 76 to radially expand placing screen el enent
82 into contact with the surface of wellbore 84. In addition to
provi di ng support to the formation to prevent formation collapse, in
this enbofioert, sareeBeet&f®ntend®2dpmevicdes i shand mf f deggiaiPle to
bet ween perforated tubulars 80 and wel | bore 84. The use of this

confi gur add drdiSrdignedi thdl anfioprexanpl &1dd enfdldieracakedhasntrol
previously fornmed on the surface of the formation, then the stand off

will prevenledpmagach®iper ber atgd twludans 80.apd;ahl oyieemyal Bhg
the filter cake using acCid or other reactive substance.

[ 0063] Pr ecfcg{ﬁ?g%/é? n'%ﬁ?nagggﬂﬁg‘}? t§|§| haSII{ hguéﬁagbjggaiﬁ&qéé ,an%iel“\rlalsrﬁ.e

i npregnate or exanp € reactive substance may

voids in scr I§ﬁEn i ng_i nsial ion. Preferahly,.. th .
reactivecgﬁbgﬁgﬁge |s“éé%%ggég*egﬁkgﬁgef%gééggtglgggﬁbf%}rgﬂgaEIWéﬁ
environment. More preferably, the reactive substance degrades when
exposed Tt GPEH | BREUPBUN: Bt SRSl o Ot Bl | CORpaL - Strekn
preferably, the reactive substaan is provided as described in United
States PATIRMNG. 7003587 HMATRA iéiﬂ%eﬁ@t?néﬁrporéFﬂﬂ By2PRERr efce

for all purposes. _
sliding sleeve (not pictured) may be operably associated

with base pipe 92 and openings 96. The sliding sleeve may
be disposed internally of base pipe 92 within internal flow
path 94 or may preferably be disposed externally of base
pipe 92 within annular region 98. The sliding sleeve may
have an open position wherein fluid flow through openings
96 1s allowed and a closed position wherein fluid £flow
though openings 96 1is prevented. In addition, the position
of the sliding sleeve may be infinitely variable such that
the sliding sleeve may provide a choking function. The
sliding sleeve may be operated mechanically, electrically,
hydraulically or by other suitable means.

[0068] Referring next to figure 6, therein is depicted a
sand contrel screen assembly in its running configuration
that embodies principles of the present invention and is

generally designated 120. Sand control screen assembly 120
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[0064] I n certain enbodi nents, the reactive substance includes a

degr adabl e pol yner. Sui t abl e exanpl es of degradabl e pol yners that may

be used in accordance with the present invention include

pol ysacchari des such as dextran or cellulose, chitins, chitosans,

proteins, aliphatic
includes a £fluid collection section 122, sand control
gection 124, a fluid discriminator section 126, a flow
restrictor section 128 and a fluld inlet section 130. Sand
control screen assembly 120 includes a base pipe 132 that
defines an internal flow path 134. In fluid collection
section 122 of sand control screen assembly 120 a swellable
material layer 136 is disposed around a blank pipe section
of base pipe 132 and is attached theretoc by bonding or
other suitable technique. Disposed around swellable
material laver 136 a fluid collection sgubassembly 138 that
includes a plurality of perforated tubulars 140 that are
circumferentially distributed about swellable material
layer 136 and operate substantially in the manner described
above with reference to fluid collection subassembly 50.
Sand control section 124 includes a filter medium 142 that
is illustrated as a multi-layer wire mesh filter medium
including various drainage layers and filtration layers
disposed in series.
[0069] Fluid discriminator sgection 126 1s configured in
series with sand control section 124 such that fluid must
pass through sand control section 124 prior to entering

fluid discriminator section 126. Fluid discriminator

section 126 includes an outer housing 144 that defines an
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pol yesters, pol y(l acti des), pol y(glycolides), poly(c- caprol actones),
pol y(anhydri des), poly(hydroxybutyrates), aliphatic polycarbonates,
pol y(orthoesters), poly(am no acids), poly(ethylene oxides), and

pol yphosphazenes. O these suitable polyners, aliphatic polyesters
such as poly(lactide) or poly(lactic acid) and pol yanhydri des are
preferred. [0065] The reactive substance nay degrade in the presence
of a hydrated organic or inorganic conpound solid, which may be

i ncl uded dnmsland ehabhbet Jareendssanlonpdfosetidat sectsion cef obase
water is available in the well when the screens are installed.

Al t er nat ipigley/, 18P0t herl upd e isewh GenABYr bescdeliioner etk t @1kBe irrAcidewe
subst ance after sand control screen assenbly 70 is conveyed into the

vel |, suchs@asidr ciheyl aihfg dihe Waker soyae-dawy, t grt heuweldds orsg
formati on water may be used as the water source. [0066] Referring to

figure 5,c{helfidldnt i48ALCT edRemaNHLEP0 /0! 9 8E] assemMioJikd 1S

runni ng configuration that enbodies principles of the present

acsenbl y 0 hol VHCE A pi 8D (A et ate & i St hal o S5

94. Base pipe 92 s a plurality of openings 96 that allow fluid to
pass toi%iég%%ﬂ ¢$%m/path 94 from an annul ar

{00701 One or more flow blocking members 152, depicted
as spherical members or balls are disposed within chamber
146 between retainer ring 148 and filter medium 142,
cooperate with outlets 150 to restrict the flow of any
undesired portion of the production fluids that enter fluid
discriminator section 126. For example, in the case of a
production fluid containing both ©il and water, the density
of members 152 is such that certain of the outlets 150 are
blocked by certain of the members 152 to shut off or choke
the flow of waterxr therethrough. Thus, when the production
fluid 1s mainly oil, members 152 will be positioned
relatively distant from outlets 150, for example, at the
bottom of chamber 146. When a sufficient proportion of
water 1s present in the production fluid, however, members
152 will restrict flow of the water by shutting off or
choking flow through certain ones of the outlets 150.

[0071] Flow restrictor section 128 is configured in
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regi on 98 between base pi pe 92 and outer housing 100. Positioned
around a bl ank pipe section of base pipe 92 is a swellable materi al

| ayer 102. Swell able naterial |ayer 102 is attached to base pipe 92
by bondi ng or other suitable technique. D sposed around swel | abl e
material |ayer 102 a fluid collection subassenbly 104 that includes a
plurality of perforated tubulars 106 that are circunferentially

di stributed about swellable nmaterial |ayer 102 and operate

subst ant icddied Rritdie fTRIIREIGiGRSGHibadoabeve tWohh 1bef enencenkhe fEhukd
col | ection subassenbly 104. In the illustrated enbodinment, a filter

medi um 108,45 RS tERRSEYRT BLRd) e@chcpimihe: per focal &d iﬂ@ubﬁiér 196.

Filter medium 108 nay include a wwre wap or one or nore |ayers of

wre or lfehRenAABY NEoYar oo IAIRAGS | 2481S Anddy | LGt or

Iayers as S|red This type of filter nmediummay be used in place of

in ad%et dQd O F4 fiﬁbéﬂdé’é.edar&m&&é'&%‘ 3uojf111% d%ﬁ‘agﬂf‘ bg %rulﬁ%%”

elenent scussed ove Alternatlve y rtiona

mat eri al s coyl be pl aced_inside of. perf ate t ubul ar 06.. S
filter matemr %% ﬁﬁy |ncﬂué S|§gI€€§ Flpﬂ%‘fayé? g#%tered%gpld
unsi ntered nmesh,, steel or cera I r ads .t hat, may_b S|ntered
1 bor 1 o RS SUREIGT epated GFESe PHCBbM e hargeies &
conbi nati ons of the above and the like. [0067]In certain

enbodi meRERULAT nEbamReedPPaiidh 07 s BPBPEFRIG EERI GRS prel ehRse
flow through a sand control screen assenbly of the present invention
such as SH®RE cédAirol §Eﬁ@@ﬁe§55%h%ﬂyﬂ9Ghamée§uch5@nﬁéﬁlﬁeh?@“”arﬁéﬁve
or other flow control device may be placed in the fluid flow path

bet ween tdmntaxtldiirorl™f. safdowomeitel ssutawd lassarifl yiooledeE | prer aal
flow path 94. For exanple, a sliding sleeve (not pictured) may be
oper abl y mass0ctidheldam s dasevayispel @2 Enat opeoavidgs 86reThéeiski dong,

sl eeve may be disposed internally of base pipe 92 within internal

fl ow pat mé34d o amy tyurefenablpatheagi Spaseticextiendal ky afrabaiewnitpen92
Wi thin annul ar region 98. The sliding sleeve may have an open

posi ti on fher eireddriictdrd owelchtieugh 1openiangs %6aics a-bowad aad aore
cl osed position wherein fluid fl ow though openings 96 is prevented.

