SAND CONTROL SCREEN ASSEMBLY AND METHOD FOR USE OF SAMVE

CROSS- REFERENCE TO RELATED APPLI CATIONS [0001] This is a divisional
application of Singaporean Application No.: 201101358-8, entitled
Sand Control Screen Assenbly and Method for Use of Sanme. TECHNI CAL
FI ELD OF THE | NVENTI ON [ 0002] Thi si nventionrel ates, i ngeneral ,to

SAND CONTROL SCREEN ASSEMBLY AND METHOD FOR USE OF SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This is a divisional application of Singaporean
Application No.: 201101358-8, entitled Sand Control Screen

Assembly and Method for Use of Same.

TECHNICAL FIELD OF THE INVENTION

[0002] 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 layer
that is operable to radially expand downhole in response to

contact with an activating fluid.



controlling the production of particulate materials froma
subterranean formation and, in particular, to a sand control screen
assenbly having a swellable material |ayer that is operable to

radi ally expand downhol e in response to contact with an activating
fluid. BACKGROUND OF THE | NVENTI ON [ 0003]Wthout limting the scope
of the present invention, its background is described wth reference

to the production of hydrocarbons through a well bore traversing an

unconsol i dat ed or Ioosel¢@%Hﬁﬁﬁﬂ@ﬁhﬂﬁﬁﬂgﬁhﬁﬁﬂﬁﬁﬁlggs an exanpl e.

[0004] 1t is well known in the subterranean wel l
[0003] Without 1limiting the scope o©of the present
invention, its background is described with reference to
the production of hydrocarbons through a wellbore
traversing an unconsolidated or loosely consolidated
formation, as an example.
[0004] 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 orx
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 clog 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 processing equipment at the surface.
[0005] One method for preventing the production of such

particulate materials is gravel packing the well adjacent

the unconsolidated or 1loosely consolidated production



drilling and conpletion art that particulate materials such as sand
may be produced during the production of hydrocarbons froma well
traversi ng an unconsolidated or | oosely consolidated subterranean
formati on. Nunerous problens may occur as a result of the production
of such particulate materials. For exanple, the particulate nmaterials
cause abrasive wear to conponents within the well, such as tubing,
flow control devices and safety devices. _In addltlon the particul ate
materi al sSHERF i al VY Gr FuPkgRL] SFARd WBRFK o RIS 1ORe nRedaSt
an expensive workover. Also, if the particulate materials are
produced 3B IRl sEErEER, IReylonaehe LpERDVERE f rshiREehy BRocar Bk
fluids by processing equi pnent at the surface. [0005] One nethod for
prevent i refing pricduct | mesdftisnchpparimabeat ehemt @@$ared | rpdnation
packi ng the well adjacent the unconsolidated or | oosely consolidated
product i amtemtadrval 21 Alaifdypiloakygiacehdpagkacdipueti carraesamtd a
control screen is lowered into the wellbore on a work string to a
posi ti on gaxXidmierd headesialed puodueki graveler vad . thAehil gputhpeldurdown
including a liquid carrier and a particulate material, such as
gravel, ithd heprpuritedndovand henwer khst ridlgl andniinte trhemeal lbeadnus
formed between the sand control screen and the perforated well casing

or open hale Eé@@uﬁbheﬂolo@%re[eQ.o%idTh@qé'ﬁékﬂof@t‘iéde&e@ltQ%rsﬁq 0\&
into the formation, returns to the surface by flow ng through t

sand contg rlqﬁﬁ§g%fyad@yggn lLa.gi ther case, the gravel is dep05|ted
ar ound th sand control screen to forn1a gravel pack which is highly

per neabl er 6@& he fl.ow of ltjéigggcar% fl Ui dg%%é bI thelltljlgw oC

the particul at'e carried e hy rocarbon T ds. such gravel

packs Caformatlon 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 <f 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.

[0007] It has been found, however, that a complete
gravel pack of the desired production interval is difficult
to achileve particularly in extended or deviated wellbores
including wellbores having 1long, horizontal production
intervals. These incomplete packs are commonly a result of

the 1liguid carrier entering a permeable portion of the



successfully prevent the problens associated with the production of

particulate materials fromthe formation. [0007]1t has been found,

however, that a conplete gravel pack of the desired production

interval is difficult to achieve particularly in extended or deviated

wel | bores including wellbores having |ong, horizontal production

I nterval s. These inconplete packs are comonly a result of the liquid

carrier entering a perneable portion of the production interval

causi ng tRRECHIAAT t dNEERYAL at EHHAF ofRfa FEHE br it@gethydFrte and

annul us. Thereafter, the sand bridge prevents the slurry fromflow ng

to the refmhder send Rerigasul U8 GhecRnoud wsur n, Theesrfter t hghe sand

pl acenment of sufficient gravel in the remainder of the production

I nt erval .of 0008 preeddis iWw dluthas Heen flowida Kat teaveinainder of
the annulus which, 1n turn, prevents the placement of
sufficient gravel in the remainder of the production
interval.
[0008] In addition, i1t has been found that gravel
packing is not feasible in certain open hole completions.
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 1in 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 is the radial support they provide to the formation
which helps prevent formation collapse. It has been found,
however, that conventional expandable sgand control screens
do not contact the wall of the wellbore along their entire
length as the wellbore profile is not uniform. More

specifically, due to the process of drilling the wellbore

and heterogeneity of the downhole strata, washouts or other



packing is not feasible in certain open hole conpletions. Attenpts
have been made to use expandabl e netal sand control screens in such
open hol e conpl etions. These expandabl e netal 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 nmetal formng techniques. In addition to filtering
particul ate materials out of the formation fluids, one benefit of

t hese expdiFPHE i@ ScoMAIBIONdeT eSS YLs (e Chaditgisudbppdit  tafeifain
provide to the formation which hel ps prevent formation collapse. It
has been Yasi@aidongovigvidrin t hiag U@Mfgm“eohavi@ﬁpéﬁaa@re ddameg tesnt tdlan
screens do not contact the wall of the wellbore along their entire

| engt h asttheer wetddmr erphefviing iromotixmiar nerdbs esspetdhs cal IThusdue
to the process of drilling the wellbore and heterogeneity of the
downhol e v&tarat ahewaskpahdableot detd igarggullar stiresnsonamsl exgeculed,
which result in certain |ocations within the well bore having |arger
di anmet er srdiltan efrfier cakceaedor bh&wieBf NeRHeCl EXpPARdalEYOSSsH/RTt i rol
Thus, when the expandabl e sand control screens are expanded, voids

are creatfd-heidesi thige expaogabhe §288sCORt kAt $£N188RFaANGHIER has
irregular areas of the well bore, which has resulted in inconplete

contact hetmeend he, expadbdable. sasd-£0nt hatwaeheens andahbepie! Ihere.
In addition, with certain conventional expandabl e sand control

screens, dhe v eadad Gannegll opsear Goghopapandap) e Jih Sl ealns A
very conplex profile, at |least a portion of which does not contact
t he wellborqf.Further when fpnventloggl exp%?dable(§9nd cont rol

cercaln onve 1 OTlel [S] anda 5] contr SGQreensg the
screens are expan%e%, the Tadi arre reng?h o] he expandea Screéns’i’s

drastically re ed resulting inlittle, if a radial , support to
Chobor oHOTE B0 6P HRE b BPE. |4 o0t ae T oot dar b SR s o
Screen assenbhé?that prevents the groduction of particulate materials
froma wel§TY HERMR Y&y BB L hydlr ots7 Bon@ bBaFF g sGbt #frgRe&es not
formati on w thout the need_for perform ng a gravel packing operation.

A need h&PHIaE arit§en fBelsberca sand FRgHPRSlr scyleR assEHmnEomsl

interventionlessly provides radial support to the formation w thout
t he need exXpandable sand control screens are expanded, the radial

strength of the expanded screens 1is drastically reduced

resulting in 1little, 41f any, radial support to the
borehole.
[0009] Therefore, a need has arisen for a sand control

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



for expanding metal tubulars. Further, a need has arisen for such a
sand control screen assenbly that is suitable for operation in |ong,
hori zontal , open hole conpletions. SUMVARY OF THE | NVENTI ON

[ 0010] The present invention disclosed herein conprises a sand control
screen assenbly that prevents the production of particulate nmaterials
froma well that traverses a hydrocarbon bearing subterranean
formati on or operates as an_injection well. The sand control screen
assenbl y T t fepppdiedt mehybntibrlagn: evddntiios . r esuneedi hRGUB RSN
need for perform ng a gravel packing operation. In addition, the sand
control streeauabsenbigndf coherpt esemeeinnvemandiy ntkatvensi enlidgsdlly
provi des radial support to the formation w thout the need for

expandi ngfaret@le tathiwnaris. 1Bogt heprithetsdndoganthale soredretdssenbl y
of the present invention is suitable for operation in open hole
conpletions in long, horizontal production intervals. [0011]In one
aspect, the present invention is directed



to a sand control screen assenbly that is operable to be positioned
within a well bore. The sand control screen assenbly includes a base
pi pe having at | east one opening in a sidewall portion thereof and an
internal flow path. A swellable material |ayer 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 communication with the internal flow path via the
opening. A filter medium i SUHHRRXLPY ABEQENYENHIQNth t he sand control
screen assenbly and is disposed in a fluid path between the exterior
of the saHPidnt r olThecreessessehbvynbhant Héschpeedahefiedw amprijses
response to contact wwth an activating fluid, such as a hydrocarbon
fluid, watesarahdgas;ol asliederexgpaarsikoly ofhathepsavedrdtabltEiergimrduwltion

| ayer causes at |east a portion of the fluid collection subassenbly
to be di i agedttiewdntdea satéatalef fienwel | keleé abHapr efeiadtsed na
close proximty to or contact wwth the well bore. [0012]In one

enbodi mertiydridiener] | Bbheinmt eubakri-ayesni FadheRased ext epkest¥sofasa
bl ank pi pe section of the base pipe. In another enbodi ment, the

swel | abl exretefdal idywRI11 .S ditsdasath e | e ferd RAIHENJt F the
section of the base pipe. In certain enbodinents, the fluid

col | ecti i auhasserRlM i C I8 Pl idaeafe Gliftidenent ildy for
di stributed perforated tubulars. I'n such enbodi nent, fluid di scharged

¢ th . i e
entori ng THE i LEhat P og gatic bt FortEtehi nerbo, PRa Pl o the
collection s bass§gbhy may. i ncl ude a Eluragit of fluid.nlets such
as tel escoPichg TSRS niSEESS | 88FBIRY I uP i%?%tép%ﬁﬁF%ﬁmeﬁqwa§ +on

13]1n on i men he fil.ter i i i
[0013] f%é%éﬂg%¥1on égsf§<%rovfa%sl¥g§fg? g%ﬁ%o%%oﬁf§ithe 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.

[0011] In one aspect, the present invention is directed
to a sand control screen assembly that 1s operable to be
positioned within a wellbore. The s=sand control screen
agssembly includes a base pipe having at least one opening
in a sidewall portion thereof and an internal flow path. &
swellable material layer 1s disposed exteriorly of at least
a portion of the base pipe. A £fluid collection subassembly
ig disposed exteriorly of the sgwellable material layer and

ig in £luid communication with the internal flow path via



external to the fluid collection subassenbly. |In another enbodi nent,
the filter mediumis disposed internal to the fluid collection
subassenbly. In a further enbodinent, the filter mediumis di sposed
downstream of the fluid collection subassenbly. The filter nmedi um may
be a single |layer nesh screen, a nultiple |ayer mesh screen, a wire
wr apped screen, a prepack screen, a ceramc screen, a fluid porous,
particul ate resistant sintered wire nmesh screen, a fluid porous,
particul atke reBeRinmt diRf fiishter Hoedidn wis e ORESAbAY T @SROSAatRE [MWikd
In certain enbodi nents, a screen el enent may be di sposed external to
the fl ui dclool st imn@;ﬂamﬁﬂry sy swel liabldd spatsed dn leayfdmuid
[ 0014] I n anot her aspect, the present invention is directed to a sand
control seoatgden lagsednl vy thkat exseoperabbf tiohde gposit icamedali t karean
wel | bore. The sand control screen assenbly includes a base pipe

havi ng a pesdnsiat ednslecthan, ivcdtwak Filpsy seathon anth anrdgpetdwml to
flow path. A swellable naterial |ayer is disposed exteriorly of the
bl ank pi peorsecdd onieh the hasevatpeg Alfdid,d gebhecld oa Yoy
i s disposed exteriorly of the swellable material layer and is in

fluid conpupi gat bQReW tdhd hgaknt e @l 1l | e%pRALhon Add | ERE mlq@m%
di sposed exteriorly of the perforated section of the base pipe.

response e CON gk uit hoan, a0t iat gLl W dpdiadial gxpansl orfl%f id

t he swel | e naterl | ayer causes at | east portion of the flu

col I ecti Oé'l fi‘g)&sl %bél}ba{sosé?n%lq) S?PA aﬁggddigﬁé\ﬂgeé §8{7£§&ea0fsugrtﬁg_ce of

wel | bor e.

the wellbore and preferably in close proximity to or
contact with the wellbore.

