SAND CONTROL SCREEN ASSEMBLY AND TREATMENT METHOD USI NG THE SAME Thi s
invention relates, in general, to sand control and fluid | oss prevention
and, in 5 particular, to a sand control screen assenbly having a seal
menber that prevents fluid loss from the interior to the exterior of the
sand control screen assenbly following a treatnent process performed within
a production interval. It is well known in the subterranean well drilling
and conpl et i t _relative fin rticul ate erials nmay_he
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the fine particulate materials carried in the hydrocarbon fluids. As such,
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gravel pack completion, a sand control screen 1s lowered into the wellbore on a work string to a

position proximate the desired production interval. A fluid slurry including a liquid carrier and

20 a relatively coarse particulate material, such as sand, gravel or proppants which are typically

sized and graded and which are typically referred to herein as gravel, is then pumped down the

work string and into the well annulus formed between the sand conirol screen and the perforated
well casing or open hole production zone.

The liquid carrier either flows into the formation or returns to the surface by flowing

25 through a wash pipe or both. In cither case, the gravel is deposited around the sand control

screen to form the gravel pack, which is highly permeable to the flow of hydrocarbon fluids but

blocks the flow of the fine particulate materials carried in the hydrocarbon fluids. As such,

gravel packs can successfully prevent the problems associated with the production of these

particulate materials from the formation.



only results in the loss of the relatively expensive fluid into the
formation, but may also result in damage to the gravel pack around the sand
control screen and the formation by, for s exanple, fracturing a formation
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reaching out into the production interval, an thereby increasing the reservoir permeability
in the fracture region. As such, the success of the fracture operation is dependent upon the
ability to inject large volumes of hydraulic fracture fluid along the entire length of the
formation at a high pressure and at a high flow rate.

25 It has been found, however, that it is difficult to fracture multiple formations
traversed by the wellbore that are within a relatively close proximity of one another. This
difficulty is the result of the complexity and length of the permanent downhole tools and the
associated service tools used to perform the fracture operation. Accordingly, if formations
are closer together than the axial length required for the permanent downhole tools and

30 service tool, then certain of the formations cannot be isolated for individual treatment

Processes. .
Therefore, a need has arisen for an apparatus and a treatment method that provide for

the treatment of multiple formations that are located relatively close to one another by

allowing the use of relatively simple and compact permanent downhole tools and service
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2-tools. A need has also arisen for an apparatus-and-a-treat nent-nmethod-that -----
allows for the gravel packing of one or nore production intervals while
preventing fluid loss into adjacent fornmations. The present invention

di scl osed herein conprises a sand control screen assenbly. and 5 nethod for
treating nmultiple formations traversed by a welibore. The sand contr ol
screen assenbly of the present invention provides for the treatnent of
relatively closely spaced. formations by allowing the use of relatively

si npl e and conpact permanent downhole tools and service tools. In addition,
the sand control screen assenply of the present invention prevents
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and fromthe exterior to the intéerior of the sand control screen assenbly.
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one-way val ve configtration and a valve open -configuration, the seal menber
i ncl udi ng a sphithgoneeval vadve coalipiration gherepitraembas @reyenin fkud less from the interior

to the exterior of the sand control screen assembly and allows fluid flow from the exterior to the

20 interior of the sand control screen assembly when the differential pressure between the exterior
and the interior of the sand c__ohtrol screen assembly exceeds a predetermined threshold. In the
valve open configuration, the seal member allows fluid flow from the interior to the exterior of
the sand control screen assembly and from the exterior to the interior.of the sand control screen

assembly.

25 In another aspect of the invention, there is provided a sand control screen assembly
comprising: a tubular member having at least one fluid passageway in a sidewall section
thereof; 2 filter medium positioned exteriorly around the tubular member deﬁhing a first annular
region with the tubular member; a housing positioned exteriorly around the tubular member
defining a second annular region with the tubular member; and a seal member positioned within

30 the second anmmlus, the seal member having a one-way valve configuration and a valve open
configuration, the seal member including a spring retainer, a biasing member and a shutﬂc
valve, the spring’ retaiﬁe‘f‘haviﬂg‘ ‘a"first position” relative-to-the-tubular member- when the-seal - -

member is in the one-way valve configuration such that the biasing member urges the shuttle
3
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val ve; the spring retainer having a first position relative-to the-tubular
menber - when the- seal nenber is in the one-way val ve configuration such
that the biasing nenber urges the shuttle 3 valve into a sealing position,
the spring retainer having a second position relative to the tubular nenber
when the seal nenber is in the valve open configuration such that the

bi asi ng nmenber does not urge the shuttle valve into the sealing position.
When the seal nmenber is in the one-way val ve configuration, the spring
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20 mechanically shifting the shuttle valve relative to the base pipe.