In addi tiQycdiRe RRSibdomeBf EHEnSIHHd Ngnsdeeve-dmyY Pechpdi Nicheb¥gh
vari abl e such that the sliding sleeve may provide a choking function.

The sl i difng,:% eeV& MRy PR RPelAi8dTechani Cakl ¥y 4l e%ﬁbkvc%lesk‘.mtctor

hydraul ically or by other suitable neans. [ 0068] Ref erri ng next
figure 6%&4%3 nli§ Qgpkﬁkﬁgbﬁe te restrict the flow rate of the

production fluids through sand control screen assembly 120.

[0072] Once the production fluids pass through flow rate
controller 158 of flow restrictor section 128, they enter
annular chamber 162 and eventually enter the interior flow
path 134 of base pipe 132 wvia openings 164 which are
depicted in the form of slots. Once inside base pipe 132,
the productiocn fluids flow to the surface within the tubing

string.
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sand control screen assenbly in its running configuration that
enbodi es principles of the present invention and is generally

desi gnated 120. Sand control screen assenbly 120 includes a fluid
collection section 122, sand control section 124, a fluid

di scrimnator section 126, a flow restrictor section 128 and a fluid
inlet section 130. Sand control screen assenbly 120 includes a base
pi pe 132 that defines an internal flow path 134. In fluid collection
section 1p7H] sandrladnd r di sseteenaassenkicy id20 a2swdld abpberaml er iial
| ayer 136 is disposed around a bl ank pipe section of base pipe 132

and i s atdaehads t fepet ordyimeandiaig owiohhefasbisabbenteghPbgiéns of
Di sposed around swellable material layer 136 a fluid collection

subassenbf youl 38158REng NelcHBessa AN al iy Uxgsfor ahedodbuhars w40

that are circunferentially distributed about swellable material |ayer

136 and qperate subhantaghlycynabhe sEnges; desar ibed phoveavidinge

reference to fluid collection subassenbly 507 Sand control section

oot neLUER 2! LSRN MR Tl AL BLEACER 35,0 1L L g

filtrationd AYars, i spased; b sef] ey ORIIFI Ul dAQHLTLIA Sy be
designed to block multiple types of undesirable fluilds such
as water and gas in an oil preoduction operation. Also, all
of the members intended to block a certain undesired fluid
do not mnecessarily have the same density. Instead, the
members in each category could have a range of different
densities so that the members are neutrally buoyant in
different densities of production fluids.
[0074] Even though figure 6 has described a particular
embodiment of a fluid discriminator section, other types of
fluid discriminating mechanisms can be uged in association
with the sand control screen assemblies of the present
invention, such as those described in United States Patent
Number 7,185,706, and United States Application Publication
Numbers US 2008-0041580 Al, US 2008-0041581 Al, U8 2008-
0041588 Al, and US 2008-0041582 Al, each of which is hereby

incorporated by reference for all purposes. Likewise, even

though figure 6 has described a particular embodiment of a
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series with sand control section 124 such that fluid nust pass

t hrough sand control section 124 prior to entering fluid

di scrimnator section 126. Fluid discrimnator section 126 incl udes
an outer housing 144 that defines an annular chanber 146 with a
nonperforated section of base pipe 132. Fluid discrimnator section
126 al so includes retainer ring 148 that has a plurality of outlets
150 circunferentially spaced therein designed to provide a fluid

passagewat dw ofestaidesr 146ct0ohl owtIest r t¢hos SECt £ v 128st-00¥QhEene
or nore flow bl ocking menbers 152, depicted as spherical nenbers or

bal | s ar en@irspasad Wahhibe cheobanh HGletween Letal pee thid tédrapd
filter medium 142, cooperate with outlets 150 to restrict the flow of

any undesided pofddan,0fed hor PERAUGIQRAE! Ui dhah, entgm fhyi dnose
di scrim nator section 126. For exanple, in the case of a production

fuld CodANiRA DL, Ol by AU WALELe od NCpHPDAE | YouBhn EIDELS 6332159,

such that certain of the outlets are cked by certain o
reTber s, AR S dseicslofe, Ly Hew ol psetar w gl onon s
post L onest sl el o ghot ot Lhom AUl o B0y LT, oxamBlgn 26,408
present in the production fluid, however, nenbers 152 will restrict
fl ow of %&iﬁﬁseru%yzgﬁﬁfppﬁa%?f Br cProkPRG7rPBW T ht ofigh J&F t 4PR7-
ones of the outlets 150.
0246407 Al, U8 2007-0246210 Al, and US 2007-0246213 Al,
each of which is hereby incorporated by reference for all
purposes.
[0075] Referring to figure 7, therein is depicted a sand
control screen assembly in its running configuration that
embodies principles of the present invention and is
generally designated 170. Sand control screen assembly 170
includes base pipe 172 that defines an internal flow path
174. Base pipe 172 has a plurality of openings 176 that
allow fluid to enter internal flow path 174 from an annular
region 178 between base pipe 172 and outer housing 180.
Positioned arcund an unperforated portion of base pipe 172
ig a swellable material layer 182. Swaellable material
layer 182 is attached to base pipe 172 by bonding or other

sultable technique. Preferably, the thickness of swellable

material layer 182 is optimized based upon the diameter of
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[0071] Fl ow restrictor section 128 is configured in series with fluid
di scrim nator section 126 such that fluid nust pass through fluid

di scrim nator section 126 prior to entering flow restrictor section
128. Flow restrictor section 128 includes an outer housing 154 that
is suitably coupled to or integral with outer housing 144 of fluid
di scrimnator section 126. Quter housing 154 defines an annul ar
chanber 156 with a nonperforated section of base pipe 132. D sposed
wi t hin chearber cdhbros achlkeew ratsertant rovd eand58&hd-l diameter of the
controller 158 includes one or nore tubul ar passageways 160 t hat
provi de aydElrdide/e shemg, tRatr opand d:a8dridus pabBwaicfOrind® fdddwds
to travel within flow restrictor section 128 and that provide a nore

restrictiyedahtvsay ihanyhheotnr eslonitel-ed paddwesh t hpeugh fdydidapie
di scrimnator section 126. As such, flow restrictor section 128 is

oper abl e nﬁ&ce’fﬁsélr ' f&yéPelﬁbo‘é{ late @iui@ecB&QQEEEbH” sh&)'é'sg%nlbﬁﬁroﬁ%q

sand control screen assenb y 120. [0072] Once the production f

pass thralgh, og&;g?} 158.0L R%Oﬁﬁﬁ %$éactor section 128,

t hey enter annu ar C d eventua ef the interior flow

pat h 134 se pipe 2 openi ngs 64 mhl ar epi.cte in the
formof s cﬁJ%% Cncgﬂinéfde :§§%Bb|pe 1% a%%émﬁﬁﬁdug ?oanF 8? f1 6w