[0012] In one embodiment, the swellable material layer
is disposed exteriorly of a blank pipe section of the base
pipe. In another embodiment, the swellable material layer
ig disposed exteriorly of a perforated section of the base
pipe. In certain embodiments, the fluid collection
subassembly includes a plurality of circumferentially
distributed perforated tubulars. In such embodiment, £fluid
discharged from the perforated tubulars may be received in
a chamber prior to entering the internal f£low path. In
other embodiments, the fluid collection subassembly may
include a plurality of £f£luid inlets such as telescoping
fluid inlets, flexible fluid inlets and the like.

[0013] In one embodiment, the filter medium is disposed



[0015] I n a further aspect, the present invention is directed to

met hod of installing a sand control screen assenbly in a wellbore.
The met hod i ncludes running the sand control screen assenbly to a
target location within the well bore, the sand control screen assenbly
having a fluid collection subassenbly di sposed exteriorly of a
swel l able material |ayer that is disposed exteriorly of at |east a
portion of a base agpe contacting the swellable material |ayer with

an acti va¥TRrHalui a8 dAluie G TheSeRRT FAM & nat &R Anqtdyrer
in response to contact with the activating fluid and di spl aci ng at

| east a pIRRIBGINGITE t hiehe | Gildtesl megiivan Subdbeepdty iowerdad §Sar ftdce
of the wellbore in response to the radial expansion of the swellable
mat eri al fhyiet .c¢l0GEB]ian yetbearsmidly -aspecta  furet e smritod imegrit,i orhe s
directed to a downhole tool that is operably positionable within a
wel | bor e. filhe=xdownbdiemt odls | ndi sesed t downatreemberothavihg arfluid
internal flow path. A swellable material layer is disposed exteriorly
of at | easdllaequoirdr asuldsddiblt.ubuties FEDDEr . Ae8EGROMal,Sbai Spasietdle

exteriorly of the

layer mesh screen, a multiple layer mesh screen, a wire
wrapped screen, a prepack screen, a ceramic screen, a fluid
porous, particulate resistant sintered wire mesh screen, a
fluid porous, particulate resistant diffusion bonded wire
mesh screen or the like. In certain embodiments, a screen
element may be disposed external to the fluid collection
subascembly and the swellable material layer.

[0014] In another aspect, the present invention is
directed to a sand control screen assembly that is operable
to be positioned within a wellbore. The sand control
screen assembly includes a base pipe having a perforated
section, a blank pipe section and an internal flow path. A
swellable material layer i1s disposed exteriorly of the
blank pipe section o©of the base pipe. A fluid collection
subagssembly is disposed exteriorly of the swellable
material layer and is in fluid communication with the

internal flow path. A filter medium is disposed exteriorly

of the perforated section of the base pipe. In response to



swel l able material layer. In response to contact with an activating
fluid, radial expansion of the swellable material |ayer causes the

sensor to be displaced toward a surface of the well bore and

preferably in close proximty to or contact with the wellbore. BRIEF
DESCRI PTI ON OF THE DRAW NGS [ 0017] For a nore conpl ete under standi ng
of the features and advantages of the present invention, reference is

now made to the detail ed description of the invention al ong

with the

acconpany§PREEGgurElh | AnwRcEE vedings fondichg rafierlal expans kel dPEf &hent
figures refer to corresponding parts and in which: [0018]Figure A is
a schematéwelildhiss rmationiaof Lawer| causes at least a portion of the

fluid collection subassembly to be displaced toward a

surface of the wellbore.

[0015] In a further aspect, the present invention is

directed to method of i1nstalling a sand control

sCcreen

assembly 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

fluid collection subassembly disposed exteriorly of a

swellable material layer that is disposed exteriorly of at

least a portion of a base plpe, 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 toward a surface of the

wellbore in response to the radial expansion of the
gwellable material laver.
[0016] In yet another aspect, the present invention is

directed to a downhole tool that is operably positionable

within a wellbore. The downhole tool includes a tubular

member having an internal flow path. A swellable material

layer is disposed exteriorly of at least a portion of the

10



systemoperating a plurality of sand control screen assenblies in
their running configuration according to an enbodi nent of the present
invention; [0019]Figure 1B is a schematic illustration of a well
systemoperating a plurality of sand control screen assenblies in
their operating configuration according to an enbodi nent of the
present invention; [0020] Figure 2A is a cross sectional view taken
along line 2A-2A of a sand control screen assenbly of figure [Ain a
runni ng comrRpn abpBheiccor 8i MEEeranienségrresd @<l Priesent the

invention; [0021]Figure 2B is a cross sectional view taken al ong
gwellable material layer. In resgponse to contact with an

activating fluid, radial expansion of the swellable
material layer causes the sensor to be displaced toward a
surface of the wellbore and preferably in close proximity

to or contact with the wellbore.

11



line 2B-2B of a sand control screen assenbly of figure 1B in an
operating configuration according to an enbodi nent of the present

I nvention; [0022]Figure 3 is a side view partially in quarter
section of a sand control screen assenbly according to an enbodi nment
of the present invention; [0023]Figure 4A is a cross sectional view
of a sand control screen assenbly in a running configuration

according to an enbodi nent of the present invention;
BRIEF DESCRIPTION OF THE DRAWINGS

[0017] For a more complete understanding of the features
and advantages of the present invention, reference ig now
made to the detalled description of the invention along
with the accompanying figures 1in which corresponding
numerals in the different figures refer to corresponding
parts and in which:

[0018] Figure 1A is a schematic illustration of a well
system operating a plurality of sand control screen
assemblies in their running configuration according to an
embodiment of the present invention;

[0019] 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
embodiment of the present invention;

[0020] Figure 2A is a cross sectional view taken along
line 2A-2A of a sand control screen assembly of figqure 1A
in a running configuration according to an embodiment of
the pregent invention;

[0021] 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;

12



[0024] Figure 4B is a cross sectional view of a sand control screen
assenbly in an operating configuration according to an enbodi nent of
the present invention; [0025]Figure 5is a side view partially in

quarter

section of a sand control screen assenbly according to an

enbodi ment of the present invention; [0026]Figure 6 is a side view
partially in quarter section and partially in half section of a sand

cont r ol

screen assenbly according to an enbodi nent of the present

i nvent i onf0022] Figure 3 is a side view partially in quarter

section of a sand control screen assembly according to an
embodiment of the present invention;

[0023] Figure 4A is a cross sectional wview of a sand
control screen assembly in a running coniiguration
according to an embodiment of the present invention;

[0024] Figure 4B is a cross sectional view of a sand
control screen assembly in an operating configuration
according to an embodiment of the present invention;

[0025] Figure 5 1is a side view partially in quarter
section of a sand control screen assembly according to an
embodiment of the present invention;

[0026] Figure 6 is a side view partially in quarter
gection and partially in half section of a sand control
gscreen assembly according to an embodiment of the present
invention;

[0027] Figure 7 1is a side view partially in quarter
section of a sand control screen assembly according to an
embodiment of the present invention;

[0028] Figure 8A is a cross sectional wview of a sand
control screen assembly in a running configuration
according to an embodiment of the present invention;

[0029] Figure 8B 1s a cross sectional wview of a sand

13



[0027]Figure 7 is a side view partially in quarter section of a sand
control screen assenbly according to an enbodi nent of the present

I nvention; [0028] Figure 8A is a cross sectional view of a sand
control screen assenbly in a running configuration according to an
enbodi ment of the present invention; [0029]Figure 8B is a cross
sectional view of a sand

control screen assembly in an operating configuration
according to an embodiment of the present invention;

[0030] Figure 95A is a cross sectiocnal wview of a sand
control screen assembly according to an embodiment of the
present invention;

[0031] Figure 9B is a cross sectional view of a sand
control screen assembhly according to an embodiment of the
present invention;

[0032] Figure 9C 1s a cross sectional view of a sand
control screen assembly according to an embodiment of the
present invention;

[0033] Figure 10A is a cross sectional view of a sand
control screen assembly 1n a running configuration
according to an embodiment of the present invention;

[0034] Figure 10B is a c¢ross sectional view of a sand
control screen assembly in an operating configuration
according to an embodiment of the present invention;

[0035] Figure 11 1is a cross sectional wview of a sgand
control screen assembly according to an embodiment of the
present invention;

[0036] Figure 12 1s a <¢ross sectional view of a sand
control screen assembly according to an embodiment of the

present invention;
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control screen assenbly in an operating configuration according to an
enbodi nent of the present invention; [0030]Figure 9Ais a cross
sectional view of a sand control screen assenbly according to an
enbodi ment of the present invention; [0031]Figure 9B is a cross
sectional view of a sand control screen assenbly according to an
enbodi nent of the present invention; [0032]Figure 9Cis a cross

sectional view of a sand
[0037] Figure 13A 1s a side wview of a sand control

gscreen assembly in a running configuration according to an
embodiment of the present invention;

[0038] Figure 13B is a side view of a sand control
screen assembly 1in an operating configuration according to
an embodiment of the present invention;

[0039] Figure 14A is a crosgss sectional view taken along
line 14A-14A of a sand coﬁtrol screen assembly of figure
13A in a running configuration according to an embodiment
of the present invention;

[0040] Figure 14B is a cross sectional view taken along
line 14B-14B of a sand control screen assembly of figure
13B in an operating configuration according to an
embodiment of the present invention;

[0041] Figure 15A is a quarter sectional view of a sand
control screen assembly in a running configuration
according to an embodiment of the present invention;

[0042] Figure 15B is a gquarter sectional wview of a sand
control screen assembly in an operating configuration

according to an embodiment of the present invention.
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control

screen assenbly according to an enbodi ment of the present

i nvention; [0033]Figure 10Ais a cross sectional view of a sand

cont r ol

screen assenbly in a running configuration according to an

enbodi ment of the present invention; [0034]Figure 10Bis a cross
sectional view of a sand control screen assenbly in an operating
configuration according to an enbodi nent of the present invention;
[0035] Figure 11 is a cross sectional view of a sand

DETAILED DESCRIPTION OF THE INVENTION

[0043] While the making and using of various embodiments
of the present invention are discussed in defail 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 illustrative of
specific ways to make and use the invention, and do not
delimit the scope of the present invention.

[0044] Referring initially to figure 1A, therein is
depicted a well system including a plurality of sand
control screen assemblies embodying principles of 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 vertical section 14, the
upper portion of which has insgstalled therein a casing
string 16 that 1s cemented within wellbore 12. Wellbore 12
also has a substantially horizontal section 18 that extends
through a hydrocarbon bearing subterranean formation 20.
As i1llustrated, substantially horizontal section 18 of
wellbore 12 is open hole.

[0045] Positioned within wellbore 12 and extending from

16



control screen assenbly according to an enbodi nent of the present

i nvention; [0036] Figure 12 is a cross sectional view of a sand
control screen assenbly according to an enbodi nent of the present

i nvention; [0037]Figure 13Ais a side view of a sand control screen
assenbly in a running configuration 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 f£from
formation 20 to the surface. Positioned within tubing
string 22 is a plurality of sand control screen assemblies
24. The sand control screen assemblies 24 are shown in a
running or unextended configuration.

[0046] Referring also to figure 1B, therein is depicted
the well system of figure 1A with sand contrcl screen
asgemblies 24 in their operating or radially expanded
configuration. As explained in greater detail below, each
of the depicted sand contreol screen assemblies 24 has a
base pipe, a fluid collection subassembly, a filter medium
and a swellable material layer. In general, the swellable
material layer is disposed exteriorly around the
circumference of a blank pipe section of the base pipe and
the fluid collection subasgembly is disposed eXteriorly of
the swellable material layver. The filter medium may be
disposed externally of the fluld ceollection subasgembly,
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 £luid,

such as a hydrocarbon fluid, water or a gas, the swellable
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[0038] Figure 13B is a side view of a sand control screen assenbly in
an operating configuration according to an enbodi nrent of the present
I nvention; [0039]Figure 14A is a cross sectional view taken al ong
| i ne 14A- 14A of a sand control screen assenbly of figure 13Ain a
runni ng configuration according to an enbodi nent of the present
I nvention; [0040] Figure 14B is a cross sectional view taken al ong
| ine 14B-14B of a sand control screen assenbly of figure 1313 in an
oper at i ngnafsfiadur aeven afcorcdichy #andn @iodilneAcreent RegREslent 24
i nvention;

radially expands which in turn causes the fluid collection

subassembly o©f each sand control screen assemblies 24 to
contact the surface of wellbore 12.

[0047] Even though figures 1A-1B, depict tubing string
22 as 1including 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 isolation
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 inorganic or organic fluid. Some
exemplary fluids that may cause the zonal isolation devices
to swell and isclate include water, gas and hydrocarbons.
[0048] In addition, even though figures 1A-1B depict the
sand control screen assemblies of the present invention in
a horizontal section of the wellbore, it should be
understood by those gkilled 1in the art that the gand
control screen assemblies of the present invention are

equally well suited £for use 1in deviated or vertical
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[0041] Figure 15A is a quarter sectional view of a sand control screen
assenbly in a running configuration according to an enbodi nent of the
present invention; [0042]Figure 15B is a quarter sectional view of a
sand control screen assenbly in an operating configuration according
to an enbodi ment of the present invention. DETAILED DESCRI PTI ON OF
THE | NVENTI ON

wellbores. Accordingly, it should be understood by those
skilled 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
corresponding figure. Likewise, even though figures 1A-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 invention are
equally well suited for wuse in multilateral wellbores
having a main wellbore and a plurality of branch wellbores.