In another aspect of the present invention, there is provided a downhole treatment
method comprising a downhole treatment method comprising the steps of: locating a sand
control screen assembly within a production interval of a wellbore; pumping a treatment fluid
into the production interval; allowing fluid returns to enter the interior of the sand control screen

25 assembly with a seal member including a spring retainer, a biasing member and a shuttle valve
of the sand control screen assembly that is in a one-way valve configuration; preventing fluid
loss from the interior to the exterior of the sand control screen assembly with the seal member of
the sand control screen assembly in the one-way valve configuration; operating the seal member
from the one-way valve configuration to a valve open configuration; and allowing production

30 fluids to enter the interior of the sand control screen assembly.

For a more complete understanding of the features and advantages of the present

invention, reference is now made to the detailed description of the invention along with the



30 fluids to enter the interior of the sand control screen assenbly. For a
nore conpl ete understandi ng of the features and advantages of the present

i nventi.on, reference is now made to the detail ed description of the

i nvention along with the 4 acconpanying figures in which corresponding
nunmerals in the different figures refer to corresponding parts and in
which: Figure 1 is a schenatic illustration of an offshore oil and gas

pl at f orm operati ng ? pair, sand control screen assenblies of the present
i nvent i oASCONMANHIREc TIgULES 17 M‘F‘thi sprrespendipaynymeralsofn shes slifderentn figures stefasety
assenbl y havi-Bddid ? G andB'PEEL.di sposed within a base pipe; Figures 3A-3D
are cross se tiong views of a sand control screen assenbly having a seal
menber corrpr | Figge & 1ph scheimatiy ilbfstation whyn viithoes il Rhd)gasepldiforsn apeeatifSa pair of
sect i onal eM/oLFa sand c ntr? screen, assenbly wherein the seal 10 nenber

conpri se§ ngrebpqresn aspemblifg of the pyeseat MVPROR; ¢ oss sect i onal vi ew of an
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wherein the s conpri ses I ng sl eeve; Figures Cross
sectionalmmmlmwdmpomd\althmlar’oaSQplpaj)odl ment of a sand control scr een assenbly

of the presen |nve wher ei n t he seal nbe ri ses ng sleeve
15 Figures 7AF: i Al o Codispivp W&M?gfsé%{&%t Do SerEbl e ¥
sand con%@ﬁberggﬁlgﬁgnggﬁﬁm Oqfongmz%g,%@nt i nvention wherein the seal

menber conprises a slrding sleeve; igureé 8 is a front plan view of the
i nternal strudligure 401‘8 @ Aroas sentionaleviewbafd st camtroh sgragrd assomblyoivhereirethe seal

asse of the resent ny.enti on wherein the seal nenber conprises a

sl i dmgyﬁe@&% OIS ! @Y i Q%"@re cross sectional views of the enbodi ment
of the sand cEphrek is8LRRAY se@l%ﬁﬁrmw oPhin Emayalﬁleﬁt b éé%ﬂ'c@ﬂéol%&'eh'a%ﬁrbl of
Figure 10 is a half sectional view of a downhole gro uction envi ronrrent

i ncl udi n@heaptpmnt inventigzawhietenrthe o¢al sembencempusebisddingsfeeyes a downhol e
treatnent pro
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Is a half sectional view of a downhol e production environnent including a

pair 168f sand Fdgnes o0-8E pretrosssnstibnal adewiupl am akiersaie ombodimend offa sandsantiel e
:); ggbgflngn eng/élesgrﬁﬁlr}@fq}ilé eﬁgfl& n§v§gt1(r)11§1 wi'ltrzr%iancthe K me\ﬁ{bee\rNcgr];lpr?seg% 191ng sleeve;
Figure 8 is a front plan view of the internal structure of an alternate embodiment of a
sand control screen assembly of the present invention wherein the seal member comprises a
sliding sleeve;
20 Figures 9A-9D are cross sectional views of the embodiment of the sand control screen
assembly of Figure 8 in various positions;
Figure 10 is a half sectional view of a downhole production environment including a pair
of sand control screen assemblies before a downhole treatment process;
Figure 11 is a half sectional view of a downhole production environment including a pair
25 of sand control screen assemblies during a first phase of a downhole treatment process;
Figure 12 is a half sectional view of a downhole production environment including a pair
of sand control screen assemblies during a second phase of a downhole treatment process;
Figure 13 is a half sectional view of a downhole production environment including a pair
of sand control screen assemblies during a third phase of a downhole treatment process;
30 Figure 14 is a half sectional view of a downhole production environment including a pair
of sand control screen assemblies during a fourth phase of a downhole treatment process;
Figure 15 is a half sectional view of a downhole production environment including a pair

of sand control screen assemblies during a fifth phase of a downhole treatment process;
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of sand control screen assenblies during a third phase of a downhol e
treatnent process; 30 Figure 14 is a half sectional view of a downhol e
product.i on environnent including a pair of sand control screen assenblies
during a fourth phase of a downhole treatnent process; Figure 15 is a half
sectional view of a downhol e production environnment including a pair of
sand control screen assenblies during a fifth phase of a downhol e treatnent
process; 5 Figure ectio V|e of .a downhol e produc