to the surface within_the tuping stri varlou flo |nes and
wi th var iRugE ETguP§t|OB§rE?r$F%§/ n@gﬁs 1 %a oroperate
exanpl e, nmenbers 152 may have a S|ngle den5|ty and be de5|gned to
bl ock a s?%@q%% Jﬁhc?eé‘i“"lfr&'tﬁlé 39 (fer SUdIPh SRt vigh L aHeree
oi | production operation, or may have two densities and be designed

to bl ock Rl Elpld egbeachion ridnssanely 130 ds Brrferabliat arening ages

in an oil production operation. A so, all of the nenbers intended to
bl ock a cerrdiarsundési r@mﬁfk:uhf@uu\éeﬁ@ntmeéé}gsadrﬁsvmr@dt habgae the
density. Instead, the nmenbers in each category could have a range of
di ff er entpadenisirt i @8 sentihatorthe Inerheren aneserdvly al V9 bheyanindludes
different densities of production fluids. [0074] Even though figure 6
has descrdvwed sblpar thatketal layer 182. Disposed around the
perforated portion of base pipe 172 and within annular
region 178 is a filter medium 188. Filter medium 188 may
comprise any suitable mechanical screening element or
elements and is depicted as a multi-layer wire oxr £fiber
mesh screen designed to allow fluid flow therethrough but
prevent the flow of particulate materials of a
predetermined size from passing therethrough.
[0077] Fluid collection subassembly 184 of sand control
screen assembly 170 alsco includes instrumentation and

communication systems that allow information relating to

the adjacent formation to be obtained and transmitted to
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enbodi nent of a fluid discrimnator section, other types of fluid

di scrim nating nechani snms can be used in association with the sand
control screen assenblies of the present invention, such as those
described in United States Patent Nunber 7,185,706, and United States
Application Publication Nunbers US 2008-0041580 Al, US 2008-0041581
Al, US 2008- 0041588 Al, and US 2008-0041582 Al, each of which is
hereby incorporated by reference for all purposes. Likew se, even

though figy esGrhasedesgdted ialngr tigul@alenbode nerd absarefil oW aAs
restrictor section, other types of flow restricting nmechani sns can be

used in assAE@AEMRE WM bhet RE saRd GRMIRtSer e @ssenbbiceshaf then
present invention, such as those described in United States Patent

Nurbers 5, 803, bt wi&185n 4d e c Or 88Le $38ac 828991 40 6cndc 03Rc288es one
7,096, 945, "and 7,191,833, and United ates” Application Publication

Nambers o5, 2800 Quscty A rpd 2006003300 e Nany UBn20RE 3240897 A
US 2007- 0246210 Al° and 'US 2007- 0246215 Al " each of which i's hereby
incorporagoeldlot%y.nr ef gLpase g) r saelnl. rurpoﬁ?l%lugigrq?S] Reécsesrurlieng ste%sfoir%ure
7, therein s dépi ctéd 3 sAnd control’ screan asgeﬂ%¥y I 1 ts T Unning
configuration that enbodies princiglﬁs gf.thgﬁprezgnt inventionfﬁnd
i s gener atFPHE HTat BH99DS  SEAGZEENEFEF L8 cAE& Sad Se BTy 450 ow
i ncl udes base pipe 172 that defines an_internal flow path 174. Base
pi pe 172 MHSLEE pl UrH i t PO PENTs £26% hat™3d19-ow AGSt STOTENEEF -
internal flow path 174 froman annul ar region 178 between base pi pe
172 and GRS Holidin§erser spdaint iHEF BReRAd Wak olin Ot ERAL e T SPOFE SN
of base pipe 172 is a swellable material |ayer 182. Swellable
mat eri al $enmmrsL8rdighdt tseaised st erhasy Fitherl B2nsprbdhditngeosuseler
suitabl e technique. Preferably, the thickness of swellable materi al
| ayer 182 lwldppraperdy basedrhpshcshe pdirameter ofownhole. As used
herein, the term sensor shall include any of these sensors
as well as any other types of sensors that are used in
downhole environments and the equivalents to these sensors.
For example, a fiber optic distributed temperature sensor
192 1is depicted as being wrapped around one of the
perforated tubular 186. The sensors may include or be
associated with a microprocessor to allow manipulation and
interpretation of the sensor data and for processing
instructions. Likewise, the sensors may be coupled to a
memory which provides for storing information for later
batch processing or batch transmission, 1f desired.

Importantly, this combination of components provides for

localized control and operation ot other downhole

40



sand control screen assenbly 170 and the dianeter of the well bore
such that upon expansion, as described above, substantially uniform
contact between both swellable material layer 182 and a fluid
col l ection subassenbly 184 with the surface of the wellbore is

achi eved.

[ 0076] Fl uid col | ecti on subassenbly 184 includes a plurality

of perforated tubulars 186 that operate substantially in a manner as
descri bed above with reference to fluid collection subassenbly 50.

Pr ef er abl ygompetdrmrsaatacd-i w21 sadt8G tasre whicuniar end |08 dot iditsdar iWduted
about the portion of sand control screen assenbly 170 that includes
swel | abl ea na1 &% i abntayer dd82ce P spesed tyr @erd dehepesdieratad parddien
of base pipe 172 and within annular region 178 is a filter nedium

188. Fi | t@gwimshidinadBfdRy £DODFASE RN, B taRh A MREhay) Calns YHRINMY
el enent or elenents and is depicted as a nulti-layer wire or fiber

mesh scregh deslgned §0gald 00 Tddidhdd awmd hetat rough, byt prevent; fhe

flow of particulate naterials of a predeterm ned size from passing

ther et hroé@@r%ﬁ%/&%%] Flaid &gl | e%%%ﬁ@t?ﬁ?aséﬁg{,?{i‘o&%ﬁn iand. contf ol

SsCreen asse

also 1 ncludes Instrinen ron a conmmuni cati on

systens t{gﬁeﬁgéé§NééHﬂﬁfgﬁqun relating to

foo78] Even though the sand control screen assemblies of
the present have been described as having a fluid
collection assembly that channels fluids into a £luid
collecting annular chamber or manifold prior to entry into
the internal flow path of the base pipe, those skilled in
the art will recognize that other types of fluid collection
techniques c¢ould alternatively be used. For example, as
best seen in figure 8A, a sand control screen assembly in
its running configuration that embodies principles of the
present Invention and is generally designated 200 is
depicted. Sand contrcol screen assembly 200 includes base
pipe 202 that defines an internal flow path 204. Base pipe
202 has a plurality of openings 206. Positioned around
base pipe 202 is a swellable material layer 208. Swellable
material layer 208 is attached to base pipe 202 by bonding
or other suitable technique. Sand contreol screen assembly