[0049] Referring to figure 2A, 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 1is 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

1%



[ 0043] Wii | e the maki ng and using of various enbodi nents of the
present invention are discussed in detail below, it should be
appreci ated that the present invention provides nmany applicable

i nventive concepts which can be enbodied in a wide variety of
specific contexts. The specific enbodi nents di scussed herein are
merely illustrative of specific ways to make and use the invention,
and do not delimt the scope of the present invention.

[ 0044] Ref4d ri-ag a revelalabla ondtguial 1Aaveherddi-n | Swdéphbled matwelipl
systemincluding a plurality of sand control screen assenblies
enbodyi nglgramcd pl és efttekbepgr ésentasavenpeor2t it hendhemati cahkey
illustrated and generally designated 10. In the illustrated

enbodi mrendyitabie [HeatmibRieext endst driabdygh thie thdrkaes sealft kwetinabae
Vel | bore 12 has a substantially vertical section 14, the upper
portion afatdiich Mas/dmsial hed ddigm@izeda Heasidngysdi | fige 18ikhatetSof
cenented within wellbore 12. Wellbore 12 also has a substantially
hori zont dargeCtd@it il t RatrR4t engeadigugloa Bydr oeakboRihedrieRd of
subterranean formation 20. As illustrated, substantially horizontal
section 1810fh el | ber egdeni scipnen ke okBA4sl Basi tioned Wiy in

wel | bore 12 and extending from
greater detail below, substantially uniform contact between

both swellable material layer 46 and a fluid collection

subassembly 50 with the surface of wellbore 48 is achieved.

[0050] In the illustrated embodiment and as best seen in
figure 3, fluid collection subassgembly 50 includes a
plurality  of perforated tubulars 52, Preferably,

perforated tubulars 52 are circumferentially distributed
about the portion of sand control secreen 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 alternatively have c¢ross sections of

different shapes including ovals, triangles, rectangles and
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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. [0046] 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 atitonl ik axpisdilnéd PRrgFERTeETdet BFPSHeFowri@aeh of the

depi cted sand control screen assenblies 24 has a base pipe, a fluid
col | ecti olPAMassesise wide | 42r inedides apdPdusadiinblod mpegyingls 60

| ayer. In general, the swellable naterial |ayer is disposed

ext eri or | yhar oahdlowhermidueinroer ehbei df aoblearderpi peteserdl oflow tdeeh
base pipe and the fluid collection subassenbly is disposed exteriorly
of the sweil abl pispbecd aladcayer . thihe foddtarormedifurbaey hepdi sppsechd
externally of the fluid collection subassenbly, internally of the

fluid coldeatironagubassemigyondoymstceam ef1t8e hediidncodd ectimncer
subassenbly or any conbi nation thereof. In this configuration, when

sand contyddi§fr €EMmasseshbrese24 RN c6INtRGNihE AN AtV ahidig
fluid, such as a hydrocarbon fluid, water or a gas, the swellable

material layer pf,eachosand C?A&‘c%ui%ée%@s?@ﬁ@% 4 hadh @l 19reen
expands which in turn causes the tluid collection subassenbly of each

ig”d contirali BFT GO0 85SEOPLT €387 8:COBLAAT LD YW TASR O 8 Qe

may be diffusion bonded or sintered together to form a
gcreen designed to allow fluid £flow therethrough but
prevent 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 disposed 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 like. Filter medium 62 is
glzed accoxding to the particular requirements of the

production zone into which it will be installed. Some
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[ 0047] Even though figures 1A-1B, depict tubing string 22 as including
only sand control screen assenblies 24, those skilled in the art wll
recogni ze that tubing string 22 may i nclude any nunber of other tools
and systens such as fluid flow control devices, comunication
systens, safety systens and the |ike. Al so, tubing string 22 may be
divided into a plurality of intervals using zonal isolation devices
such as packers. Sinmilar to the swellable material in sand control
screen asy@EWilisdy Hizaheal Ebaapaprgoliat ifdd teavinsssivmys hemamdeef Aom
materials that swell upon contact with a fluid, such as an inorganic
or organithd |20i-@50Serandeadpinger Fhugeds that nmay cause the zonal
i solation devices to swell and isolate include water, gas and
hydr ocar bbrs2] [ 00&&iflerraddi tadatit iened 1vhough o glitesrd A2BB dépiretin
the sand control screen assenblies of the present invention in a
hori zont als séspiotedf at beosel |daatdonkbll shHaw dbbesandersheedl bydrbese
skilled in the art that the sand control screen assenblies of the
present idnemdign are aegqualios Wweldersitited fomrugserbRidgyi at ednor the
vertical wellbores. Accordingly, it should be understood by those
skilled imihhe @fted halhnblemyse, of sl Tedionabc£@LHE SHEH-AS APOYEs
bel ow, upper, lower, upward, downward and the |ike are used in
relation écﬁnet hgjll ?.ttra@i:' Vait QQh”EQét?i@ét%ﬁbey ﬂlﬁfcﬂeplsq}c%d b3 the
figures, the upwar Irection being toward the top of 'the
correspondi i e th irect.ion i t rd t
bottom op&%%agg%és%nrﬁgidhg%f#%\é??% %évm%siﬁé,c‘%e\l/’llé)’% t gl?%h fsl%al}lrig]sole
1A- 1B depi ct t.h and control screen assenblies of the presen
nvent | ol e 35 Tavi B 80ST hbY oo BOPBRoTBEC] POBRBGFdvbeh the
understoodlgyﬁthose ski | | g in the art hhaf} t he sand contraql screen
assenbl i €870 %he PFesift OMFEnt i Bl ar ¥eGlal | y'ihel FRSui tidd For2GsE
inmultilateral wellbores having a main wellbore and a plurality  of
br anch weiRHREENL 0649 ]t 'Re ffE™ag OF0 tRFGur e TP X EdOn tiedeprdpdd
a cross sectional view of a sand control screen assenbly inits
runni ng cOETRICARL | G t haite BHBYd e "Fe i Ipl e5a T t héé pr Bgént caused
invention and is generally designated 40. Sand control screen
assenbl y pEY fiargitgde st Wasle s pe2 421t hiatuidef ¢pbbe i ¢mt enhakséhloly path
44. Base pipe 42 has a plurality of openings (not pictured in this
Cross sedta ommd hattal towddtuiwitlo pPasssbefawencf heetXbersossof base
pi pe 42 and internal flow path 44. Positioned around base pipe
benefit provided by the sand control gcreen 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 discussed above, the sand

control screen assemblies of the present invention provide
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42 is a swellable material |ayer 46.Swellable material layer 46 is
attached to base pipe 42 by bonding or other suitable technique.
Preferably, the thickness of swellable naterial |layer 46 is optim zed
based upon the dianeter of sand control screen assenbly 40 and the

di anmeter of well bore 48 such that upon expansion, as explained in
greater detail below, substantially uniformcontact between both

swel l abl e material |ayer 46 and a fluid collection subassenbly 50
with the YIR¥AERE of CORHIABor @148 | §hgchfeyBatipposds |sredeer radial
illustrated enbodi nent and as best seen in figure 3, fluid collection
subassen#xpBOigre|irlesclhigralls iand dfhpesviorlalue tnaghdmiesl Sayer is
Preferably, perforated tubulars 52 are circunferentially distributed
about thengor t¢compbiasansuconthat stcréenbasserbkip140 tohatonifeechudes a
swel |l able material |ayer 46. In operation, production fluids enter
fluid colhetiniforsubasseibly $Qcel.a openangsrderafepetdipladicattation,
tubul ars 52 and are discharged into annul ar regi on 56 between base

pi pe 42 afigk okl Sowistaly SSredy eisddighe Pasit ofted esh-ddid afrsrdad ihave
been depicted as having a circular cross section, it should be

under st 0qgh-By; ddogerakhl efhdudt t Boarpsi hahpeshopsatad t vbul B ke
could alternatively have cross sections of different shapes including

oval s, triangl.as, (LeGhangles;gore  therddke agiyelh as nof sypReLfig
cross sections. [0051] Base pipe 42 includes a plurality of openings

60 recognize that the collapse support provided by the present

invention can be optimized for a particular implementation
though specific design features of the basge pipe, the
gswellable material layer and the fluid collection
subassembly.

[0053] 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 layer 46
preferably includes a mechanism for delaying the swelling
of swellable material layer 46 such as an absorption
delaying or preventing coating oxr membrane, swelling
delayed material compositions or the like.

[0054] Alternatively, the activating £fluid wmay be
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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 medium62. Filter nmedium 62 may conprise a nmechani cal screening
el enent such as a fluid-porous, particulate restricting, nmetal screen
havi ng one or nore |ayers of woven wire or fiber nesh that may be

di ffusion bonded or sintered together to forma screen designed to
allow fluid fl ow therethrough but prevent theflow of particul ate

mat er i al ssigfcud ghesld dtfarvigiedlsd zee XY obw pawsi hgblhemathroayhlhmerhdo

after gand control screen assembly 40 is installed in the
well. As another alternative, the activating fluid may be
produced into the wellbore from the formation surrounding
the wellbore. Thus, it will be appreciated that any method
may be used for causing swelling of swellable material
layer 46 of sand control screen assembly 40 in keeping with
the principles of the invention.

[00551 Swellable material layer 46 is formed from one or
more materials that swell when contacted by an activation
fluid, such ag an inorganic or organic fluid. For example,
the material may be a polymer that swells multiple times
its 1nitial size upon activation by an activation £luid
that stimulates the material to expand. In one embodiment,
the swellable material is a material that swells upon
contact with and/or absorption of a hydrocarbon, such as an
oll or a gas. The hydrocarbon is absorbed into the
swellable material such that the wvolume of the swellable
material 1increases, creating radial expansion of the
swellable material. Preferably, the swellable material
will swell until its outer surface and perforated tubulars
52 of fluid collection subagsembly 50 contact the formation

face in an open hole completion or the casing wall in a
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illustrated enbodi nent, filter medium 62 includes outer and inner

drai nage | ayers 64, 66 that have a relatively course wire nmesh with a
filtration | ayer 68 di sposed therebetween having a relatively fine
mesh. It should be noted that other types of filter media may be used
with the sand control screen assenblies of the present invention,
such as a wire wapped screen, a prepack screen, a ceramc Screen,
metal lic beads such as stainless steel beads or sintered stainless
steel beatrsethd vadlbore. Fil tBpe nedivailables sierediadcoratianrdioaliye
particul ar requirenents of the production zone into which it wll be
i nst al | ecdbrSonies exleapbarygyi zes wisithergapsriordtided etulmetaomm 62 mey
be in the 20-250 standard nesh range. [0052] Referring additionally
now to fifjuriel 2Botherteion | sSsdepscdmola ci®ssisectoanaktvi editdf Sdred
control screen assenbly 40 in its operating configuration. In the

i1l ustrateskerdiedi.nent, swellable material |ayer 46 has cone in
contact with an activating fluid, such as a hydrocarbon fluid, water
or gas, Wugdshas ¢ameed swekhlabh¢ matgeiabblayerndbet a10di alddude
expand into contact with the surface of wellbore 48, which, in the

i||ustrat@p5&~@pdg)g%er% s thenf %@ﬁ%ﬂ? f-a68er! N AL LN ene,

radi al expansion of swell able nmateria ayer 46 has caused perforated

t ubul ars fl.ui | i i oggg; t
with the %tr aacle Ho#%v\e/gﬁo’l b%"fﬁe}l'%é e bene elytréog}&o%rgglgﬁ%ﬂyé%'he S n%%e
control scI[Oeenleansesergnllein%s ofO tpn%rpr es teri nve&;li £n és ‘;hatli N etate
addi tion %% %row ding a patmhnf)or for Fon FOTUSTTD SRt i METHA
flow path and filtering . particulate nmaterials out of the fornmation
Lol do. CHIPREHA ¢ GHETEIOSCRREn aBSamBPILEEbtot ne B aCese | nvateg
al so provide support to the formation to 8revent formati on col | apse.
Conpar ed IFENFHHENS on SXFEAdEREe netdPP8ENd cohtPRIFeRer eerdRRET

di scussed above, the sand control screen assenblies of the present
i nvent i orflpkBiARyene rubber and polynorbornene. These and other

swellable materials swell in contact with and by absocorption
of hydrocarbons so that the swellabkle materials expand. In
one embodiment, the rubber of the swellable materials may
alsc have other materials dissoclved in or in mechanical
mixture therewith, such as fibers of cellulose. Additional
options may be rubber in mechanical mixture with polyvinyl
chloride, wmethyl methacrylate, acrylonitrile, ethylacetate
or other polymers that expand in contact with oil.