envi ronment i &4 ﬁbﬁ %h%£§e'fc 10 ivéeéf‘ﬁa %8?.‘{’?12)9 PROARE LIV RRERLIN }nlgé‘ Rair
si xt h phasanafcoatrooswrdealgsenitiat dRitig PEiRALSHIse 5f D86 Wnhble iréatMeRBprbeect i onal
view of a downhol e production environpent including a pair of sand contr ol
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are discyssed Petall beI it shoul d be apprec ed that the present
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Referring initjally to Figure 1, a pair .of sand,contro creen assenblies
used ddring ¢ ARG M, it ome lsin ﬁ? SR PP Ol dhd. e, HpvEnigr, gree
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cent er ed applarable paentivef cagbpte rvgach oar bamm@dmdfmramud&mmem of ]sﬁedlﬁcabntdxts
bel ow a ea fl.oor 18.. A sea ndui t 20e nds fro ck 22 of the
o at f o m1TS PP sebpltpt R SRRt el rorme TEF e ioptsitvass W arkom
26. Pl at Q& thelgvdiidn BarldUoSiot ﬂ&llﬁﬁ@l@éﬁbﬁéogﬁe%Meﬁ inét@fibhck 30 for raising
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Referring imtially to Figure 1, a pair of sand control screen assemblies used during the

treatment of multiple intervals of a wellbore in a single trip and operating from an offshore oil
and gas platform is schematically illustrated and generally designated 10. A semi-submersible
platform 12 is centered over a pair of submerged oil and gas formations 14, 16 located below a
sea floor 18. A subsea conduit 20 extends from a deck 22 of the platform 12 to a wellhead

25 installation 24 including blowout preventers 26. Platform 12 has a hoisting apparatus 28 and a
derrick 30 for raising and lowering pipe strings such as a work string 32.

A wellbore 34 extends through the various earth strata including formations 14, 16. A
casing 36 is cemented within welbore 34 by cement 38. Work string 32 includes various tools
such as a sand control screen 40 which is positioned within production interval 44 between

30 packers 46,48 and adjacent to formation 14 and sand control screen 42 which is positioned
within production interval 50 between packers 52,54 and adjacent to formation 16. Thereafter, a
treatment fluid containing sand, gravel, proppants or the like is pumped down work string 32

such that formations 14, 16 may be sequentially treated.
6



A wel | bore 34 extends through the various earth strata including formations
14, 16. A casing 36 is cenented within wel bore 34 by cenent 38. Work string
32 includes various tools such as a sand control screen 40 which is
positioned within production interval 44 between 30 packers 46,48 and
adjacent to formation 14 and sand control screen 42 which is positioned

wi thin production interval 50 between packers 52,54 and adjacent to

broppante or ENEHERE iR AR ROl R BLEE B985 bae BTt o
14, 16 maatBe S0deeRirblakeén bERATALS oOthEpRReANAUIoRlafldRally dRRLsalted for use in

vertical well, it should be noted by one skilled in the art that the sand
control giledavimgsuhtsl diesstiofal tamisniatiessesichi asvdeniatahwells ieginat |wellsair| hosizonted

for use in., wells havi ther directional i entations.sych devi at ed
wel 15 i EimatisneF T BPul Fiban PR AR R PriaBA: it ok B gaied By one
depi ct S apillefifif R artoRsy dkisand cbhtrdihRided RErMl8btike PRAem BbhtldA0ark RqbilE
art that the sand control screen assenblies of the présent invention are

equal |y weadl-suitedifereupefip pnshoge pperafinnordse seemthougls Figaresb depiote iwe HormrgitioRs, dur e

1 depict or. mat i ] haul d under st.00 ope _skilled in the art
that t he PR Sec R BRE by oo, PORKL T M A B HC ey ety hE prlienf
wel | - sui tigebntion aws?um'l;t WeBRMited 6D ge With hay AMhbaT formafiehsi ng now to Figure 2
therein is depicted a nore detailed illustration of a sand 10 contr ol
screen assenblRefersing oys to fFagure dathsrain is sapiciedm mesire sietailed iHysfeation yofsp sed

Fi gur . n n C n_assenhl v..40_ incl S a | pe as
a pl u(rele(l)l1 i ? (glf &5%§n%51§§b%8 E&%n?sc Egraﬁ%%l?’hseahglc&}){vgglf cher:egl usgff'rﬁi?)l& ﬂsgt; g&%%en? o]

sand contSaall ceffrelestrésseRbhblyMD inth@leexanke fpi}:ierr!ramlthat $ag @ Fa[lighaPepdiings 58
openings 58 are not critical so long as sufficient area is provided for

fluid proviieh aBawathe flave of preducties, fyidspiate saidoontio] sereempssembhedl. {Brespaeed
b n oo e . e . . _
2; OmTeunt ri %Slmb?*ﬁ%es rd= %ﬂﬁeegf %@H‘g& isﬁ%ff%&%"?&%?gt%@é’gé%3“@%%“%2%2 r‘%ﬁ""ﬁ‘r‘lgd for

depi ct ed fhfd pandcnign and YHe intgtityadf bascosipe 56 éohaigtainddowever, it shoul d be
under st ood by one skil I(gd in the art that s 60 _may alternatjvely havlf a
Y

rggt angul ar oroPRFFhLAGHR PaSEP%é%iéetnhgﬁmarorf% REP. Ribs thire egagalbt sypmetrica
f a2 . . oTe X _
exact nurioupd aBRUE 2 REPRER RibsHCare Soblcfll dhhilfe SLliddiRh LB