200 includes a fluid collection subassembly that is
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the adjacent formation to be obtained and transmtted to the surface
substantially in real tinme as desired.As illustrated, one of the
perforated tubular 186 has been replaced with an el ectronics package
190 that includes one or nore sensors. The sensors nay be any one or
nore of the follow ng types of sensors, including pressure sensors,
tenperature sensors, piezoelectric acoustic sensors, flow neters for
determning flow rate, acceleroneters, resistivity sensors for

det er m nidig-NadfRir<a@itaent, \alseeibytsansersundei ghie19aBser s mateaiyl
ot her sensor that nmeasures a fluid property or physical paraneter
downhol e.1 A usedshesiel Bnet Nert @RS ENSOE: S dal NGbudeiaAy And hese
sensors as well as any other types of sensors that are used in
downhol & ShyIdQTeRL S LNt ey AANT YAl @RS SLephAESS BANRO! EvpEOiEluia

exanpl e, er optic ut'ed tenperature Sensor 192 1's depicted

as being janned, gpound ong. ol {he, Arforat et bUBHLAL 1800nThee e

sensors nmay | nc e or e associated wt a m croprocessor to al 'ow

mani pul ation and jnter tation af the sensor_data,and rocessi ng
"ot Pucti o Frlff €625P Srlhdling 1, PRBPAr CRERRRE” AL BAO5EE T
provides for storing informati.on for |ater batch processing or,_batch
bransm ST Y& BRELTRSIPPaners, { REOXABRBrnat CERTEF E8TBonant s
provi des faor |ocalized control and operation of other downhol e

conponentSU¥HET aBeBRCBHCPdat of S whi c-FRRAIRES akebRi A'&d Wreth &XCraRs

control device, a safety device or other actuatable downhol e device.
Al t er nat i Xa&d3pldiy addivErodal | Erathe tednder daealrEy Bé2di ghrarph an
encoded and sent to the surface using electrical, optical, acoustic,
el ect r onmpwating om otwellaklenmparsrialchiiypres208 and opening 206 of

base pipe 202. Fluid inlets 210 include a filter medium
that ig disposed within tubular member 212, discharge tube
216 or both. The filter medium may be single or multiple
layer sintered or unsintered mesh, steel or ceramic balls
or beads that may be sintered, prepacked or resin coated
sand, combinations of the above and the like.

[0079] In a manner similar to that described above, sand
control screen assembly 200 is run downhole with swellable
material layer 208 in its unexpanded configuration. Upon
contact with the activation fluid, such as a hydrocarbon
fluid, water or gas as described herein, swellable material
layer 208 is radially expanded, as best seen in figure 8B,
such that the outer surface of swellable material layer 208

and tubular members 212 of fluid inlets 210 contact the
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[ 0078] Even t hough the sand control screen assenblies of the present
have been described as having a fluid collection assenbly that
channels fluids into a fluid collecting annul ar chanber or nmanifold
prior to entry into the internal flow path of the base pipe, those
skilled in the art will recognize that other types of fluid

coll ection techniques could alternatively be used. For exanple, as
best seen in figure 8A, a sand control screen assenbly in its running
conf i gur atuftadehabt fenticdi epepr idiepl eslbbotde imesentas nykown ON wiah
is generally designated 200 is depicted. Sand control screen assenbly
200 i ncl udesl leasie: pnpee2021t hatyettef2o@s ian tadermal Ekpunpadih 204id
Base pi pe 202 has a plurality of openings 206. Positioned around base

pi pe 202 il sVl d able pRbeal @, bayRardDP. shietkablie ratErdtain-hawer
208 is attached to base pipe 202 by bondi ng or other suitable

t echni queuapeand Coﬂﬁrth§€i§§nt@5§?69hﬁlggoshﬁﬁbgge§oat%%wf%rmation
col l ection subassenbly that is circunferéentially distributed around

swel | abl g p@féw!ré’ﬂt' &a&o?i‘f%% ah§ € EQHQh%;U‘Eh@aEnLc?&atdg‘l%s

and is de ed as a p ur a Ity o escopl pi ston t

inlets 2 I st4-at.e od| of the fI nlet
210 incllj}%ang@ogf{agﬁu{mg s lé% 2%% haV|ﬁﬁﬁh p?g?aﬁ: %%? %ratlons
214. Proxi.mat e nter ft nmber 2 |s a di s harg
{ube 216>ﬂi b eShat ﬁwg AR AT E R euarE TeRbuFaShay 00

t hrough an em é%lrls | | abl e naterlal 208 and ,openi ng 206 of
base plpé3 i n ?%Cﬁl@aFﬁélJH@TafP¥W?EF°ﬂe£¥Hﬁ atoj §nter
di sposed wi thin tubul ar menber 212 di scharge tube 216 or both. The
filter nedtinTfdy Hevs Paghe 264 Riil PREEePIBSef0%i ntered or unsi ntered
mesh, steel or ceramc balls or beads that may be sintered, prepacked
or resin EURMEd sadyerncdisivedt i s #ind heonbvok aﬁﬁe?ﬁeaﬁﬁﬁégly 200
[0079] In a manner simlar to that described above, sand control
screen assentibeer?(lde ihed mmmmmﬁmmnm% 21t doraled ayerch208
in its unexpanded configuration. Upon contact with the activation
fluid, suttermms afhydrorar bahokkuiski Matder inr thes ast destlhi bheddyerieien,
swel lable material |ayer 208 is radially expanded, as best seen in
figure 8Bhasichothat t i d eriswedacenakiswel |aler nagrapas | ayeng
208 and tubul ar nenbers 212 of fluid inlets 210 contact the

alternatively be used and would be considered within the
gscope of the present invention. For example, as best seen
in figure 9A, a sand controcl screen assembly 220 that
includes base pipe 222 and swellable material layer 224 has
a plurality of telescoping piston type fluid inlets 226
formed in the shape of an “L”. Specifically, fluid inlets
226 include a tubular member 228 having a plurality of
perforations that are covered by a suitable filter medium
230 and a discharge tube 232 that extends radially inwardly

from tubular member 228 through an opening in swellable
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surface of the open hole wellbore 218. As shown, when swell abl e
material |ayer 208 is radially expanded, fluid inlets 210 are
radially outwardly shifted in a piston-like manner. In addition to
provi di ng support to the formation to prevent formation coll apse and
pl acing the entry points for formations fluids in contact with the
formation, in this enbodinment, fluid inlets 210 provide a plurality
of substantially direct paths for formation fluids to enter internal
fl ow pat mat4-iefl basgepi pe2202and 0GHAEweN thBaugbft heasangigent nob .
screen assenbly 200 has been described as having fluid inlets 210

formed i ntherishapesdfpast Tseeh Noser skt edri Nat Ranar teotickbi1r geearhze
that other fluid inlets having other shapes could alternatively be

used and ywud g1k eapsi deged Mdhhigrst NBascoRE R bhe PLS$envellable

i nvention. For éxanple, as best seen in figure 9A, a sand control

A 122 t i,ncl b ' i
screen a ayef%g249%%$? 2@2013g?f§ E?Q%%Fggggzgfaﬂgléﬁﬁbﬁﬁg epﬁﬁﬁfa

mat eri al s a plur pl ng piston type

i nl f d..i f "l L fluid in
oLt PAE BT WhechoPs,el nedd . sspetiLically, (44 inbets

226 incl ude nber _ n “plurality per tions

252 that BROTIETA a Py RhEPa FRSmAHUS: A 228 RFGugfi ban

Openingiﬂ%&?&glgbkﬁurality of perforations that are covered by a
suitable filter medium 250 and a pair of discharge tubes
252 that extend radially inwardly from tubular member 248
through openings in swellable material layer 244 and a pair
of opening 254 of base pipe 242. Further, as best seen in
figure 9C, a sand control screen assembly 260 that includes
base pipe 262 and swellable material layer 264 has a
plurality of telescoping piston type fluid inlets 266
formed in the shape of an “M”. Specifically, fluid inlets
266 include a tubular member 268 having a plurality of
perforations that are covered by a pair of suitable filter
media 270 and three discharge tubes 272 that extends
radially inwardly from tubular member 268 through openings
in swellable material layer 264 and openings 274 of base
pipe 262. Accordingly, it can be seen that fluid inlets

that provide one or more direct paths for formation fluids

to enter an intexrnal flow path of a base pipe can take many
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material |ayer 224 and opening 234 of base pipe 222. Likew se, as
best seen in figure 9B, a sand control screen assenbly 240 that

i ncl udes base pipe 242 and swell able material |ayer 244 has a
plurality of tel escoping piston type fluid inlets 246 fornmed in the
shape of a "U'. Specifically, fluid inlets 246 include a tubul ar
menber 248 having a plurality of perforations that are covered by a
suitable filter nmedium 250 and a pair of discharge tubes 252 that
extend rathaldy onwebdEyghramibubyl aachedzerwiZish t 4reugbnenasiags tion
swel l abl e material |ayer 244 and a pair of opening 254 of base pipe