[00571] 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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i nproved contact with the formation as greater radial expansion is
achi evabl e and the swellable material layer is nore conpliant such
that it is better able to conformto a nonuniformwel |l bore face. In a
preferred inplementation, the sand control screen assenblies of the
present invention provide between about 500 psi and 2000 psi of
col | apse support to the wellbore. Those skilled in the art wll
recogni ze that the coll apse support provided by the present invention
can be optwetiladd ef orrwblprirt i cul Modenpl sipedi Bt¢anlthoughe spewicflileble
design features of the base pipe, the swellable material |ayer and

t he fl ui dnadadiedt | oay s lleassenbltpr -85 3RNARI dusitoptivhilgueasowyebeor
used for contacting swellable material |ayer 46 wth an appropriate
act i vat i ngtfdristheldmbdausiygrepibbing ebpswehkabl engat et-kdkrhByer 46.
For exanple, the activating fluid may already be present in the well
when sanwa@i-Itleliebeen asseBPnodA | spbastal | edponyhbe . wel |, okRer
whi ch case swell able material |ayer 46 preferably includes a

nmechani spd1Qmede) ayiogul hensvedddhfe swethabliie ”B%@éé@é ﬁ%hté@n
such as an absorption del aying or preventing coating or nbr ane,

swel | i ng del ayed,aterd 8l flc&ﬁmgsvaf@@@y%ft RSak-bEfilic QPSYCFR, 31

[ 0054] Alternatively, the activating f may be” circul ate

the well %r%?%lo'b%' ?‘Lﬂg‘;h%h&?%eh%ﬁpréglslﬂ&@ AB4 f&”t rt%ka%fsi%}%”of

assenbly ta anot fer ~art ef nattve

t t fl. t {. b f f
Sur T oundithg TS AR bor B AL, PEOAGH 0 aPBRaCrat cd thel GAp Pe
met hod ma 5§ used, fo i‘iausé 8 smelllng gf swel | abl e mate |aj Iayer
46 of sa ool 1Ay aBUENBS? 48PT n 1RBEHFHg Tt PERELHRIIRI pPés

of the invention. ,
acrylamido-2-methyl propane sulfonic acid, N,N-

dimethylacrylamide, wvinyl pyrrelidone, dimethylaminoethyl
methacrylate, acrylic acid, trimethylammoniumethyl
methacrylate chloride, dimethylaminopropylmethacrylamide,
methacrylamide and hydroxyethyl acrylate.

[0058] A variety of hydrophobically modified hydrophilic
monomers can also be utilized to form the polymers useful
in accordance with this invention. Particularly suitable
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  wmethacrylate chloride and alkyl
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[ 0055] Swel | abl e material layer 46 is formed fromone or nore
materials that swell when contacted by an activation fluid, such as
an inorganic or organic fluid. For exanple, the material may be a

pol ymer that swells nultiple tines its initial size upon activation
by an activation fluid that stinulates the material to expand. In one
enbodi nent, the swellable materi al is a material that swells upon
cont act mnth and/ or absorptlon of hydr ocar bon, such as an oil _or

gas. The RGO IMSEHYL b@“t?tlhrﬁ%"ytlﬁéesmdllﬁlﬁl ahggedn dhes @éﬁyl

that the volume of the swellable material increases, creating radial
expansi orrastiaaes sheveadiremetleeytal 4 Pref ebabby 22t heasees | abPms  and
material wll swell until its outer surface and perforated tubul ars
52 of fl kbl BéweibnlsubasienhpyoByluertacty tdwe deor hutinbdef acd kiyil
an open hole conpletion or the casing wall in a cased well bore. The
swel | abl elimgtdrlaimmacdondi pyopyimethdesyl heidaer gyldwigosidndn alkyl
perforated tubulars 52 of fluid collection subassenbly 50 in contact
w th t he diofgeiylemmdi0ht pomyaxerhhakylanetiéabliediater Waksienal udte
alkyl groups have from about 4 to about 22 carbon atoms.
[0059] Polymers which are useful in accordance with the
present invention can be prepared by polymerizing any one
or more of the described hydrophilic monomers with any one
or  more of the described hydrophobically modified
hydrophilic monomers. The polymerization reaction can be
performed in wvarious ways that are known to those skilled
in the art, such as those described in United States Patent
Number 6,476,169 which is hereby incorporated by reference
for all purposes.
[00601] Suitable polymers may have estimated molecular
weights 1in the range o¢f from about 100,000 to about
10,000,000 and preferakly 4in 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 range of £from about

99.%8:0.02 to about 90:10.

[0061] Other polymers useful 1in accordance with the
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el astic polyners, such as EPDM rubber, styrene butadi ene, natural
rubber, ethyl ene propyl ene nononer rubber, ethylene propyl ene diene
nononmer rubber, ethylene vinyl acetate rubber, hydrogeni zed
acrylonitrile butadi ene rubber,
acrylonitril ebutadi enerubber, i soprenerubber, chloroprene rubber and
pol ynor bor nene. These and ot her swellable materials swell in contact
with and by absorption of hydrocarbons so that the swellable
mat er i al PEOFFANd. | FIGE &bodi keatude he hyBbephoebiepblgwel Mgpiéied
materials may al so have other materials dissolved in or in nechanica
m xt ur e tdwdvewirtsh, Budhopiolfldrekky ofmodidifiigdoseat guddiaiwned opptiyoarss
may be rubber in mechanical m xture with polyvinyl chloride, nethyl
nmet hacr ylaatde, adwylrophbbite]llet hylmeét fited or otderlypansner s theatof.
expand in contact with oil. [0057]In anot her enbodi nent, the
swel | abl eamtiefilalrlys autatelieal Hydaopsieelikallponmedifraetl Wpbllymers
water.In this case, the swellable material may be a water-swell able
pol ymer siieh @k ,a wat earsweldrabl nielabt 08 hgHrvphebically modified
polydimethylamincethyl methacrylate, hydrophobically
modified  polyacrylamide and hydrophobically modified
copolymers of dimethylaminoethyl methacrylate and vinyl
pyrollidone.
[0062] As another example, the swellable material may be
a salt polymer such as polyacrylamide or modified
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 semi permeable 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.
[0063] Referring to figure 4A, therein i1is 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 70. Sand
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swel | abl e rubber. More specifically, the swellable material may be a
wat er - swel | abl e hydr ophobi ¢ pol ymer or wat er-swel | abl e hydrophobi c
copol yner and preferably a water-swel | abl e hydr ophobi ¢ porous
copolymer. Ot her polyners useful in accordance with the present
invention can be prepared froma variety of hydrophilic nmononers and
hydr ophobi cal |y nodi fied hydrophilic nononers. Exanpl es of

particul arly suitable hydrophilic nonaoners which can be utilized

i ncl ude, RRCERe AGFEERMATEMYY aélf yIi&ni SENI AT adpy| daH ot 2t Aetsand
propane sul fonic acid, N,Ndinethylacrylam de, vin{l pyrrolidone,

di met hy| sfRHoe hy$crrghat? yfaseribedypbevacioclvdingt Ay bassomipeet 12y |
net hacryl ate chl ori de, di nmet hyl am nopropyl net hacryl am de,

met hacr yl @mdedaftngy deox jetkynaicrilloat @atft0058] Andarhety igicludes a
hydr ophobi cal |y nodi fied hydrophilic nononmers can also be utilized to
form t he gt §erts=diseflunginuaddaeddansecwibh t hasdi nvent ilmeank  pipe
Particularly suitable hydrophobically nodified hydrophilic nononers

i ncl ude, Intigianelinndl |davdieth twhicd ki @adidtatesin alHe/lcross section
nmet hacryl ates, al kyl acrylam des and al kyl mnethacryl am des wherein
the al kylof adi Gali% have fromeaheubndgt 028BOHE 2Basar horpat ons, i ky

di met hyl ammoni unet hyl net hacryl ate brom de, al kyl

di met hy| aspoiniAumes hyd - oetdhac yl-alk-e ghl orgder ach @l k¥terial 1ayer 76
is attached to base pipe 72 by bonding or other suitable
technique. Positioned around swellable material layer 76
ig 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 be 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 media disposed external to, internal to or
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di met hyl ammoni unet hyl net hacryl ate i odi de wherein the al kyl radicals
have from about 4 to about 22 carbon atons and al kyl

di met hyl ammoni um pr opyl net hacryl am de brom de, al kyl di net hyl anmoni um
propyl nmet hacryl am de chl ori de and al kyl

di met hyl anmoni um pr opyl net hacryl am de i odi de wherein the al kyl groups
have from about 4 to about 22 carbon atons. [0059]Pol yners which are
useful in accordance with the present invention can be prepared by
pol yrer i Adavgqsdrgaoneiorf hivkde ol lert duscriltrepagdnophi | | c Irosemepdn
with any one or nore of the described hydrophobically nodified

hydr ophi lembavomemiss. Jeeegol wlemernat | &% meyctpoimaantbe speveoraswedai n
various ways that are known to those skilled in the art, such as

t hose destraibesye nidpet edrStat earPatentfddunbercHeEmd #4611 69radtdnt S or
hereby incorporated by reference for all purposes. [0060] Suitable

pol ynmer s gmnerhavenest bentiedcpkeauiAar gned gt sddtnillhegtange of from
about 100,000 to about 10, 000,000 and preferably in the range of from

about 250pdy¥kit 0 ah@utthd 0001 GO0k NBibH@MEe®D)] esdBédRSebmbhe 82
hydr ophi |l i ¢ nononer(s) to the hydrophobically nodified hydrophilic

nmononer (s)g i Nedhed angendf £ r mahaut:,99.438: Q:l%&r&e%ﬂtﬁtlago Woreen

[ 0061] O her pol ynmers useful in accordance with t

segments that overlap one another in the running
configuration of sand control screen assembly 70. Even
though screen element 82 has been depicted as including
four segments, it should be understood by those skilled in
the art that other numbers of segments both greater than
and less than four, including one segment, could
alternatively be usged in keeping with the principles of the
present invention.

[0065] Referring additionally now to figure 4B, therein
is depicted a cross sectional wview of sand control screen
assembly 70 in its operating configuration. In the
illustrated embodiment, swellable material layer 76 has
come 1in contact with an activating fluid, such as a
hydrocarbon f£luid, water or gas, which has caused swellable
material layer 76 to radially expand placing screen element
82 into contact with the surface of wellbore 84.  In

addition to providing support to the formation to prevent
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pol ymers,

hydr ophobi cal | y nodi fi ed water-sol ubl e pol ymers and

hydr ophobi cal |y nodified copol yners thereof. Particularly suitable
hydr ophobi cal | y nodi fied pol yners include, but are not limted to,
hydr ophobi cal | y nodi fi ed pol ydi net hyl am noet hyl net hacryl at e,

hydr ophobi cal | y nodi fi ed pol yacryl am de and hydrophobically nodified
copol yners of di net hyl am noet hyl met hacryl ate and vinyl pyrollidone.

[ 0062] As

anot her exanple, the swellable nmaterial nay be a salt

pol yner siRINHS Pol Gatt§PeMi délorthisdi $reeA eSSl | AkEgen element 82
pol y(neth)acryl ate that has the tendency to attract water from salt
wat er t hretgrhiidshosi stahér eff wagéenf bewsrefnomeat oapsgdoft ubgwaggl 80
concentration, the formation water, to an area of high salt

concent r andn,waehidosa t §ol ynerThacrnoss aSenihier neald igurericene is
the interface between the pol yner and the production fluids, that

al | ows waieate indiedyl eSot 0 epampliherif haoui et @dleyenhs theepasgdge

of di ssol
therein i
assenbl y

ved salts therethrough. [0063]Referring to figure 4A

Soxlefd CéredtRe CEOBBa8€CHEORAE FiogWadfoa, S@REnCeRLr &lcager T
N
will prevent damage to perforated tubulars 80 and allow

removal of the filter cake using acid or other reactive

substance.
[0066] 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.

[0067] In certain embodiments, the zreactive 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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its running configuration that enbodi es principles of the present
invention and is generally designated 70. Sand 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
| ongi tudi nal section which is depicted in the cross section of figure
4A. Positioned around base Plpe 72 is a swellable material |ayer 76.
Swel | abl ecavatamtedls | ay erolaslliartdidegdhed e lydgd vsiogdde2) by boedivig-or
ot her suitable technique. Positioned around swellable material |ayer
76 i s a f¢apublegitometsiion sebbscartitdrif@sthat poky (detraxyiiunyalaitey ) of
perforated tubulars 80 that are circunferentially distributed about
swel | abl eelngdtertiial | aykycdthamndt @per apelyibstanktaklty) i n thd ynamien
descri bed above with reference to fluid collection subassenbly 50.

Di sposed ®fimd bpbhyswehiabhe malicliisal, | ayer pMl yahdsphaizdnesl. | ecifon
subassenbly 78 is a screen elenent 82. Screen elenent 82 is attached

to swel | abl&sdmatarialblay oTiferase NiiRRatd cOr PRALRRYErRONELRE Oks
ot her suitable technique. Screen el enment 82 may be used in

CO“JUnCt'5519Mﬂébtﬂd%)adgftb%ﬂyé@aeElésa%ﬁd§|t&&@a%bi§hﬁh§ar9ég§rare
filter media such as filter ium 62 di scussed above as"well as the
ot her ty % ter medi a di scussed herein including filter nedia
di sposed externa internal to or domnstreanlof quid col | ection

subassenby ), 33 '”T%%”a:%é‘ace{?f '”Eﬂbétaégé cCha forél_{d T8Yn, the

primarily serve as a drainhagée |layer carrle em cal
treat rTentproer se(%;[chee ro gae r1’1y”draatstedt:{ Socrugsasnel% Ior glrn%ai}g%rnl%etcaoln{po%%ldo golid,

which may be included in sand control screen assembly 70,
so that a source of water is available 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 ke used as the water source.