56 as welskctam, hoWweverdie shapid bhandartteod by ioas skitled irathe ariethht rikdysonmay altdreativeitst .
W apped around ribs 60 is a screen wire 62. Screen wire 62 fornps pluraljty
of tur ns,ha¥pfectaeuason tfwg_aﬁa CHO} #FCHBn OBRIAEBHIAB OB h Addiarally. gt §10ng
through wii \ﬁﬁelfsafoaaary S dkitddn thd SVehat AREAETRGAbE Tof 1 88 vATlthel deitBiRt upon
between the turns are determ ned based upon the <characteristics of the

f or mat2(orthé dmetdri aftbab¢ pipg J6sasvetlhgs ptheddesigh almdtadibristics tlet afe whig kgpwueh tho

art. Wrapped around ribs 60 is a screen wire 62. Screen wire 62 forms a plurality of turns, such

as turn 64 and turn 66. Between each of the turns is a gap through which formation fluids flow.

The number of turns and the gap between the turns are determined based upon the

characteristics of the formation from which fluid is being produced and the size of the gravel to

25 be used during the gravel packing operation. Together, ribs 60 and screen wire 62 may form a

sand control screen jacket which is attached to base pipe 56 by welding or other suitable
techniques.

A one-way valve 70 is disposed within each opening 58 of base pipe 56 to prevent fluid

flow from the interior to the exterior of the sand control screen assembly 40. One-way valves

30 70 may be referred to collectively as a seal member 68. Preferably, one-way valves 70 are

mounted within openings 58 by threading, stamping or other suitable technique. Ball and seat

type one-way valves have been found to be suitable, however, other types of one-way valves

may also be used including poppet valves, sleeve valves and the like. One-way valves 70
7
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25 be used during the gravel packing operation. Together, ribs 60 and screen
wre 62 may forma sand control screen jacket which is attached to base
pi pe 56 by welding or other suitable techniques. A one-way valve 70 is

di sposed within each opening 58 of base pipe 56 to prevent fluid flow from
the interior to the exterior of the sand control screen assenbly 40. One-way
valves 30 70 nmay be referred to collectively as a seal nenber 68.
Preferably, one-way valves 70 are nmounted w t hin openi ngs 58 by threading,

st anpi ngpisvenstitiad fram thetipierion toude ertgrior gf dangeeantrof yereervprsembly 4handoare
have beep..f ' r t . f - val v y
Dot bo MR IRl BuRHOD B, HIBURHRY 1o B Aerby BE ST LofRl R KR 40
val ves 7@8ccofdingby ewtien dn-ofaf lvalwes r7onark heed nbietih tasé pigehss eXtsaid ebnted] seaded
control screen assenbly 40 and are actuable to allow fluid flow fromthe

oxt er | or ABTDHA) AUBAE RroICHeR AradusHon luids rase rllgwed i) §ow shrougle sandiicairg),

when oge; > Wl ase pi pe 56 of sand control screen
assenb?yscﬁgéﬁdﬁérgélﬁ{ngﬁgp%é% g’?]eeg%%%l&%%]?@n fluids are allowed to flow through
sand control Rafessitigaowas Figirt \3 A4 Qhérbinoid glepienel aveahdvadnueb scifen Rstmblyi thgt Bow
to Figure 3A, therein is depicted a sand control screen assenbly that is

gener al | gengallygdesiengted GRA- Sangt caiol serear assem by Spbgtentiglly idemigab iy sand) y
i dentica I i S:

contr ol - SRLEEREh atebly i SACARR AIVETR sind ot RE R PR AHOSIAL A, basc,
openi ngspip8,56ahgtihas alphirylitgfof bpdrsngsiR, aplwrhlityed xibaubt pieredeandvd soeeetiAvird 6.
Toget her, the ribs and screen wr 2 forma sand contral screen jacket. that
is at 40 eget Y riB b RO S @ﬁﬁafesww?gepwemam@h% s F#@FEusmg
sul t abl eclGRbRFIRPR bDFILRY bYld(sine EOGyRF QudbRAOSAGUEL NI N each opening 58
of base pipe 56 to prevent fluid ffowfromthe interior to the exterior of
t he sand cont Ome-vgayr edvesadBemtd disgosad vatlenwagh opaling $8 1dbanapigeeSt &f preved t o
col l ectiyel y,as seal . menber 68. Pref bl y,. one- val ves, 15 70A are