242. Furtieryi @siPedle el Bif k@dr 8r8fent saneheomir ol screen
assenbly 260 that includes base pipe 262 and swellable material |ayer

264 has arqydiral i t ¥R t@h@é Hp'tﬁﬂe Psshan dome-dil usdribohetg:2hPiies
formed in the shape of an Specifically, fluid inlets 266 include

a tubul ar, gpbep 1268, havi ag ;2 ?&f’é Al Oéeg%h%&‘“ QNS L DAl a8y g

cover ed by d pair  of SU|tabIe ter nmedia and ree di scharge
t ubes 272 t-hat nds |nma dI ron1tubu| er 268

t hrough opelne?tnggt)i} n swe qu1 Wéarrléll 1_Yayer o6 & pls opem ngs STETS
base plpe 262. Acc . can_be seen.t hat f|UId i nl t ha
provi de o rf%f]g{ %/fl pa{:lﬂg fSFgf oF"’FrElli oft SFPgRgEe totgﬁf%er oé'%‘er
i nt ernal f|OM/path of a base pi pe can take many shapes

conf i gur ASTHETUETCh™BY iPE cHiSE% EBnsTEFRY o SFé <Rt hf%‘”cqlne i8dGhe

of the present inventjon. [0081] Even though the sand control screen
assenbl i eridp, vold bapcopsddrace pEshideddid bedPRe AAVIERg Mrgisent
inlets that radially outward shift in a piston-like manner, those
skill ed i¥nventign. wildr reseoglicze ashdtestt veent dehifiigques m,b@ weod
toradially extend fluid inlets which would be considered within the
scope of adreyrleserteam\esrstaninly RB0 evtariplisiclasialse $tasse eripien 2Bi2g amel
10A, a sand control screen assenbly 280 that includes base pipe 282
and swel |sakdle amteer natet sykr 1284rhasss hhsr @l i pyurdlitexobl &€ lfdxiid e
inlets 286 fornmed in the shape of an "L" in the running

confi guratigi Fhokedsi ed s F3ghetincinidena tasugdear offerdyer “288 havichg a
plurality of perforations 290 and a di scharge tube 292 that extends

radi al l'y jyward] Yedd oigdadiulad . mepbelq 28814050088 apcepaai g t'dibular
swel | abl e material |ayer 284 and openi ng 294 of base pi pe 282.

filter f t CAIS Wit N
tubularnﬁgﬂgg%pZ%%B ﬁ?§€%§fg§ %ﬁ%g%§g§§br ?@r@b ﬁﬁlg%? 286 also

I SR R e Tt L P
materi al %e.l.rar 8I"rflenllbse:racztfj 8vai.:[hrdug%s at%lescgpesn%.%% Ilr]]fl fsl,v%{flab]le ‘material
layer 284 and opening 294 of base pipe 282. A filter
medium of a type discussed above may be disposed within
tubular member 288, discharge tube 292 or both. Fluid
inlets 286 also include a palir flexible Joints 296, 298
which enhance the ability of tubular member 288 to contact
the wellbore 300 when swellable material layer 284 is

activated, as best seen in figure 10B.
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[ 0082] Referring next to figure 11, therein is depicted a sand control
screen assenbly in its running configuration that enbodi es principles
of the present invention and is generally designated 310. Sand
control screen assenbly 310 includes base pipe 312 that defines an
internal flow path 314. Base pipe 312 has a plurality of openings
316. Positioned around base pipe 312 is a swellable material |ayer
318. Swellable material layer 318 is attached to base pipe 312 by

bondi ng ofpgdier suidRbhrentecRpitque; Saned-conit oknhseeegn;iassRphky 310
includes a fluid collection subassenbly that is circunferentially

di stri butedsa{ounshsnel | bl &ldndl1y ayers 18- @i i0Re I flffation
| ongi tudinal locations and is depicted as a plurality of tel'escoping

pi ston ty | i g t ‘ t i S enmhd] . h . qf
Phe. f1u il b afaltef Braran st oful ShY s s5s v g 18
plurality_of r-foratj.ons , 324...Rroxigmate a nt.er. point _of h
Pubutar ransaPs A G 8 2B O S B e Eell asaTirpy 310
inwardly fromfubul ar nmember 2 . through. .an opening, in swel.lable
o o] AR S "BTEE 0P Leh s MGser i tes 6 isetf pEL8,Bats
Fluid inlets 320_include a filter medium.that /is di%posed W t hin
tubul ar mefber 3B35e(iRBRr gd2 uBBS32% S WEHREYTheL i PR IESI deray
be any of the filter nedia discussed herein including a single or
nul ti pl e HBdr1 g% efEauUBY RSNt RIRRY Fe<h, 18t el SBRlERP LR @b&rESlor
beads that may be sintered, prepacked or resin coated sand,

conbi nat ilB¥eOf 3Lhe abdvelhwele haatekéal] 0Fa3 Eashs f lig deteied2go

al so includes a fluid flow control device 328 that is disposed within
dischargéxﬁabgﬁpe 312 by bonding or other suitable technique. Sand

control screen assembly 310 includes a fluid collection
subassembly that is circumferentially distributed around
swellable material layer 318 at one or more longitudinal
locations and is depicted as a plurality of telescoping
piston type fluid inlets 320. In the 1illustrated
embodiment, each of the £fluid inlets 320 including a
tubular member 322 having a plurality of perforations 324.
Proximate a center point of each tubular member 322 is a
discharge tube 326 that extends radially inwardly from
tubular member 322 through an opening in swellable material
layer 318 and one of the openings 316 of base pipe 312.
Fluid inlets 320 include a filter medium that is disposed
within tubular member 322, discharge tube 326 or both. The

filter medium may be any of the filter media discussed
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326. Dependi ng upon the desired operation, fluid flow control device
328 may take a variety of fornms.For exanple, it may be desirable to
tenporarily prevent fluid flow through fluid inlets 320. In this
case, fluid flow control device 328 nay be a dissol vabl e, renovabl e
or shearable plug forned fromsand, salt, wax, alum num zinc or the
li ke or may be a pressure activated device such as burst disk. As
anot her exanple, it may be desirable to prevent fluid loss into the
f or mat i orhethgiimngihefihdpnessur eiageeatamwnsul i plaallayersaatincenséd olor
screen assenbly 310 in which case, fluid flow control device 328 nmay

be a one-wayintareRl afiesh Cheekevabye.cdramdcf WdlNey exapph@s khatBynalge
desirable to control the rate of production into sand control screen

assenbl y lOsi R ¥high paepackbli bif | A¥E GONEEAL cdeViagR), 32&nIBdhAE R
i nflow control device such as a nozzle, a flow tube, an orifice or

ot her fl Q¢ rest r k@l oAS tyet 1apat her exanple, it may be desirable to
control the type of fluid entering sand control screen assenbly 310

I n which caseyy 1 uid bl oy contig e@e‘éF%e 2328 MBYcREsds PLOGYEE 5O o

control device such as a valve that closes responsive to contact wth

an undesiged fhuide such.gs waLer ; Sush.valves ey, be sactuated by.a
swel | abl e ateri al i ncl udi ng 0s€ di Scussed above; ‘organi c Frbers,

an oSO lG Eel | BhoblSidd Kipd:COBELROLSIIIDS B8k ak 9ol UERLE 10
control device 328 may take a wvariety of forms. For
example, it may be desirable to temporaxily prevent fluid
flow through fluid inlets 320. In this case, fluid flow
control device 328 may be a dissolvable, removable or
shearable plug formed from sand, salt, wax, aluminum, =zinc
or the like or may be a pressure activated device such as
burst disk. As another example, it may be desirable to
prevent fluid loss into the formation during high pressure
operations intermnal to sand control screen assembly 310 in
which case, fluid flow control device 328 may be a one-way
valve or a check valve. In a further example, it may be
desirable to control the rate of production into sand
control screen assembly 310 in which case, fluid flow
control device 328 may be an inflow control device such asg

a nozzle, a flow tube, an orifice or other flow restrictor.