[0069] Referring to figure 5, therein is depicted a sand
control screen assembly in its running configuration that
embodies principles of the present invention and 1is
generally designated 90. Sand control screen assembly 920
includes basge pipe 92 that defines an intexnal 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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[0064] In the illustrated enbodi nent, screen elenent 82 is fornmed from
a plurality of circunferential screen segnents that overlap one
another in the running configuration of sand control screen assenbly
70. Even though screen el ement 82 has been depicted as including four
segnents, it should be understood by those skilled in the art that

ot her nunbers of segnments both greater than and | ess than four,
including one segment, could alternatively be used in keeping wth
the princigdd of & h]@eb‘f"%%%ntba}srﬁ/eﬁtlpén %/0(596‘51 ROMERET NECERHHT | 3l y
now to figure 4B, therein is depicted a cross sectional view of sand
control SR sk rBIGTD & hlank epecatsans ieenaigege Gipel 92t Be a
illustrated enbodi nent, swellable material |ayer 76 has cone in

cont act vﬁ‘wetilablaactma\mﬂ@} flayied, IPEch adwvenl Injdreocwvtisoniafll diagre rwatoér
or gas, which has caused swellable material layer 76 to radially
expand plixi agtacheéntel dwad 82pe ntd dontlawmtidimg hot hetkerf acd tefble
wel | bore 84. In addition to providing support to the formation to
prevent dedhraiquen coblapseedi ardtnd ewbdUbbeat masereeh &heaentio82a
provi des a stand off region between perforated tubulars 80 and

wel | bor e 8diid heolsscford hiSo£osdduguy ai oonchstbenefuakal a furality
exanple, if a filter cake has previously formed on the surface of the

formati onye t Fﬁ&f&%@é@wm&lﬂa | eveiiatdanpge 10 RardhaiRdally
tubul ars 80 and all ow renoval of the filter cake using acid or othér
reaCt'VecéﬁggngH%%d about swellable material layer 102 and operate
substantially in the manner described above with reference
to fluid collection subassembly 104. In the illustrated
embodiment, a filter medium 108 is positioned around each
of the perforated tubulars 106. Filter medium 108 may
include a wire wrap or one or more layers of wire or fiber
mesh having various 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 filtexr
medium 62 or screen element 82 discussed above,
Alternatively or additiomally, filter materials could be
placed inside of perforated tubulars 106. Such filter
materials may include single or multiple layer sintered or
unsintered mesh, steel or ceramic balls or beads that wmay

be sintered in perforated tubulars 106, prepacked or resin

coated sand, combinations of the above and the like.
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[ 0066) Pref erably, screen elenment 82 has the reactive substance
| npregnat ed t herein. For exanple, the reactive substance may fill the
voids in screen elenment 82 during installation. Preferably, the
reacti ve substance i s degradabl e when exposed to a subterranean wel |
environment. More preferably, the reactive substance degrades when
exposed to water at an el evated tenperature in a well. Most
preferably, the reactive substance is provided as described in United
States Pat®@ht0INo. ZM036eLBFimhictRoddmBaEEDY ithcBRBorka edepiraleter &fce
for all purposes. [0067]In certain enbodi nents, the reactive
subst ances¢ rdtudesl va albpwadabfie ppeivgntr fSwint ateowstanpl esndf control
degradabl e pol yners that nay be used in accordance wth the

screen assembly of the present invention such as sand

control screen assembly 90. In such enbodiments, a wvalve
or other flow control device may be placed in the f£luid
flow path between the exterior of gand control screen
assembly 90 and internal flow path 94. For example, a
sliding sleeve (not pictured} may be operably asscciated
with base pipe 92 and openings 96. The sliding sleeve may
be disposed internally of base pipe 92 within intermnal 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 1is allowed and a closed position wherein fluid flow
though openings 96 is prevented. 1In addition, the position
of the sliding sleeve may be infinitely wvariable such that
the gliding sleeve may provide a choking function. The
sliding sleeve may be operated mechanically, electrically,
hydraulically or by other suitable means.

[0071] Referring next to figure 6, therein is depicted a
sand control screen assembly in its running configuration
that embodies principles of the present invention and is

generally designated 120. 8Sand control screen assembly 120
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present invention include polysaccharides such as dextran or
cellulose, chitins, chitosans, proteins, aliphatic

pol yesters, pol y(l acti des), pol y(gl ycolides), poly(e- caprol actones),
pol y(anhydri des), pol y(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 yanhydrides are
pref err edind OBy TiHe rfdadd vecddpstante aagtéeyr ati2i n 93l control

section 124, a fluid discriminator section 126, a flow
restrictor section 128 and a fluid 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 1s disposed around a blank pipe section
of base pipe 132 and is attached thereto by bonding or
other suitable technique. Disposed around swellable
material layer 136 a fluid collection subassembly 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 wmesh filter medium
including warious drainage layers and filtration Ilayers
disposed in series.

[0072] Fluid discriminator section 126 is configured in
series with sand contrel section 124 such that fluid must
pass through sand centrol section 124 prior to entering
fluid discriminator section 126. Fluid discriminator

section 126 includeg an outer housing 144 that defines an
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presence of a hydrated organic or inorganic conmpound solid, which may
be included in sand control screen assenbly 70, so that a source of
water is available in the well when the screens are installed.

Al ternatively, another water source nmay be delivered to the reactive
substance after sand control screen assenbly 70 is conveyed into the
wel |, such as by circulating the water source down to the well or
formation water may be used as the water source. [0069] Referring to
figure 5,anrhdeg nchembdepi dtéd witdand compegifogetedn sesydmyl yof nbass
runni ng configuration that enbodi es principles of the present

i nventi orpigred 132genefhhiyg deésrghaierdt0. sSamdonontI®dl atspedmcludes
assenbly 90 includes base pipe 92 that defines an internal flow path
94. Base ptpair® hasng plag aldHat ohaepeni ndsarlf itthat oal |ave fdisd d 150
pass to internal flow path 94 froman annular region 98 between base
pi pe 92 and-AiRirdieusilng 188acBasi thenedn arguethed! ark RirerigeCt Bon
of base pipe 92 is a swellable material |ayer 102. Swell able nateri al
| ayer 1021.§ At tachaddwpasedy pPeradey bandi ngor ather Swichablker
techni que. Di sposed around swel |l able material layer 102 a fluid

col l ecti i subassebly 104 that includes a plurality of perforated
tubul ars 106 that are circunferentially distributed about swell abl e
material faypyy; 102 d e tialdy i r r.i.hed
above wit reﬂerené%ﬂ%d&$lﬁ? Scéﬁpgiﬁggﬁﬁéh as@%ﬁ%%?yﬁgﬁs'lgﬁiﬁgkgﬁ
il lustrated enmbodi

t, afilter i.um 108 i.s_positioned.around. each
of Lhe paiT of BRg TabulaRE D6 S ra et uRL B8 Fhy ThRci o P here
wrap or ane or_ nore layers . ,of wire or fiber sh_havi ng var.i ous
G af nage T eRE LT FEERLPEH | hyaTs HeS GeRT odtL NI CEFRE G AP er
medi um may be used in glace of or in addition to a filter medi um such
as filterC3RRATRRS2VdFEs QR ehefit %2 dPSEGiskd Hiovélow of any
Alternatively or additionally, filter materials could be placed
i nsi de ofurkasigiest @prtilnm &fs thee Progeis tiiony &l uksiseihalts emipti Adldde
single or multiple layer sintered or unsintered nesh, steel or
ceram c bHldarigrirsdads sdnitiamyl e si Aper egaimplper fioy dthed cadril afsa

106, prepacked or resin coated sand, conbi nations of the above and
the |ike.production fluid containing both oil and water, the density

of members 152 is such that certain of the cutlets 150 are
blocked by certain of the members 152 to shut off or choke
the flow of water therethrough. Thus, when the production
fluid 1is mainly oil, members 152 will be positioned
relatively distant from outlets 150, for example, at the
bottom o©of chamber 146. When a sufficient proportion of
water is 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.

[0074] Flow restrictor section 128 is configured in
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[0070] I n certain enbodinents, it nay be desirable to selectively

al l ow and prevent flow through a sand control screen assenbly of the
present invention such as sand control screen assenbly 90. In such
enbodi ments, a valve or other flow control device may be placed in
the fluid fl ow path between the exterior of sand control screen
assenbly 90 and internal flow path 94. For exanple, a sliding sleeve
(not pictured) may be operably associated with base plpe 92 and
openi ngs & 1Fhev i cﬁ%%l‘%’eﬁ@wwrdlw iltee rsyaity gt fdadd
pipe 92 within internal flow path 94 or may preferably be di sposed
ext er nal 107 Dage phpeudl #luhdndammulainaegr oReoBiorha2s| pdiley to
sl eeve may have an open position wherein fluid flow through openi ngs
96 is al loavwestrimwl dloWosedsposctoon sewirigim fl28i.d f | By hoggtrictor
openings 96 is prevented. In addition, the position of the sliding
sl eeve mmedieiamfilg t shylwdes avheosteh hbhabihbelshi dihng dlseeud taily
provi de a choking function. The sliding sleeve may be operated
mechani caldupler] eebriwal lintehydrnauichal lopter bycwihes Juiat abfe sIRAMRS.
[0071] Referring next to figure 6, therein is depicted a sand control

screen assyEdimidhtddis sednisg aerfi gubatésn Hohati ngnboti egepihasi ples
of the present invention and is generally designated 120. Sand

control sSGIRANKASSERERLYr 1386 with a nonperforated section of base

pipe 132. Disposed within chamber 156 is a flow rate
controller 158. Flow rate controller 158 includes one or
more tubular passageways 160 that provide a relative long,
narrow and tortuous pathway for the fluids to travel within
flow restrictor section 128 and that provide a wmore
restrictive pathway than the unrestricted pathway through
fluid discriminator section 126. As such, flow restrictor
section 128 is operable to restrict the flow rate of the
production fluids through sand control screen assembly 120.

[0075] Once the production fluids pass through flow rate
controller 158 of f£low restrictor section 128, they enter
annular chamber 162 and eventually enter the interxior flow
path 134 of base pipe 132 wvia openings 164 which are
depicted in the form of slots. Once 1inside base pipe 132,
the production fluids flow to the surface within the tubing

string.
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includes a fluid collection section 122, sand control section 124, a
fluid discrimnator section 126, a flow restrictor section 128 and a
fluid inlet section 130. Sand control screen assenbly 120 includes a
base pipe 132 that defines an internal flow path 134. In fluid
col l ection section 122 of sand control screen assenbly 120 a
swel | abl e material |layer 136 is disposed around a bl ank pipe section
of base pipe 132 and is attached thereto by bonding or other suitable
t echni quel 943 &posed laricundl soelnam e Tarericarn| 186 @erakte in
col | ection subassenbly 138 that includes a plurality of perforated

t ubul ar s vip0iausat fadpw cregiumder endi avlyh diveindiomsgt edormbbgnraiwedtiablod
material |ayer 136 and operate substantially in the manner descri bed
above wi tfilavef blenkeng ombibedscdld2ect | Grrs resmdrh| ymdidherSants2 ontaryol
section 124 includes a filter nmedium 142 that is illustrated as a

mul ti -1 ayerved ae siesl o | déreritedand ibec| des hgnadr tou I nage ihayer s
and filtration layers disposed in series. [0072] Fluid discrim nator
section IZfd sofonhtighiedbls Feuias sMdh sandacent bel £RCtivnNad24il
such that fluid nust pass through sand control section 124 prior to
ent eri ng fhdibdicicr bpkpat 96n S Omad26na b Uitdidli 8ehE Mt NaL OraRECHeoNn
126 includes an outer housing 144 that defines an annul ar chanber
146 with g honnet fid aledisealiian 1f P Quk%1EbYkd F1uids such
di scrim nator” section 126 al so i'ncludées retainer ring 148 that has a
plurality, of I r-ent.i : rein i.gn to
provi de a 11U ]%2%2%3%§%§J¥%%ﬂp%ﬁa3%%$L%%€§?§%§%%%E§S§fri%@%P' &

section %%@'the members intended to block a certain undesired fluid

do not necessarily have the same density. Instead, the
members in each category could have a range of different
densities so that the members are mneutrally buoyant in
different densities of production fluids.