{1 ush oSO Do jpistionga e wsrian sl dheit, ool Sires srembRA0A L Ppgsr

t echni qUQalyeNGAVRYy BadBRed RAHIRYSAY dlatiddl tHeaWef 6OM ﬁr@t%rdbl}l, nk Qlayt faide
exterior of sand control screen asseibly 40A and are actuatadble to"all ow

f | ui d 16| GOAfare fushh soemtedrwidhintopenings b8 tbgrthreadiog, stamping eowthenisukahie tachnique.

assenbly 40A. Accor djnhgl n e- al.ves 70A, are, used.w t.hin se
o pe 56 Sheaimv A, JOF pipldfiig S05 KB %8 iniGe iR FRRE o SoBeE R
fluids apgemiblyou®A 4n@ ar€@cthi@lettbrAreahflgANGow I Phe SREQEM0AHS eRliYr 404ind
t hrough one-way val ves 70A. Fol | owi ng the downhol e treat ment processes

di scussedotrpl dereghn|asspsnblyy Aer dicpomlinglyd wheanogner waynvelyes i7BAeqre awsed gvithie base
exterior plopfe BFsasd Q&nrtr%ll sgrgénegsgerﬁgﬁam gmﬁ%’%r&éuc%ﬁﬁ,"p%%@cqibntfﬁl?ds are allowed to

20 flow through sand control screen assembly 40A through one-way valves 70A.
Following the downhole treatment processes discussed in detail below wherein fluid

flow from the interior to the exterior of sand control screen assembly 40A is prevented, the



8 WD 2004/ 097167 PCT/ U52004/ 008233 ability to flow fluids fromthe interior
to the exterior of sand control screen assenbly 40A nmay be desirable, for
exanple, to performan acid treatnment. Accordingly, one-way valves 70A may

be desi gnec{ghggqlﬂz{?gvzut or be rendered inoperabl e under ce@F%}d&zﬁ(ﬁmggbons

such that | ves 70A no longer prevent fluid flow fromthe interior
to the ext egbitity 0of flew fmids famttholinteter tm thesederinryoizand contrglisdearagsembly HOA
one-way val ves 70A have been (i er at e{I i nto t.$| | ock ., oyt %‘slition, fluid

flow & al | BEderdesRmbln ORI ior o RsTIoNS T3S FEpiuihy AceBieals P2y orelyes
the exteri Oﬁogfg%ﬁﬂg dsggaerd% 156K %ﬁﬂa%é%meye&%ge@& R el cdxﬂlﬁﬁrﬁgsﬁﬁt

one-way val ves AlS expose one-way valves 70A to a differentia

pressure ap@venéwayedbles7iiAned leigee piwed! fludl Rewefreinie rioterico thithecated®dy of

therein is depicted a sand contr screen ,assenbly that is en I

desi gnat ed %8, coBHRl SewsmR raﬁﬁer@i}f gbﬁ a éH‘b}I‘ §3§F§Ba¥%r %%gvﬁgn‘fa%ﬁFﬂi%vF o

sand cont Qe 688 ﬂ@%@lﬁ@ﬁ%’pﬁ%ndﬂﬁﬁ 1699 BHOVE AESBAB &x &P P theSRIERI and
udes )]

assenbl y 40@3‘3|r%tc ase pe 56 that has a plurality of openings 58, a

plurality ofomi B intedior tb cheregtirioand sendcsontiol swicee agsemblyg¥itherOng meethod of

and screen wire 62 forma éfnd @Rg.trol screen ‘Ivackgli t?&g | S fts agt ched

usi ng connelocking ast operwsyyalies JOASE IBXRRTCAMGVAY VAR VP dalifereriahprcstiee

One-way val vies 7%@.3&?&“@1 RAseELW thin each opening 58 of base pipe 56 to
B‘?odefaI W rom%he I nt

prevent fl 0 erior to the exterior of the sand control .
screen,@assenbl y ReBrifgeew vasigual 3B shetol indypiotedrasand reotitroloscozsh| agsanibig|tyatds

I nb 68. Pref bl y, - I 7 . . Wi thil
openi ngs. Sestsgrallvdsagngy Wba SHPRGoOr IS ASHRNS AU 26 S BLEL Sl tofend
i11uystrat ed%oq{a%ﬁg&tgg{l{,% el Q¥REVEE BOR z%ﬁlaﬁg f@oféﬁar@c%amsm@&omhexgdes

base pipe 5 g t hi ckness of the wa ase pipe 56, it may be

desirabl e tpasepipe Sthatbas aplimabsy FOWenings S&r e phuntlk of ribh frot pitured) ndd sdyasre
pipe 56. In this case,, it has, bee f ound _t hat. one- val ves 70B. xt end
into base pFpe 96 AREFHHEy ﬂIeeHB%émél ﬁ‘érelﬂﬁ nerc Bg ifglﬁrtét‘aeggl £ g\ég S%rlz?}éj%%&ug"# &
thirty,per C?cfhtchééﬂ EQR%EOIH@HIIOM%OC&% pipersisaly WwelnaRlor@thd: hgitdfe teoBhighésat i on or