As vyet another example, it may be desirable to control the
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a sand control screen assenbly in its running configuration that
enbodi es principles of the present invention and is generally

desi gnated 330. Sand control screen assenbly 330 includes base pipe
332 and an inner sleeve 334 that defines an internal flow path 336.
Base pipe 332 has a plurality of openings 338. Positioned around base
pipe 332 is a swellable nmaterial |ayer 340. Swell able material |ayer
340 is attached to base pipe 332 by bonding or other suitable

t echni quecyBangf cohtit &l esteebng assedbbynB8301i Bekuvdrsaaséhbld 310 in
col | ection subassenbly that is circunferentially distributed around

swel | abl eqmirer icsd ayer1 340 atiane hure lgergictudbnal hagat bensa
and is depicted as a plurality of telescoping piston type fluid

inl ets 342.odukdiftf i kbHst-hat edepiBodidiRiH . gach Ofaihe fﬂﬂatd icnlglks
342 including a tubular member 344 having a plurality of

perforati A6, Pr exi &ﬁctpe% f, PQy Nt achy tuby 44
is a discharge ta%e 348 at exten s ra %ﬁgef%mardr %rbn1tu uIa%
menber 3 ou M3 ne
of the oévgan%ér%s %ﬁ g‘;sgg%a{ap %m%l&%%}%ﬁhgeatswfg i nc ﬁ%‘ Wdal
filter medi hat di sposed within tubul ar 344, dlscha e
{ube 348 BIEIEHAD P FEoARe LM b8 Ry 6T FaRETF | FOr CREREAC

di scussed eln |nclu ing a single or nultlple | ayer sintered or

unsi nt er € r ceram c balls or beads that may be

sintered, ﬁ%ﬁPaCKEd or resin coated sand, conbinations of the above
and the I [008§H§e§56§€dIﬁ%¥Mééh %%&%“%|b%r39§eéﬁﬂnsFéeF@P3§Eeﬁs
a pair of fluid flow control devices 350, 352.As described above,
dependi ngt (RsH] t RNl rear s rard R LY 110 diY gwregmgr slonddguges 1950,
352 may take a variety of forms including in any combination of
di ssol vabileit rembevdbée orishentabl efpl tlys, paelanst idivintipronsnday s
val ve, a check valve, a nozzle, a flow tube, an orifice or other flow
restri ct generaldlw eldsiginatleds 88 or.espamsi werttorodortcaekenwalsizeably 330
undesired fluid and the like. In certain enbodinents, sleeve 334 is
renovabl eidyl ueechaiistalpige dA@maal areanmaesucldeat ke toper dleifaneef
fluid flow control devices 350, 352 can be disabled if desired.
an internal flow path 336. Base pilpe 332 has a plurality
cf openings 338. Positioned around base pipe 332 is a
swellable material layer 340. Swellable material layer 340
is attached to base pipe 332 by bonding or other suitable
technique. Sand control screen assembly 330 includes a
fluid collection subassembly that is circumferentially
distributed around swellable material layer 340 at one or
more longitudinal locations and is depicted as a plurality
of telescoping piston type fluid dinlets 342. In the
illustrated embodiment, each o©of the fluid inlets 342

including a tubular member 344 having a plurality of
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[ 0086] Referring to figure 13A, therein is depicted a sand control
screen assenbly in its running configuration that enbodi es principles
of the present invention and is generally designated 360. Sand
control screen assenbly 360 includes base pipe 362, as best seen in
figure 14A, that defines an internal flow path 364. Base pipe 362 has
a plurality of openings 366 that allow fluid to pass between the
exterior of base pipe 362 and internal flow path 364. Positioned
around bagserflunes 13612 i326a SVviddsalnat enat erdraded pramt3aE S [tatdd ar
material |ayer 368 is attached to base pipe 362 by bondi ng or other
sui t abl e deaur qaies Sweld abl ecnatesi alubkayrrs 36Bathasx@cpbnr alddiylak,
openings 370 that allows fluid produced through screen sections 372
to enter il Erew Paibulbd. malheen $861 IO BBY SSedtigedn
froma variety of filter media as discussed herein and are

i 1T ust ratgel1asayiniG &-iRhunaljdy 0fy layeiholbMidie pdnibels MBehor
i ncludi ng drainage |layers andfiltration layers as well as a

per f or at t h d PR a h hi 0 bl :
naterialqggﬁgrﬁg%% ?ggdptiﬁfégg Egggﬁguéé? tqgﬁ'lane%e?wgkggan dium
control sqreen assenbly. 60, and, t beodi apehenof uehl bore B1essuchy,
t hat uponexpansi on," as expfalned aBove, suBg anfrall y anitorm
contact hetween po S | abLe materigl |ayer 368 and creen _,
Cect ons Sh G BOkRe oot i eharr R H5Y 18 4 cvEa has Hacer
seen in figures 13B and 14B.,§PQ81JIn,additiqn to providing.a path
for fOHﬂﬂqqﬁ? discussed herein including a single or multiple layer

sintered or unsintered mesh, steel or ceramic balls or
beads that may be sintered, prepacked or resin coated sand,

combinations of the above and the like.

[0085] Disposed between base pipe 332 and sleeve 334 is
a pair of £fluid flow control devices 350, 352. As
described above, depending wupon the desired operation,

fluid flow control devices 350, 352 may take a variety of
forms including in any combination of dissolvable,
removable or shearable plugs, a burst disk, a one-way
valve, a check wvalve, a nozzle, a flow tube, an orifice or
other flow restrictor, a wvalve that closes responsive to
contact with an undesired fluid and the like. In certain
embodiments, sleeve 334 1is removable by mechanical or
chemical means such that the operation of fluid flow

control devices 350, 352 can be disabled if desired.
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fluids to enter internal flow path, sand control screen assenbly 360
provi des support to formation to prevent formation coll apse.
Specifically, the shape and configuration of screen sections 372
makes the outer surface of sand control screen assenbly 360
particularly conpliant which inproves the contact between sand
control screen assenbly 360 and the formation upon radi al expansion
of swellable material |ayer 368. [0088] Referring to figure 15A,
therein i DB ct eGeFesandgcord r i gageearBmssenblyinn it sdephdidl) a
configuration that enbodies principles of the present invention and
i's generaldng deshegral €dc380n 2RGnEARt il seEeennasngmion A8Riration
includes a base pipe 382 that defines an internal flow path 384 and a

plurality.10fc opepbAYSs g@mhablégl Q¥ fEubdhecRass DRIMRERD hend is
exterior of base pipe 382 and internal flow path 384. D sposed around

base pi pf%es élsﬂ.gﬂ dddi at@éld'Blé? 3883ar@s ddred$hr & E%nnerlsﬁr bl disym

388 i ncl ter perfora shrou out er ge

| ayers thﬁcl S Bl &l §£¥8 %%‘érsleas"["' f,E'E%QeW tﬁ 2 {4 éaghﬁn ALE

di sposed et ween h aTre I'ne nesh. 0Si |ohe
around base KDe 382.1 abl e eri er 390.

mter al ToyRSSee drke ffaéﬁ%oavf?ﬁ Seda u?#%%% ByPBoringiss @
ot her suitabl e technjque. il trated, I naterla