[0077] Even though figure & has described a particular
embodiment of a fluid discriminator section, other types of
fluid discriminating mechanisms can be used in association
with the gand control screen assemblies of the present
invention, such as those described in United States Patent
Number 7,185,706, and United States Application Publication
Numberg 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. Likewise, even

though figure 6 has described a particular embodiment of a
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[0073] One or nore flow bl ocki ng nmenbers 152, depicted as spherical
menbers or balls are disposed within chanber 146 between retai ner
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 discrimnator section 126. For exanple, in the case
of a production fluid containing both oil and water, the density of
menbers 152 is such that certain of the outlets 150 are bl ocked by
certain dil@herRBRBEFSCUSEECE1ORUt BFRr teRERe eIt PHW %S tiicding
t her et hrough. Thus, when the production fluid is mainly oil, nenbers
152 wi | | mschegdismsomgd s ardack| yn dstemia ficomwidhl dthe m8od fagmtrol
exanpl e, at the bottom of chanber 146. When a sufficient proportion of
wat er i s sorEsentassetthel g odfctthen dtadaht hbwesreriomenberls &52 thidsle
restrict flow of the water by shutting off or choking flow through
certain ahessmifodde iout | Bostd§0. SEAO€4] Flrawenest Nund@rssect ,isms 128 ,i S
configured in series with fluid discrimnator section 126 such that
fluid nmusg, geasstAdr ougisd Jas4, desspd minaf orr, 866t 598, 126 opki, 0851 0 and
entering flow restrictor section 128. Flow restrictor section 128

i ncl udes an QAUters houghdg kA tdiat seasedt abbyicesphied t @@ idiaemal
with outer housing 144 of fluid discrimnator section 126. Quter

housi ng hadusdefd ngs amoanpvkar sehalmber ;356 a7y od onaAPelf orgted ooy -
section of base pipe 132. Disposed within chanber 156 is a flow rate

cont 1 ol | &6 gkl Fhow i eo6aat hokLeto 158 | nghydass 09goor o5pES: § uliyl ar

passageways 160 that provide a relative l'ong, narrow and tortuous
pat hway for .the.fluids to travel within flaow restrictor section 1
Pnd that Dvige KhERe Pedih ey v etheas haw  heTORPaCe Fofed 1]
pat hway through fluid discrimnator section 126. As such, flow
restrict et $ecti“on 128 is operable to restrict the flowrate of the
production fluids through sand caontrol screen assenbly 120. [0075]

Once the WHURIcti oRSegrdEIpsss HrgsgH -f IR TRdTe 160 ctef gsgagd
flow restrictor section 128, they enter annul ar chanber 162 and
eventuaH%PQﬁﬂQ% %?ﬁﬁ?%téﬁﬁﬁmbiYOWQxﬁ¢ﬁ134n6¥n%a§§mﬁﬁﬁér§3200i&hat
openi ngs 164 which are depicted in the formof slots. Once inside
base pi pemB8Ziashe prigutiatliasn féli dshe| opresenhe suveateowi t AhA t He
tubi ng string.
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 around an unperforated portion of base pipe 172
iz a swellable material layer 182. Swellable 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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various flow regines and with various configurations of flow bl ocking
menbers 152. For exanple, nenbers 152 may have a single density and
be designed to block a single type of undesirable fluid such as water
or gas in an oil production operation, or may have two densities and
be designed to block nmultiple types of undesirable fluids such as
water and gas in an oil production operation. Also, all of the
menbers intended to block a certain undesired fluid do not

necessar i$3ndhagenthel sgesegansissemnblyst B4, ande thentdrangtieraeh the
category coul d have a range of different densities so that the

menber s arel Mimne alsighbubiant uprnli femaasticdensasi edesfr Pradiuckiors
fluids. [0077] Even though figure 6 has described a particul ar

enbodi mrenduleftentfilalilg di setfarmat eonsecti orhetotdwr tppes ofswdlliathle
di scrim nating nechani sns can be used in association with the sand

control sEfeen ASSEapdt essof ahlde Prevrend cpYRAELOBn Subhsasmbhosasas
described in United States Patent Nunber 7,185,706, and United States

Appl i cat it iPUld GahifarNyEDehs WS120880 00415801 ffeq US 2008- 0041581
Al, US 2008- 0041588 Al, and US 2008-0041582 Al, each of which is

her eby i nggy-por at ediby o ef &Senca fQf ablpMeNAses. Lokew;sei.84en a
though figure 6 has described a particul ar enbodi nent of a flow

restrictan seotian, acherpLypes,ofaf | quurastil ctipg maghani sip.gan e

used in : ation with e sand control screen asse es of the

Nimber's 50T 0218 Y6ar 7 e Rea b e 08 Lre Ty s Sof ot cloe
(008, 915 Lo 3 ER, STDI SNt AWIGaLLED PRl R
S 2007 ZASRI0 Bl BIOTRAE2IR, A, o LS Ll e

portion of sand control screen assembly 170 that includes
swellable material 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 or fiber
mesh screen designed to allow fluid flow therethrough but
prevent the flow of particulate materials of a
predetermined size from passing therethrough.

[0080] Fluid collection subassembly 184 of sand control
gcoreen assembly 170 also includes instrumentation and
communication systems that allow information relating to

the adjacent formation to be obtained and transmitted to
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[0078] Referring to figure 7, therein is depicted a sand control
screen assenbly in its running configuration that enbodi es principles
of the present invention and is generally designated 170. Sand
control screen assenbly 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 annul ar

region 178 between base pipe 172 and outer housing 180. Positioned
around arfhthpébrépraee Boriardniadilbase pigel 1720es a8 s@eriiBle  As
material |ayer 182. Swellable material layer 182 is attached to base
pi pe 172 byl usdndditeg.or cneherf sbhe aler fadtsidqguevbPlaf eld®isl yhas hébeen

t hi ckness of swellable naterial |ayer 182 is optim zed based upon the
di anet er mdplagadd wicitt rah steeencmssenbaykddd® and thetdiiamBtdesofortche
wel | bore such that upon expansion, as described above, substantially
uni f or m cantnaete hedneeess botthes idrdsdd=e mEpt &d ainyl ayer ckBacard oF frlha d
col l ection subassenbly 184 with the surface of the wellbore is

achi eved.fd10Q%8d uicgpesl | 8£t | unShnssameingi8d i}lﬂﬁésblﬁﬁfﬁe a qiindcald,ty
of perforated tubulars 186 that operate substantially in a manner as

descri bed: aQue il sehsbeace di Zbkdied ekl efddant isubgssgpbly Fow
Preferably, perforated tubulars 186 are circunferentially distributed

about t he,partd on ﬁrsar@e%irﬂngscreﬁwswgﬁex 170&}45%@?@&&%%
swel | abl e material lTayer 182. Disposed around the perforated portion
of base R_lé?s%sltgt%iac'}d i W!ﬁaéﬁ%‘i@gﬁ%é& il gr RAWD

188. Filter nmedium’l nmay conprise any Sul e nmechani cdl screenrng
el ement or eSI enentwse.ag?%isnd\%%i cterd as a_ nulti-layer wire or fiber
mesh scr & desi‘gned 10 AT 6W T aid Fow ré‘"ﬁﬁ?&gﬁ t "BYEVERT fhe
flow of p rthfulate mat eri al s_of .a predeterm ned_ size fron1passin%

t her et hr property or physical parameter downhole. 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 eguivalents 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
assoclated with a microprocessor to allow manipulation and
intexrpretation 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 Jatch transmission, if desired.

Importantly, this combination of components provides for

localized control and operation of other downhole
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[ 0080] Fl ui d col | ecti on subassenbly 184 of sand control screen
assenbly 170 al so includes instrunmentation and conmuni cati on systens
that allow information relating to the adjacent formation to be
obtained and transmtted to the surface substantially in real tine
as desired. As

components such as an actuator which may be associated with
a flow control device, a safety device or other actuatable
downhole device. Alternatively or additionally, the sensor
data may be digitally encoded and sent to the surface using
electrical, optical, acoustic, electromagnetic or other
telemetry techniques.

[0081] Even though the sand control screen assemblies of
the present have been described as having a £luid
collection assembly that channels fluids dinto a fluid
collecting annular chamber or manifold prior to entry into
the internal flow path of the base pilpe, those skilled in
the art will recognize that other types of fluid collection
techniques could 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 i1s generally designated 200 1is
depicted. Sand contrel screen assembly 200 includes base
pipe 202 that defines an internal flow path 204. Base pipe
202 has a plurality of openings 206. Pogltioned 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 control screen assembly

200 includes a fluid collection subassembly that is
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illustrated, one of the perforated tubular 186 has been replaced with
an el ectroni cs package 190 that includes one or nore sensors. The
sensors may be any one or nore of the follow ng types of sensors,

i ncl udi ng pressure sensors, tenperature sensors, piezoelectric
acoustic sensors, flow neters for determning flow rate,

accel eroneters, resistivity sensors for determ ning water content,
velocity sensors, weight sensors or any other sensor that neasures_a
fluid propeityricrepiysildal phrirabetedowirored AsvigdedbRer eiMpterial
term sensor shall include any of these sensors as well as any ot her
types of lssissor 808hatt acaeused mergowhbodetediiabnheosasignd tded is
equi valents to these sensors. For exanple, a fiber optic distributed
t enper at utepisarsbrad 92 iplwepldtedodés tHedieng omiagp auli sircountdypae fadfuithe
perforated tubular 186. The sensors may include or be associated with
a m cropriodessor 21.0. al | Dw el pUl hbstomtaand enbedpnehaf | @actf d¢hethe
sensor data and for processing instructions. Likew se, the sensors
may be couplied ie1étgenony WMy ipova deabiidbrsimmbeg infor Aatieg &or
| at er batch processing or batch transm ssion, if desired.

| mpor t antd yardiRits, GETRidadeR iehsCerRoneteikRtedas ol hogrlinzed s
control and operation of other downhole conponents such as an

act uat or MG B8 253961 af £d W §{ @ 4w eQBET ol; (devige, AeRalety
devi ce or other actuatable downhol e device. Alternatively or

addit! onalddia e SeRRladal T, Wthd! aljappracoded and. aeh tay

t he surface using é]ectrl , O t|c§1 acoustic, el éectromagnetic or
ot her tel enet.ry techni 1.1 0081] Even 1 hough e_sand _contro creen
Sscenbl | BB Reeh i e tbs LT 024 7301 Rg S8 hp pgB R
col l ectiqgn assenbly_that channels fluids_into fluid collecting,
annul ar gﬁﬁﬁ%ePl%ﬁ ﬁhﬁrfolgf%ﬁ$anﬁ8t§n€Fyiﬁﬂéﬁ?#% *n éﬁﬁﬁF MG
path of the base pipe, those skilled in the art will recognize that

ot her tyﬁ%E“bflﬁI@%ﬂpﬁ%ﬁ¢eﬂ%F%ﬁntEEHH?ﬁHe?eEBﬁFd2éPteﬁﬁéFgﬁéﬁ§ fratbe
used. For exanple, as best seen in figure 8A, a sand control screen
assenbly 4%F i 9% PoRAI ng TEenfilgieat it tUiatMarbeei 63nGEE nerpmes tdPlehe
present invention and is generally désignated 200 is depicted. Sand
control sEween assesmrd 200 unwéhbdesdbasslpi a2 thatredahinedadds
internal flow path 204. Base pipe 202 has a plurality of openings
206. Posidan oheddar ahad base pepeid@2ried, a rpwglacdislde omt eegdh lcaperd
208. Swel |l able material layer 208 is attached to base pipe 202 by
bondi ng atarni heforfimzahloast eEhahquabobangand ofiie ol ilser een assenbly 200
includes a fluid collection subassenbly that is

[0082] 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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circunferentially distributed around swell able naterial |ayer 208 at
one or nore longitudinal locations and is depicted as a plurality of
tel escoping piston type fluid inlets 210. In the illustrated

enbodi ment, each of the fluid inlets 210 including a tubular nenber
212 having a plurality of perforations 214. Proximate a center point
of tubul ar nenber 212 is a discharge tube 216 that extends radially
inwardly from tubul ar nenber 212 through an opening in swell able

mat eri al $wyfc08faidipenrtig F0E ovebllerpi 3d 8202. A8 uplovm] ewden10
include a filter nmediumthat is disposed within tubular nenber 212,
di schar geswalbleak6 vatboidl Theefti 2@ dedixadiwmll weespagfiedor £luid
multiple |ayer sintered or unsintered nesh, steel or ceramc balls or
beads t hainmtys hElGi ater eddipl epackedandlyeshhfcedt ed sandston-like
conbi nati ons of the above and the |ike. [0082]In a manner simlar to
t hat desacfided- above, adandieonteobreetaengasaepblry 200 the rMdimation
downhole with swellable material layer 208 in its unexpanded

confi gur atd OPre+lon £ORMEELIoM E811ASsAChhyableBihlUkte %@h@&ga@oants
hydrocarbon fluid, water or gas as described herein, swella

mat eri al E@:}’e'fo%ﬁ%éthénéa@ﬁl'&é e%Ha’L‘iﬁ%ac@cS besh %@1%“ EBr&éQ%r’? 8Bn
such that the outer surface of swellable material |ayer 208 and

bul I I
open hol o %ﬁ%aﬂzﬂ‘%“é ”'fﬁ“&e R s 2@?35%?‘%0%% :
radially ﬁﬁﬁ%aé‘a%et 210! Qlféc]é a%%t% g radially gutyay Q' Lhed,tn
a pi ston- e nanner.’ 1N a o provi-drng suppor

formation, to vent for se and ci ng the entry poi nts
for formalTHET (iey Pf o8 R?OQCP%? SRS GFiati on, in this

enbodi nmen fluid inlets 210 provide a_plurali of substant| al

di rect pabﬁ?%(n f SrFeY i P ?E?t%a%%tﬁ?nFﬁ?irﬁSFePFoﬁ56§WHIQO§08f
base pi pe 202.

has been described as having f£luid inlets 210 formed in the
shape of a “T%, those skilled in the art will recognize
that other £luld inlets having other shapes could
alternatively be used and would be consgsidered within the
scope of the present invention. For example, as best seen
in figure 94, a sand control 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 guitable 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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[ 0083] Even t hough the sand control screen assenbly 200 has been
described as having fluid inlets 210 formed in the shape of a "T",
those skilled in the art wll recognize that other fluid inlets
havi ng ot her shapes could alternatively be used and woul d be
considered within the scope of the present invention. For exanple, as
best seen in figure 9A a sand control screen assenbly 220 that

i ncl udes base pipe 222 and swellable material |ayer 224 has a

pl ural i t yoasietidtlesdapeng pPét ornd ypsind i2dket 9£22825%r REPS n 22Re
shape of an "L". Specifically, fluid inlets 226 include a tubul ar
menber 228 Kewdissy @Plhest i ssenfipefionnei 6Bs ehaengr ectbrededdrpea
suitable filter nmedium 230 and a di scharge tube 232 that extends

radi al | y dgasanddlyy £AOm theoul amaiexieer B28et hpimegh24aA opmdhi reyeliable
swel l able material |ayer 224 and opening 234 of base pipe 222.