operation of sand control screen assenbly 40B during treatnent or
producti on. Pref Gnatway, vabies-7aByare dispesed7gihingach epeieg 6B of baseahipel P te pegvest

base pipe 5§ . between about 1e I r I J apd.as
depi cted i ngﬂdgfg‘?‘%\%& abenlggw;ﬂ(\’/%%%t%é}gfn@g Sg]g&]é?%tﬁ\%se eﬁv?ng % %I n§ égg’h Bile
openi ng 58 gf, BaRres PhBendFbé eefaral entolldctivelyfdsavscht orentbiee 68 ntReefenibly, @nkheay
exterior 30 of the sand control_ screen assenbly 4%. One-way val ves 7QC may
be referredvalges 70B are mounted within openings 58 by ‘threading, stampmg or other suitable
20 technique. In the illustrated embodiment, one-way valves 70B extend from openings 58 into
base pipe 56. Due to the thickness of the wall of base pipe 56, it may be desirable to use
one-way valves 70B that are thicker than the wail of base pipe 56. In this case, it has been
found that one-way valves 70B may extend into base pipe 56 and may reduce the inner
diameter of base pipe 56 up to thirty percent without having a detrimental impact on the
25 installation or operation of sand control screen assembly 40B during treatment or
production. Preferably, one-way valves 70B may reduce the inner diameter of base pipe 56

between about ten and thirty percent.
As an alternative and as depicted in figure 3C, one-way valves 70C may be disposed
within each opening 58 of base pipe 56 to prevent fluid flow from the interior to the exterior
30 of the sand control screen assembly 40C. Omne-way valves 70C may be referred to
collectively as a seal member 68. Preferably, one-way valves 70C are mounted within
openings 58 by threading, stamping or other suitable techmque. In the illustrated
embodiment, one-way valves 70C extend from openings 58 outwardly from base pipe 56

toward screen wire 62. In his embodiment, the ribs (not pictured) must be positioned around
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collectively as a seal nenber 68. Preferably, one-way valves 70C are nounted
within openings 58 by threading, stanping or other suitable technique. In
the illustrated enbodi nent, one-way val ves 70C extend from openi ngs 58
outwardly from base pipe 56 toward screen wire 62. In his enbodi nent, the
ri bs (not pictured) nust be positioned around 9 base pipe 56 such that

openi ngs 58 may receive one-way valves 70C that are thicker than the wall

of base E}fipe 56. é‘&? configuration, base pipe 56 retains its full bore
capabi | i {PR¥sPiPe I5r6ef’r”§ LOPEBiRgs ééyn%xe&ege POE WRyVA Yo r/dhsat pe 1Bigker than the

di anet er LIRS [ it gan
al t er nat |V€%l gﬁggse%%gp?égt gg I n c%bn?igﬁféh Gz&e aa;sav%%%sgﬁ borég‘éﬁ 5X lgt%eosed
Wi t hi n edeéfempbnione veg valveb J6€ ma)pmcﬁﬁset themueardmdtd:nnfdaa{sé pwefﬂﬁdmtwm about
interior to the, exterior of the sand control screen assenbly 40D. One-way
val ves YGﬁ?PéiJﬁB‘E' ted to collectively as a seal nenber 68. Preferably,
one- way val ve%?&%ﬁraﬁeﬁaﬁvém 0 deBi e CREYRISDOEneRNay b&l@@sdmﬂmay%e@oeai or
ot her suitable technique. In the i Iustrat ed enbodi nent, one-way val vés 70D
ext end 10vithweadh gpeamg Boibasd ipipef Toim pypemnt flgisl A6y &onbé@enwnpetosme emnbhoﬁ

Cuch t nathecapoBst iR sl Y05, ukisgy R VAL 80P rdRel e SlEckBY i

the val | <efl 1R@RKerH80 Prefrabky, ehe-m h¥lve® n@r)wm&sahtw%ﬂl@pomn sl SRUyARRGd B E
outer dianeter of base pipe 56 ween about ten and thirty percent and may

reduce tstenpingier otliemsnstab tecfhnimlse Ilptlpellﬁﬁratﬂdtmmmdlm@amnewaw walvest WD} extend

f f |t
and cshirBrabe i hIelBidh opfips &8 gLRGKSH P Shedh gharatporinétis iy Hs oo
screen ags@iRly mibt bOpbsitesedasend bR fife P olsénmgal 3¢ MaPlre@RRbRGFayP S
with screen wire 62 wapped therearound and attached to base pipe 56 wth

connect orveivgs 70B; tbpto@re@‘mvqu tthan bp evallrefha68 pipe H0aselorably, Dee-aag valyss (PR rmsy
of pl ugs élzgre N3he ok n{géf feel P i)%s&fpﬂ%\’\?% %t&%&{] 3 00[1)1?{0%\',\23% | Elsl?r&)gelgq[es £ Yiem?y reaGdd

menber This e ment . Sses

di scussedhé nmamlemdetafbasbehm(s tterexm a702>uatreﬁ and €iBY pékcéitom openi ngs 58 such
that production fluids nmay flowto the interior of sand control screen

assenbly 71. ARefgaingnonelp fmirafythersineg rﬁl@m@man@ltgr@gtwm@m cORtrelfRFesIAsseRblhe
t, 4
ke, TS Bl des iR 715 4l At SR IO, ERAR s pHES o bl

const r uctplemlityf offipegingd 38 with reedswite 62 rvarappedrberedroond am atmcded aabdsk \pipe 56
material such as aluminum an acid treatnent may be _used to renove plugs 72.