390 i nol (RS- ii%r .?@F%n%n%ésss’éwha Yot GhRLC) [ BuRREEe Ry
around 360 degrees of base pipe 382. In this configuration, smellable

mat eri al R ePXBIOL P 09f d@@SPs@Ilé’ﬁ P2 G et RESTRF bURHOHUPRERI 864 -

sections of filter nedium 388 upon activation of swel|able materi al
| ayer 39Fosidtisuwd setaun@ fiager eP1B®, 3@F chs plaaceseshpplapmaterial
material layer 390 in contact with the formation. In this
confi gur atayey, Bh8.useSetlbpakbker sagerdobherlaysyl | PGS déw cabtaphed to
conjunction with one or nore sand control screen assenblies 380 may
be reducdshsx ¢lipe natad. by 0088]dAid e drhi sthavenduDelhlas eshnique.
descri bed with
Swellable material layer 368 has a plurality of openings
370 that allows fluid produced through screen sections 372
to enter internal £flow path 364. Screen gections 372 may
be formed from a wvariety of filter media as discussed
herein and are illustrated as having a plurality of layers
of wire or fiber mesgh including drainage . layers and
filtration layers as well as a perforated outer shroud.
Preferably, the thickness of swellable material layer 368
is optimized based upon the diameter of sand control screen
assembly 360 and the diameter of wellbore 374 such that

upon expansion, as explained above, substantially uniform

contact between both swellable material layer 368 and
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reference to illustrative enbodi nents, this description is not

I ntended to be construed in a limting sense. Various nodifications
and conbinations of the illustrative enbodi nents as well as other
enbodi ments of the invention, will be apparent to persons skilled in

the art upon reference to the description. It is, therefore,
t hat the appended cl ai ns enconpass any such nodi fications or

i nt ended

enbodi nents. Wiat is clained is: 1. Asandcontrol screen
assenbl y sopsyaabl yeposons onall ewintit hichea svetfdoer epft heelddnadecoht4 olis
screen assenbly conpri sing: a base pipe having at |east one
openi ng idvia esicdbwalsd beett keant har eofuand amsiaierngd. fl ow pat h;

[0087] In addition to providing a path for formation

fluids to enter internal flow path, sand control

assembly 360 provides support to formation to

screen

prevent

formation collapse. Specifically, the shape and

configuration of screen sections 372 makes the

outexr

surface of sand control screen assembly 360 particularly

compliant which improves the contact between sand control

screen assembly 360 and the formation upon radial expansion

of swellable material layer 368.

[0088] Referring to figure 15A, therein is depicted a

sand control screen assembly in its running configuration

that embodies principles of the present invention and is

generally designated 380. Sand control screen assembly 380

includes a base pipe 382 that defines an internal flow path

384 and a plurality of openings 386 that allow fluid to

pass between the exterior of base plpe 382 and internal

flow path 384. Disposed around base pipe 382 is a filter

medium 388. As illustrated, filter medium 388 includes an

outer perforated shroud, outer and inner drainage layers

that have a relative course wire mesh with a filtration

layer disposed therebetween having a relatively fine mesh.
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a swellable material |ayer disposed exteriorly of at |east a portion
of the base pipe; a fluid collection subassenbly di sposed
exteriorly of the swellable material layer and in fluid comunication
with the internal flow path via the opening; and a drai nage

| ayer di sposed exteriorly of the fluid collection subassenbly and the
swel | abl e material |ayer; wherein, in response to contact with
an activating fluid, radial expansion of the swellable material |ayer
causes atrpdeiastorsedoatoandofoadie piped 382l | et izonssubaskseabimatand alhe
drai nage | ayer to be displaced toward a surface of the well bore.

2. The sang,&ontpol screeniassenilateasanecidyrd: i pogl aign dcvhered ncbhe

swel l able material |ayer is disposed exteriorly of a blank pipe

section ofithe- basei BhPSs8 by bonding or other suitable technique.
As illustrated, swellable material layer 390 1includes a
plurality of bands 392 that extend circumferentially around
360 degrees of base pipe 382. In this configuration,
swellable material layer 390 provides isolation completely
around multiple sections of filter wmedium 388 upon
activation of swellable material layer 390, as best seen in
figure 15B, which places swellable material layer 390 in
contact with the formation. In this configuration, the use
of packers or other sealing devices in conjunction with one
or more sand control screen assemblies 380 may be reduced
or eliminated.
[0089] While this invention has been described with
reference to illustrative embodiments, this description is
not intended to be construed in a limiting sense. Various
modifications and combinations of the illustrative
embodiments as well as other embodiments of the invention,
will be apparent to persons skilled in the art upon
reference to the description. It is, therefore, intended

that the appended claims encompass any such modifications

or embodiments.
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3. The sand control screen assenbly as recited in claim1l wherein the
fluid collection subassenbly further conprises a plurality of
circunferentially distributed perforated tubulars. 4. The sand
control screen assenbly as recited in claim1 further conprising a
filter medium operably associated with the sand control screen
assenbly and disposed in a fluid path between the exterior of the
sand control screen assenbly and the internal flow path. 5.
The sand wieit ried Serieed dssenbly as recited in claim4 wherein the
filter mediumis disposed internal to the fluid collection
subassenbly. 1. A sand control screen assembly operably
positionable within a wellbore, the sand control screen
assembly comprising:

a base pipe having at least one opening in a sidewall
portion thereof and an internal flow path;

a swellable material layer disposed exteriorly of at
least a portion of the base pipe;

a fluid collection subassembly disposed exteriorly of
the swellable material layer and in fluid communication
with the internal flow path via the opening; and

a drainage layer disposed extericrly of the fluid
collection subassembly and the swellable material layer;

wherein, in response to contact with an activating
fluid, radial expansion of the swellable material layer
causes at least a portion of the fluid collection

subassembly and the drainage layer to be displaced toward a

surface of the wellbore.

2. The sand control screen assembly as recited in

claim 1 wherein the swellable material layer is disposed

exteriorly of a blank pipe section of the base pipe.
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G The sand control screen assenbly as recited in claim4 wherein the
filter mediumis disposed dowmnstreamof the fluid collection
subassenbly. 7.The sand control screen assenbly as recited in claim1l
wherein the activating fluid is at | east one of a hydrocarbon fl uid,
wat er and gas. 8. The sand control screen assenbly as
recited in claim1l wherein, in response to contact with the
activating fluid, radial expansion of the swellable material |ayer

causes at |easy. a poidieanal dherdnai faged ayssehblgontaActetEed in
wel | bore.
claim 1 wherein the fluid collection subassembly further

comprises a plurality of circumferentially distributed

perforated tubulars.

4, The sand control screen assembly as recited in
claim 1 further comprising a filter medium operably
associated with the sand control screen assembly and
disposed 1n a fluid path between the exterior of the sand

control screen asgsembly and the internal flow path.

5. The sand control screen assembly as recited in
claim 4 wherein the filter medium is disposed internal to

the fluid cecllection subassembly.

6. The sand control screen assembly as recited in
claim 4 wherein the filter medium is disposed downstream of

the fluid collection subassembly.
7. The sand control gcreen assembly asg recited in

claim 1 wherein the activating fluid is at least one of a

hydrocarbon fluid, water and gas.
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9. The sand control screen assenbly as recited in claim8 wherein the
drai nage | ayer provides a stand off region between the fluid

col l ecti on subassenbly and the wel | bore. 10. The sand contro
screen assenbly as recited in claim1l wherein the drainage |ayer
further conprises a plurality of circunferential drainage |ayer
segnents. 11. The sand control screen assenbly as recited in
claim1l wherein an additive is carried within the drai nage | ayer.