Li kew se ms#s=rhedt Seesari 24k gure 8B plarsdridycodf r aklsecepings sdson
240 that includes base pipe 242 and swell able nmaterial |ayer 244 has
a plural igypeof fieligscaplagspi sion toped | Uind ithket sh2dé fof med iyt he
shape of a "U'. Specifically, fluid inlets 246 include a tubul ar
nmenmber 2%&&\@1&&1%9! unaliid i rafetRerfer aticansid Ratu g a6oWRned % 43
suitable filter nmedium 250 and a pair of discharge tubes 252 that
extend raghally Lnyatdby;fyomd gp&%rm 2A8: t hraugl,.Qneni ngs in

swel |l abl e material "l ayer 244 and a pair of opening 254 of base pipe
242. Furter b ep_lsq. LI gur.e copt n
assenbl y %%Otatkﬁl}t ?%%tf%geglegggé %‘l%p?e %‘g‘jz %n S\%el(?gbfiggﬁgfc({é?lgalt aefer
264 has uralit f_tel escaopi,ng .pi st type fluid inlets 266
f or med i%ﬁﬁ%eé% Epéxg?nénraaléagﬁe&QWﬁéﬁxy,é%?Tng“?ﬁ*%ﬁsmﬁﬁéefngﬁﬁde
a tubul ar_nmenber 268 having a plurality of perfqrations that are .
covered HyEPUH BRI dt) SHAIERLmIRCETI70 JATSFNAEE APScRargeT
tubes 272 that extends radially inmardlg from tubul ar nenber 268
t hrough SPerfPRRFSIIN %kl PabPasS¢eP Pt af*¥ ayeFUPERSANnd28pERFRgESSR4 16f
base pipe 262. Accordingly, it can be seen that fluid inlets that
provi de drigwre e &i ¥ R Frersrers Wi ttdagntiec lyges
internal flow path of a base pipe can take many shapes or
confi gur &dssns pieech262 wandh swellodnsi dewdegrtielbelavehi ikdhe ssope
of the present invention.
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 palr of sultable 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 internal flow path of a base pipe can take many
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[ 0084] Even t hough the sand control screen assenblies 200, 220, 240,
260 have been described as having fluid inlets that radially outward
shift in a piston-like manner, those skilled in the art wll
recogni ze that other techniques may be used to radially extend fluid
inlets which would be considered within the scope of the present
invention. For exanple, as best seen in figure 10A, a sand control
screen assenbly 280 that includes base pipe 282 and swel | abl e
materi al $ares 284 ResfagpraraPrey eRch| of bikldh upbei mpasddeged to
formed in the shape of an "L" in the running configuration. Fluid
inl ets 28& imidihide the wogiper ofeirber p288ehavimgent pduural ity of
perforations 290 and a di scharge tube 292 that extends radially

i nwardly fo@l ubulEaremenhengB88&Henr sagh atoroperli ngeraeswaeldsadnlbd i es
material | ayer 284 and opening 294 of base pipe 282. Afilter nmedium
of a typex@h scussed zboye 2rny hevdi fpeseddsbdhied ukid anavenders1288,
di scharge tube 292 or both. Fluid inlets 286 also include a pair
flexible jidds ARG 228 ahiEhanhancedite abi |d tps ot UBWamMRERer
288 to contact the wellbore 300 when swellable material |ayer 284 is

activat ed;n e begti sean itnfigHee 40E 9985k Retgnria0 %étt tQther
figure 11, therein is depicted a sand control scréen assembly in its

runni ng_cRflenald Ofalnahe ehat esopring ples d@;tgﬁa PERSEN! inlets

i nvention and general ly designated 3 control scree

assenbl y %a ﬂ n&é,]&'ﬂ&s]iga%%n@;_@%ﬂféﬁz v«{lr&%tlnd%:fﬂenegccgg ek l rese

path 314. Se prpe 3 daral 'ty of openi 05|t|one
around base 1:oe 312 S a smellable rial 318 | 1 abl e
material tayet 38 is At teéﬁawg’&etoaﬁars% % ﬁ?%‘li fll%lﬁt?l r 2R
sui tabl e techni_que. Sand control screen assenbly 310 includes a fluid
col | ect i OTPEHHs SEHASP (RS Y358 eﬁFF&PﬁFSdP§FF|@&P@dzégoﬁﬁé
swel |l abl e material |ayer 318 _at one or nore |ongitudinal |ocations
and i s depfet’éPles Bbeutal i dpyer t3%stdpi fg ny’%ﬁf%lt‘ﬂyp@ff Ifdisgible
inlets 320. In the illustrated enbodi nent, each of the fluid inlets
320 i ncl Ui aipdpbFar2dfentermgd?2 avirhg £ing abitt yaof “pér f bt athens
324. Proximate a center point of each tubular nmenber 322 is a

di schar gerwubieB2&n fiagursitiends rBtesd | ynlewar 88§ finohutabal dubndatrer
322 through an opening in swellable material |ayer 318 and one of the
openi ngs hfocayf Ba8e lpivimg3la. rRhukadikrl etfs B20fonatuidesa 20l tad a
medium that is disposed within tubular menber 322, discharge tube 326
or both. dhe-Hdddeer tubdi upppaytihe: arktehdsherhill & BIy methwa € 1S USTO6M

tubular member 288 through an opening in swellable 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 pair flexible joints 296, 298
which enhance the ability of tubular member 288 to contact
the wellbore 300 when swellable material layer 284 1is

activated, as best seen in figure 10B.
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herein including a single or nmultiple layer sintered or unsintered
mesh, steel or ceramc balls or beads that may be sintered, prepacked
or resin coated sand, conbinations of the above and the |ike.

[ 0086] Each fluid inlet 320 also includes a fluid flow control device
328 that is disposed within discharge tube 326. Dependi ng upon the
desired operation, fluid flow control device 328 nay take a variety
of forms. For exanple, it may be desirable to tenporarily prevent
fluid flol@d8Rough Raferdingl ewex32 Fhoers sléarsrg,he#”?a?ld ip| slerdeiedol
devi ce 328 may be a di ssol vabl e, renovabl e or shearable plug forned
from sandt s1d | copbrolal serermimasgemdlor irheltls kewsrinem e igyredssnr e
activated device such as burst disk. As another exanple, it may be
desi r abl ehtag pewbedics| prdnkdapdeentas t hke f premendn duweamygidn gind is
pressure operations internal to sand control screen assenbly 310 in
whi ch cagmneddalily fdemigtent=dol3 1devi @l &amyrdle screrer \s@sewdllye 3010 a
check valve. In a further exanple, it my be desirable to control the

rate of praduelidsorbasy opspadicantdmelt stdeassenbhyeddfli A1vhi ¢hath
case, fluid flow control device 328 nay be an inflow control device

such as &10zz| epadef |1§’i’ﬁé uba,> ana8r iii Cﬁﬂ.lﬁralqtt@er ofl O&bé&ﬁigfé ctkals..

As yet another exanple, it my be desirable to control the
Positioned around base pipe 312 is a swellable material
layer 318. Swellable material layer 318 is attached to
base pipe 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 1is depicted as a plurality of telescoping
piston type £fluid inlets 320. In the illustrated
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 1s 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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type of fluid entering sand control screen assenbly 310 in which
case, fluid flow control device 328 may be a production control

devi ce such as a valve that closes responsive to contact with an
undesired fluid, such as water. Such valves may be actuated by a
swel | abl e material including those discussed above, organic fibers,
an osnotic cell or the like. [0087] Referring next to figure 12,
therein is depicted a sand control screen assenbly in its running
confi gur ate%Rin hancéuBodvest pFiRglpl & oMul hePpe edenvteri nYERES oA and
is generally designated 330. Sand control screen assenbly 330

i ncl udes Wasintyssl 38slandsteel nper cslreeve 384 tshatr de¢rdesthat may
internal flow path 336. Base pipe 332 has a plurality of openings
338. Posilte oaeédtaredndphapecpefde c332resim swetédblserndnt erdrddirnaayemns
340. Swell able material layer 340 is attached to base pipe 332 by
bondi ng asf aitherakaiid ablce thechakgue. Sand control screen assenbly 330
includes a fluid collection subassenbly that is circunferentially

di stri but pshegound sl | gthh 3 nehest abobayalsS4th@tude Hr £MOLE flow
| ongi tudi nal |ocations and is depicted as a plurality of telescoping

pi ston typgdld dysol &2 53342Hp the alé§§éé@1%Qtﬁﬂ@oéhgéﬂhrg@aQ%H@
the fluid inlets 342 including a tubul ar” nenber 344 having a

plurality; of pepLlgrafi ens L%:h PhoX| §BS £-&4 C%?Je%t@%la\s radlg?chflow

t ubul ar ne er 344" 1s a arge tube 348 that exten

mterial THEO 3400k gﬁﬂé’féf e SsRrae E N bate BB §§'ze
bt " LT B M B B LR iy
mul 1 p Zfﬂé@%rié'r%&%ﬂ%‘fb?dd' SHiRer ot treah InsUOR® of ter af 01 Balie

beads that may be sintered, prepacked or resin_coated sand,
conbi nat i GEISL t KEVAK6ve3aRd T3e Ifkea 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 intermal to sand contreol screen assembly 310 in
which case, fluid flow control device 328 may be a one-way
valve or a check wvalve. In a further example, 1t may be
desirable to contreol the rate of production into sand
control screen assgembly 310 1in which case, fluid flow
contrel device 328 may be an inflow control device such as
a nozzle, a flow tgbe, an orifice or other flow restrictor.

Ag yet another example, it may be desirable to control the
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[ 0088] Di sposed between base pipe 332 and sl eeve 334 is a pair of
fluid flow control devices 350, 352. As descri bed above, depending
upon the desired operation, fluid flow control devices 350, 352 nmay
take a variety of forns including in any conbi nati on of dissol vabl e,
renmovabl e or shearable plugs, a burst disk, a one-way val ve, a check
val ve, a nozzle, a flow tube, an orifice or other flow restrictor, a
val ve that cl oses responsive to contact wwth an undesired fluid and
the |ike.tyme ceft Blwi@npoEeheng sSagfleePBLB8Y FSreeRp@apeabpy 310 in
mechani cal or chem cal nmeans such that the operation of fluid flow
control devides @5E, 35 wiah el saldrdgdadlf deviiced. 32B008@yRefer r iang
to figure 13A, therein is depicted a sand control screen assenbly in
i ts runnipmwpdarnficgur abnormofihafleeiedi escipr iasci pl esabdfet hehqr esdnises
invention and is generally designated 360. Sand control screen
assenbl y d6hHamahudesobasentpi@e 362h aanbegideagared nfiugdr e b tkat
defines an internal flow path 364. Base pipe 362 has a plurality of
openi ngs w2t hatsidd o Jdl dndyo RASEHEIMRELY he Sxdiardiile elatkasel
pi pe 362 and internal flow path 364. Positioned around base pipe 362

is a sweliqabhg it elde | BN S368 PRI, ablgammierdidledayen &dic
attached to base plpe 362 by bonding or ‘other suitable technique.

Swellabquﬁg; 3} X%L.368 has a plurality of openings 370 that
allows flu produc t hrough screen sections 372 to enter internal

0 e i, AR ST AA

filter SCUSSé erein and ar | UStra as havi

plurality of yers of. wire or fiber mesh including drain | ayers
e 111 | S b i AP SR ot ie GBFL ot st e B¢ oh
Pr ef er abl the thickness of swellable material |ayer 368 i s

optim zed—)i“ﬁiseﬁm]a%he% h®TdPSABLEF St shiie &3REFDE sjc"r‘éG‘é‘rF’a%’se%ﬁlyl%o
and the diameter of well bore 374 such that upon expansi on,

expl ai ned@AFEHRE L Ys HRSHGRETEA 2 3¢ni f SRk siRrdde b &ckess @&%@“@\%@1 P28l e

material |ayer 368 and
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 arxound 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 1s circumferentially
distributed around swellable material layer 340 at one or
more longitudinal locations and is depicted as a plurality
of telescoping piston type fluid inlets 342. In the
illustrated embodiment, each of the fluid inlets 342

including a tubular member 344 having a plurality of
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screen sections 372 with the surface of wellbore 374 is achieved, as
best seen in figures 13B and 14B. [0090]In addition to providing a
path for formation fluids to enter internal flow path, sand contro
screen assenbly 360 provides support to formation to prevent
formati on coll apse. Specifically, the shape and configuration of
screen sections 372 nakes the outer surface of sand control screen
assenbly 360 particularly conpliant which i nproves the contact

bet ween seawfamitials stiteen Rissdamisibe I60enen meindr mdft isashupgopular
radi al expansi on of swellable material |ayer 368. [0091] Referring to
figure 15wemkidrer @if iis depidisedangsandbeori4a®l that eemtasdemiadiiai liyt s
runni ng configuration that enbodies principles of the present

i nvent i oniravedrdlsy ge&memal tybdest gneiee x3804 4 Sartdrca@d r ah ssp@eing in
assenbly 380 includes a base pipe 382 that defines an internal flow

path 384 el lamplaimdlddni=af 1epeni na® 386 vt o low fdpdnd ke Pass of
bet ween the exterior of base pipe 382 and internal flow path 384.