The aci d WHlyct@ectytnfre Pispased PHEM onreames P8 of b@S&ﬁapfe: ohafeq Plalibep! Rlugebibpt 71
where it ﬁ%vlelnt "tRAE o ttﬁ}oﬁé}? obaﬂﬁéé ¥& and serve as seal member 68 in this embodiment.

20 Following the downhole treatment processes discussed in more detail below, plugs 72 are

removed from openings 58 such that production fluids may flow to the interior of sand control
screen assembly 71.
Plugs 72 may be any conventional plugs known or unknown in the art, including metal
plugs, such as aluminum plugs, ceramic plugs or the like. The techniques used to remove plugs
25 72 will depend upon the construction of plugs 72. If plugs 72 are formed from an acid reactive
material such as aluminum, an acid treatment may be used to remove plugs 72. The acid may be
pumped into the interior of sand control screen assembly 71 where it will react with the reactive
plugs, thereby chemically removing plugs 72.
Alternatively, regardless of the type of plug, plugs 72 maybe mechanically removed. For
30 example, a scraping mechanism may be used to physically contact plugs 72 and remove plugs
72 from the openings 58. As another alternative, if plugs 72 are constructed from propellants, a
combustion process may be used to remove plugs 72. Likewise, if plugs 72 are constructed from

ftiable materials such as ceramics, a vibration process, such as sonic
10



pl ugs, thereby chemcally renoving plugs 72. Alternatively, regardl ess of
the type of plug, plugs 72 maybe nechanically renoved. For 30 exanple, a
scrapi ng mechani sm may be used to physically contact plugs 72 and renove

plugs 72 ég,ﬁ%&mﬁﬂpeni ngs 58. As another alternative, if pphl@SeddoRsS
constructe rom propel l ants, a conbustion process may be used to renove

plugs 72. Lidestione mayf bpusess oy reragve plags72uc s iidher pltsrapiies, mlves 73| mag deh

as ceramcs, a vibration proce su | G4

AT U004, tutzsd by Py e ad?’f%“??%fc;tfdbaéﬁ%hs“gﬁf Rt 8*%??%%%‘70%? PR T2 e

al ternative, pluggrfddaywbs figeRDYednbylteapplwei agbadiprens elfes tsatdd asmmol Rfeen
differential pressure across plugs 72. Referri ng ngw to figure 5, an

al t er nat i veassembhji iseiltustrited apdngenetityr desigmateb 3. aSdBRIRIOE scraensassambdly J3d

Iy desi d 73. d | ; Lne):

oF e 86 haRe o At 3 R s REL S ARTRET B IR, el O SD Wi

t her ear 0“”dtheBaﬁHﬁaedDwgbéédnwhnﬁleb&bgsggéGesi i8 Askbaeys hadidpaiiultepledrisPY @ that
a

ports 76 that serves seal nenber 638 in this enbodinent. Wen _ in a first
position, perve dEGealfmahismhd il this gmbadiment. Yrheapiinie fopepesiien, portsf/6ohslasyes 34

pi pe 56. When in a second positi0 rts.76c0f | eeve 74 align With

openi ngs 5849 fohaliEa W@é’lﬁeﬁ?gﬁ/\ﬁéﬁ??}f’g@%%’% ?@ i etnt'ulgl P gﬁ)gglinf)flbﬂ?rtﬁa(g of
fluid 1 ow GEam 48 diwdhiRnioks 581 Laanbing!56s cwaen stasermal it i 3hé irtdiusition,
interior of sand control sScreen assenbly 73 is prevented, as is fluid flow

from the i nfleiftow front the extetier pHyang fcogiplcrespsianbly 78 de theaiateasiop of sl controh
sleeve 74 is in the cond position,, f 44 d of . t.eri and
control scr%?@a%?@ﬁ%ﬁy@? IFISV?rﬁ‘Lé&? ir:lir%tlg rleJ(E)éj ﬂg#‘p ?Er?ie'r[ gggn%l?%%oﬁﬁ? otﬁé 5 g{f’egg)k of Sand

assenmbly 7345 2kbawedssedly 3.1 Wiheah dléave 74rigrin e séodhé rpositioh Ofltddefl @ fodrh Qhe
of sand control is screen assenbly 73. Sleeve 74 can _be displaced between
the first pesetioronf smil sentseldscresss piseBbhy/3aley theo ey shahe santh soseh sersen
axi al displ ace t.or roetatjo J+ %gﬁp - L. Y