12. The sand contr dhescsaed assetbly @srdeci bedemblel aism #dcivhed eiin
the additive further conprises a reactive substance. 13. The

sand contdilinscr egiemsisenbly Asgetd ab idbridaitnwiknheleigktdiR@ting
additive further conprises a degradable polyner selected fromthe

group consisitd,Ngrafi Rl Vsasatwirdless dexd r aie10ahhWl Offre il i NSyer
chitosans, proteins,aliphaticpolyesters, poly(lactides),
causes at least a portion of the drainage layer to contact

the wellbore.

9. The sand control screen assembly as recited in
¢laim 8 wherein the drainage layer provides a stand off
region between the fluid c¢ollection subassembly and the

wellbore.

10. The sand control screen assembly as recited in
claim 1 wherein the drainage layer further comprises a

plurality of circumferential drainage layer segments.

11. The sand control screen assembly as recited in
claim 1 wherein an additive 1s carried within the drainage

layer.
12. The sand control screen assembly as recited in

claim 11 wherein the additive further comprises a reactive

substance.
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pol y(glycolides), poly(e-caprolactones), poly(anhydrides),

pol y(hydr oxybut yrates), al i phati cpol ycarbonates, poly(orthoesters),
pol y(am no aci ds), poly(ethylene oxides) and pol yphosphazenes.

14. The sand control screen assenbly as recited in claim 11l wherein
the additive is selected fromthe group

consi stingofaliphaticpol yesters, pol y(lactides), poly(lactic acids)
and pol y(anhydri des). 15. A nethod of installing a sand

screenAssamy ysand a calchbor escddn nebBedbTonpld Stégited in
claim 11 wherein the additive further <comprises a
degradable polymer selected from the group consisting of

polysaccharides, dextran, cellulose, chitins, chitosans,

proteins, aliphatic polyesters, poly(lactides},
poly{glycolides), poly({e-caprolactones), poly(anhydrides),
poly (hydroxybutyrates), aliphatic polycarbonates,
poly(orthoesters), poly(amino acids), poly{ethylene oxides)

and polyphosphazenes.

14. The sand control screen assembly as recited i1n
claim 11 wherein the additive is selected from the group
congisting of aliphatic polyesters, poly(lactides},

poly(lactic acids) and poly({anhydrides).
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runni ng the sand control screen assenbly to a target |ocation within
the wel | bore, the sand control screen assenbly having a base pipe, a
swel l able material |ayer disposed exteriorly of at |east a portion of
a base pipe, a fluid collection subassenbly di sposed exteriorly of
the swell able material |ayer and a drai nage |ayer disposed exteriorly
of the fluid collection subassenbly and the swellable material |ayer;
contacting the swellable material layer with an activating fluid,

radi al | y expandi.nga heeswnelll abf e iradterlildng ayer shAdr esRoNSE t @creen
contact with the activating fluid; and di splacing at |east a

portion Qfsdda@if uindacqlhesbiren sHbassenbd yoans-idwendglr ai nage | ayer

toward a surface of the wellbore in response to the radial expansion

of the swellablgRierdal LAYET control sclBenTNEBHNGHA @S LeGiabgdri N
claim 15 wherein radially expanding the swellable matérial |ayer~in

response fo%a}%‘l%%ackvi it tﬂﬁea%{eY?BBPQ, T %‘%@'a:é’%ﬁ&‘erco‘}%]% Sgs.%reen

contacting the swellable materia ayer w east one o
hydrooar%&ﬂm&ﬁﬂkg’hﬁgigé %pdbggé';pipe, a swellable material layexr

disposed exteriorly of at least a portion of a base pipe, a
fluid collection subassembly disposed exteriorly of the
swellable material layer and a drainage layer disposed
exteriorly of the fluid collection subassembly and the
swellable material layer;

contacting the swellable material layer with an
activating fluid;

radially expanding the swellable material layer in
response to contact with the activating fluid; and

displacing at least a portion of the fluid collection
subassembly and the drainage layer toward a surface of the
wellbore 1in response to the radial expansion of the

swellable material layer.
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17. The method as recited in claim15 wherein displacing at |east a
portion of the fluid collection subassenbly and the drai nage | ayer
toward a surface of the wellbore in response to the radi al expansion
of the swellable material |layer further conprises placing at |east a
portion of the drainage |layer in contact with the wellbore in
response to the radi al expansion of the swellable material |ayer.

18. The nmethod as recited in claim17 wherein placing at | east a

portion of thedraimege dea¥Ryd | lmLontaeitad t hid hecvwgihborg funhkherin
conprises establishing a stand off region between the fluid

col I ecti gniupassenlanhangd: the weldiaite materlal :!L%Eye-'fh%nr@re@%@né%

recited in claim15 wherei'n displacing the drainage layer toward

surface qf, t heweldbope fn Eﬁip%r&scqvfa%ﬁg E?g%?a AXAANY OB AL 0B s

smellable Traterial | ayer fur er conpris cing a pluralfity o

C|rcunferent|akzq§€ q$%e dfegngggg L 3 C%h%ni f%§e%% sEN8ne

wel | bor e as reci aim

conpri si ng. carr ad |n t e dr ai nage | ayer. 21.
The nethd qﬁﬁ?#ﬁﬁfﬁo gh 23a ereth ¥ rying an additive within
t he dralnage | ayer further conprises carrying a reactive substance
within the drai nage | ayer

17. The method as recited in c¢laim 15 wherein
displacing at 1least a portion of the £fluid collection
subassembly and the drainage layer toward a surface of the
wellbore 1n response to the radial expansion of the
swellable material layer further comprises placing at least
a portion of the drainage layer in contact with the
wellbore in response to the radial expansion of the

swellable material layer.

18. The method as recited in c¢laim 17 wherein placing
at least a portion of the drainage layer in contact with
the wellbore further comprises establishing a stand off
region between the £fluid collection subassembly and the

wellbore.
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22. The nethod as recited in claim20 wherein carrying an additive

wi thin the drainage |ayer further conprises carrying an additive

sel ected fromthe group

consi stingofaliphaticpol yesters, pol y(lactides), poly(lactic acids)
and pol y(anhydrides) within the drainage | ayer. 23. The
method as recited in claim20 wherein carrying an additive within the
drai nage | ayer further conprises carrying a degradabl e pol yner

sel ected fromihe gheup neansicst iy ofediabacthar tUesn dextr amerein
cellul ose, chitins, chitosans, proteins, aliphatic polyesters,

pol y(I actdideslachelgy ( gh¥cohi-8esd g@ol e apbahaat O8eSdurface of the
pol y(anhydri des), pol y(hydroxybutyrates), aliphatic
wellbore in response to the radial expansion of the
swellable material layer further comprises displacing a

plurality of circumferential drainage layer segments toward

the surface of the wellbore.

20. The method as recited in c¢laim 15 further

comprising carrying an additive within the drainage layer.

21. The methoed as recited in claim 20 wherein
carrying an additive within the drainage layer further
comprises carrying a reactive substance within the drainage

layer.

22. The method as recited in claim 20 wherein
carrying an additive within the drainage layer further
comprises carrying an additive selected from the group
consisting of aliphatic polyesters, poly (lactides),
poly(lactic acids) and poly(anhydrides) within the drainage

layer.
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pol ycar bonat es, pol y(orthoesters), poly(am no acids), poly(ethylene
oxi des) and pol yphosphazenes within the drai nage | ayer.

23. The method as recited 1n <c¢laim 20 wherein
carrying an additive within the drainage layer further
comprises carrying a degradable polymer selected from the
group consisting of polysaccharides, dextran, cellulose,
chiting, chitosans, proteins, aliphatic polyesters,
poly(lactides), poly(glycolides), poly(e-caprolactones),
poly (anhydrides}, poly (hydreoexybutyrates), aliphatic
polycarbonates, poly (orthoesters), pely (amino acids),
poly(ethylene oxides) and polyphosphazenes within the

drainage layer.
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