Di sposed wysungipasespi.pe B82idsialbikt enomediundiss, Asikblusidatad,
filter medium 8 i ncl udes an outer perforated shroud, outer and

i nner draiylage; L ayeLsotbat wbéﬂfnatﬁﬁhﬁékvﬁleﬁgléfcsgzﬂé‘ r %ﬁ%ﬁar\yet e

filtration layer disposed therebetween having a relatively fine mesh.
348 or both. The filter medium may be any of the filter

media discussed herein including a single or multiple laver
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.

[0088] Disposed between base pipe 332 and sleeve 334 is
a palilr of £fluid flow control devices 350, 352. As
described above, depending upon 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 valve, a nozzle, a flow tube, an orifice or
other flow restrictor, a wvalve that closes responsive to
contact with an undesired fluid and the 1like. In certain
embodiments, sleeve 334 1s removable by mechanical or
chemical means such that the operation of fluid flow

control devices 350, 3252 can be disabled if desired.
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Positioned around base pipe 382 is a swellable material |ayer 390.
Swel | abl e material layer 390 is attached to filter nedium 388 by
bondi ng or other suitable technique. As illustrated, swellable
material |ayer 390 includes a plurality of bands 392 that extend
circunferentially around 360 degrees of base pipe 382. In this
configuration, swellable material |ayer 390 provides isolation
conpletely around nultiple sections of filter nmedi um 388 upon
activati ofP@9swel Redlea riiider @l figpee 303, ashpssinsddh PApifgedea
15B, which places swellable material |ayer 390 in contact with the
f or mat i organd ecpmsrebnicgeeat iamsenttiy ube of spaskerisigorcenfierursddlang
devices in conjunction with one or nore sand control screen

assenbl i eshea380embydbesr ediced pdeseloin hheeghrds@d@2] Wvdre: idn sand is
i nvention has been described with reference to illustrative

enbodi merjenerdlils, diescigratdean 360 .notsdrd entdetd-d1o dre-ceon Hadiadhliyn 360
limting sense. Various nodifications and conbi nati ons of the

i1l ustratinea euodbaeat pigs Weld, assobhet ehkediirentsgefethea, that
invention, will be apparent to persons skilled in the art upon

referenceid dhe gdesanicrtnan. Atou spaéﬂere,%&czre,laagée@%g@ thed hhe a

appended cl ai ns8 enconpass any such nodifications or enbodi nents.

Wat is (Elq;lxréﬁq.tiys:of openings 366 that allow fluid to pass between
the exterior of base pipe 362 and internal £flow path 364.
Positioned around base pipe 362 is a swellable material
layer 368. Swellable material layer 368 is attached to
base pipe 362 by bonding or other suitable techanique.
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 sections 372 may
be formed from a variety of filter media as discussed
herein and are illustrated as having a plurality of layers
of wire or fiber mesh including drainage layers and
filtration layers as well as a perforated outer shroud.
Preferably, the thickness of sgswellable material layer 368
is optimized based upon the diameter of sand control screen
assembly 360 and the diameter of wellbore 374 guch that

upon expansion, as explained above, substantilally uniform

contact between both swellable material layer 368 and
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1. A downhol e tool operably positionable within a wellbore, the

downhol e tool conprising: a tubul ar nenber; a swel labl e
material | ayer disposed exteriorly of at |least a portion of the

t ubul ar nenber; and a sensor disposed exteriorly of the
swel | abl e material |ayer; wherein, in response to contact with

an activating fluid, radial expansion of the swellable material |ayer
causes the sensor to be displaced toward a surface of the wellbore.
2. The dogifsite €eeliessréditt edltn chai murfgns eph ted 1bmadel abT4 1is

mat eri al

| ayer is disposed exteriorly of a blank pipe section of the

base pipgmmieved, as best seen in figures 13B and 14B.

[0090] In addition to providing a path for formation
fluids to enter internal flow path, sand controcl screen
asgsembly 360 provides suppeort to formation to prevent
formation collapse. Specifically, the shape and
configuration of screen sections 372 makes the outer
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.

[0091] 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 pipe 382 and internal
flow path 384. Disposed around base pipe 382 is a filter
medium 388, Ag 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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3. The downhole tool as recited in claiml wherein the swellable
material |ayer is disposed exteriorly of a perforated section of the

base pi pe. 4. The downhole tool as recited in claiml
wherein the activating fluid is selected fromthe group consisting of
a hydrocarbon fluid, water and gas. 5. The downhol e tool as

recited in claiml1l wherein, in response to contact with the
activating fluid, radial expansion of the swellable material |ayer
causes t ROSERsHIEd o2EBHREctPaTRe WEPRbot®2 1s a sgelipblgovitutelal
tool as recited in claiml wherein the sensor is selected fromthe
group conkisei ngo6f a Fresdabéesarmd@mriad t bayper aBdPe sengsdikached to
pi ezoel ectric acoustic sensor, a flow neter, an accel eroneters, a
resi stivitiyltsensoediamvéBécity sendors end chhwei ghiltsdisortechniquer.,
The downhol e tool as recited in claim1 wherein the sensor further
conpri sexaa fillexteptied,sessel lable material layer 390 includes 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 medium 388 upon
activation of swellable material layer 3%0, 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.
[0092] 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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8. The downhol e tool as recited in claim1l wherein the downhol e tool
is a sand control screen assenbly. 9. The downhol e tool as
recited in claim8 further conprising a fluid collection subassenbly
di sposed exteriorly of a swellable material |ayer and wherein the
sensor is operably associated with the fluid collection subassenbly.
10. A nethod of installing a downhole tool in a wellbore, the nethod
conpri si ng: . runni ng the downhole tool to a target l|ocation

wi t hi n t f&atellsberléimede Idownhol e t ool including a tubular nmenber, a
swel |l abl e material |ayer disposed exteriorly of at |east a portion of
t he tubul ar nmEnber Fandownikehs ortodils posedaleky epiosiltycohbilhe witgiirabke

mat eri al

| ayer;
wellbore, the downhole tool comprising:

a tubular mewmber;

a swellable material layer disposed exteriorly of at
least a portion of the tubular member; and

a sensor disposed exteriorly of the swellable material
layer;

wherein, in response to contact with an activating
fluid, radial expansion of the swellable material layer
causes the sensor to be displaced toward a surface of the

wellbore.

2. The downhole tool as recited in claim 1 wherein
the swellable material layer is disposed exteriorly of a

blank pipe section of the base pipe.

3. The downhole tool as recited in claim 1 wherein

the swellable material layer is disposed exteriorly of a

perforated section of the base pipe.
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contacting the swellable nmaterial |ayer with an activating fl uid,;
radi al |y expanding the swellable material |ayer in response to

contact with the activating fluid; and di spl aci ng the sensor
toward a surface of the wellbore in response to the radi al expansion
of the swellable material |ayer. 11. The method as recited in

claim 10 wherein the step of radially expanding the swell able

mat eri al

| ayer in response to contact with the activating fluid

further conpribsesTOMAEHHNG thols\ad |zt id athtiey idlaimyle rwhgneimgtthe
| east one of a hydrocarbon fluid, water and gas. 12. The
met hod asa¢eivateidid ntlobiad mslawrrted v sthep afouti spiredistgnchef a
sensor toward a surface of the wellbore in response to the radi al
expansi ompirdderkgwel|filablde matteri ahdl gger further conprises placing
the sensor in contact with the wellbore in response to the radi al
expansi on of the swellable material |ayer.

5. The downhole tool as recited in claim 1 wherein, in
response to contact with the activating fluid, radial
expansion of the swellakle material layer causes the sensor

to contact the wellbore.

&. The downhole tool as recited in claim 1 wherein the
sengor is selected from the group consisting of a pressure
gsengor, a temperature sensor, a piezoelectric acoustic
gensor, a flow meter, an accelerometers, a resistivity

sensor, a velocity sensors and a weight sensor

7. The downhole tool as recited in claim 1 wherein the

sensor further comprises a fiber optic sensor.

B. The downhole tool as recited in claim 1 wherein the

downhole tool is a sand control screen assembly.
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13. The method as recited in claim 10 wherein the sensor is selected
fromthe group consisting of a pressure sensor, a tenperature sensor,
a piezoelectric acoustic sensor, a flow neter, an accel eroneters, a

resistivity sensor, a velocity sensors and a wei ght sensor 14.
The nethod as recited in claim10 wherein the sensor further
conprises a fiber optic sensor. 15. The method as recited in

claim 10 further conprising operably associating the sensor with a
fluid collectiton Shpassemblo)edi Epokedsextatitd yinf allsdmswl| |fapitder
material layer. 16.A sand control screen assenbly operably

posi ti onabpeowiigimion aawel IFBuid, t heldanticont rekbasyedn asseahisppsed
conpri si ng:
exteriorly of a swellable material layer and wherein the
sensor 1s operably associated with the fluid collection

subassembly.

56



a base pipe having at | east one opening in a sidewall portion

t hereof, a blank pipe section and an internal flow path; a
swel l able material |ayer disposed exteriorly of the blank pipe
section of the base pipe; a sensor disposed exteriorly of the
swel | abl e material |ayer; a fluid collection subassenbly

di sposed exteriorly of the swellable material layer and in fluid
communi cation with the internal flow path via the ogening; and
a filter medi Ui opd¥ aBlefFhgssoef at BaSkEt hiithe Ssaf@WESRL ol Rt eeir 2
assenbly and disposed in a fluid path between the exterior of the
sand contwellymreertivs swbblof aparrhsingternal flow pat h;
wherein, in response to contact wwth an activating fluid, radial
expansi on of tihewrsvwed | i edomatlerlal téayetocausesgat |leastt i@nporittihom
of the fluid collection subassenbly and the sensor to be displ aced
toward a tshy facEllodrd hetivelddvaitenle tool including a tubular mewmber,
a swellable material layer disposed exteriorly of at least
a portion of the tubular member and a sensor disposed
exteriorly of 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 the sensor toward a surface of the wellbore

in response to the radial expansion of the swellable

material layer.

11. The method as recited in claim 10 wherein the
step of radially expanding the swellable material layer in
response to contact with the activating fluid further
comprises contacting the swellable material layer with at

least one of a hydrocarbon fluid, water and gas.
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17. The sand control screen assenbly as recited in claim 16 wherein

the activating fluid is selected fromthe group consisting of a

hydr ocarbon fluid, water and gas. 18. The sand control screen

assenbly as recited in claim 16 wherein, in response to contact with

the activating fluid, radial expansion of the swellable materi al

| ayer causes the sensor to contact the wellbore. 19. The sand

control screen assenbly as recited in claim16 wherein the sensor is

sel ected fromihe ghsupmebnedstEisngretitedr éssugbatenddr wherein the

tenperature sensor, a piezoel ectricacousticsensor, afl ow neter, an

accel er onetew s ofa déspsa¢ivigy Wenseensarvefaowitd sensvrfaand <& wehght

sensor 20. The sand control screen assenbly as recited in

cl ai m 16 wéielmime t hien seressgrorfaer t her adnpr irsetlad f idpaneibnc o€nsahe
swellable material layer further comprises placing the
sensor 1in contact with the wellbore in response to the

radial expansion of the swellable material layer.

13. The method as recited in claim 10 wherein the
sensor is selected from the group consisting of a pressure
sensor, a temperature sensor, a pilezoelectric acoustic
sensor, a flow meter, an accelerometers, a resistivity

sensor, a velocity sensore and a weight sensor

14. The method as recited in claim 10 wherein the

sensor further comprises a fiber optic sensor.

15. The method as recited 1in c¢laim 10 further
comprising operably associating the sensor with a fluid
collection subassembly disposed exteriorly of the swellable

material layer.
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21. The sand control screen assenbly as recited in claim 16 wherein
the sensor is operably associated with the fluid collection
subassenbl y.

16. A sand control screen assembly operably
positicnable within a wellbore, the sand control screen
assembly comprising:

a base pipe having at least one opening in a sidewall
porticen thereof, a blank pipe section and an internal flow
path;

a swellable material layer disposed exteriorly of the
blank pipe section of the base pipe;

a sensor disposed exteriorly of the swellable material
layer;

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

a filter medium operably associated with the sand
control screen assembly and disposed in a fluid path
between the exterior of the sand control screen assembly
and the internal flow path;

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 sensor to be displaced toward a surface

of the wellbore.
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17. The sand control screen assembly as recited in
claim 16 wherein the activating fluid 1is selected from the

group ceongisting of a hydrocarbon fluid, water and gas.

18. The sand control screen assembly as recited in
claim 16 wherein, in response to «contact with the
activating fluid, radial expansion of the swellable

material layer causes the sensor to contact the wellbore.

19. The sand control screen assembly as recited in
claim 16 wherein the sensor is selected from the group
consisting of a pressure sensor, a temperature sensor, a
piezoelectric acoustic sensor, a flow meter, an
accelerometers, a resistivity sensor, a velocity sensors

and a weight sensor

20. The sand control screen assembly as recited in
claim 16 wherein the sensor further comprises a fiber optic

Sensor.,

21. The sand control screen assembly as recited in
claim 16 wherein the sensor is operably associated with the

fluid collection subassembly.
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