enbodi ment ,&%P%EG’J%F Eg%w%de agq% eﬁrj%@gjglq‘g S erg%?emllt%%oc htegélxgég.wéoorqﬂtssan 6601151}0 1e
not requi r eghoRehREmbRO7ROVEIEeve Tgune teAdiSRactd betiearni the diapi poetiomnad hekond

enbodi ment of a sand 20 control screen asse_rrEIp}/ @1; t he grr esent invention
that is genpesitiorybylesy gemyeationa aneass sych apariab fisplap et ysetaiopal displagementes

a base pi pe@gga %ggﬁ@aa?@omgn@%é@é ol o 8 FeRhvabt deevRGh vALISH e&keggg{ Bt

t hat incl ud I'es of openihgs 136 that are circunferentially sp
t her ear oundarepanetqaired.r ol screen assenbly 132 has a pair of screen

o L3 BaRme oy hpaRich- 88 uR08h i ol e SHMSIR 8%k sana
20 control screen assembly of the present invention that is generally designated 132. Sand
control screen assembly 132 includes a base pipe 134 that has a non perforated section and a
perforated section that includes a series of openings 136 that are circumferentially spaced
therearound. Sand control screen assembly 132 has a pair of screen connectors 138, 140 that
securably and sealingly attach a sand control screen 142 to base pipe 134. Screen
25 connectors 138, 140 may be attached to base pipe 134 by welding or other suitable
technique. Sand control screen 142 may comprise a screen wire wrapped around a plurality
of ribs as described above. Sand control screen 142 is disposed around the section of base
pipe 134 that is not perforated.
Screen connectors 138, 140 attach sand control screen 142 to base pipe 134 such that
30 an annulus 144 is formed between sand control screen 142 and base pipe 134. It should be
noted that centralizers or other support members may be disposed within annulus 144 to
support sand control screen 142 and maintain the standoff between sand control screen 142
and base pipe 134. Screen connector 140 includes one or more fluid passageways 146.

Screen connector 140 also has an upper sealing surface 148. Securably and sealingly
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25 connectors 138, 140 may be attached to base pipe 134 by wel ding or other
suitable technique. Sand control screen 142 nmay conprise a screen wire
wrapped around a plurality of ribs as described above. Sand control screen
142 is disposed around the section of base pipe 134 that is not perforated.
Screen connectors 138, 140 attach sand control screen 142 to base pipe 134
such that 30 an annul us 144 is formed between sand control screen 142 and
base pi pe 134 shoul d noted that centralizers or other support

nmembers HEYP %to S BB%%&HO\P? FRIPENGOROSCL 11445  Jousiygppempers ke Housing arember E¥h

142 and p@HftaRiAndlng 181 @ﬂﬁ%ﬁsfeﬂ?ﬁém%]a%%ﬂQO %9&&3&@'13%%@%&& w%léa%%aw pe
134. Screen connector 140 includes one or nore passageways
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seallngl I 0 C 4

UL AL LB R0 Sk RRTGERRERRLASE ool
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upper S ed within ann s 152 is an annul ar sliding sleeve 154
havi ng a%OQBEW%ﬁ§”§ﬁFF%£@3ﬂ§€ uﬂych is preferably made froma resilient
material such TRgetBér, Sprangt IBEELlideHg FeePOll TARIG schich QosHcS 1P SAFIfoM R aRn@RNdHeUSayl 52
is a spiral wound conBreSS|on sp rlgf 158 that downwardly biases slldlngIe

Y

sl eeve 13alvet6Qthahway bemferrg te 88a seal mgmber- Oneay valyg 166 greyente Bnid dlomnisern

140 form; r y r S
e AN Pt SN MO0 S 18 S L0 R, B0l
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assenbly 132 is prevented. Specifically, the bias force of spring 1 5 and
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downwar dl'y "on eeve sea I Ng “sur sealn
engages sedingngurioe fléé eschlidglpfengages ewalognmaticor 14B46f strhaer ebynectur edAdn tthengay
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fluid flow path wthin sand control screen assenbly L 132. Specifically, the

f1uid30 SoRd eonel sHeampeRblxt 1r38|th@egléérﬂurhﬂowmaé!vMl@ma#aaﬁgowa@e%wﬁ@mfgw
132. Specifically, the fluid flows through sand control screen 142, travels along base pipe 134 in

annulus 144, passes through fluid passageways 146 in screen connector 140 to unseat sliding sieeve

154 from sealing surface 148 of screen connector 140 by compressing spring 158, then travels

around sliding sleeve 154, which may include a fluid bypass (not pictured), in annulus 152 and
25 through openings 136.

Following the downhole treatment processes discussed below wherein fluid flow from the
interior to the exterior of sand control screen assembly 132 is prevented, the ability to flow fluids
from the interior to the exterior of sand control screen assembly 132 may be desirable, for example,
to perform an acid treatment. Accordingly, one-way valve 160 may be designed to lock out or be

30 rendered inoperable under certain conditions such that one-way valve 160 no longer prevents fluid
flow from the interior to the exterior of sand control screen assembly 132. For example, in the
illustrated embodiment, when a sufficient differential pressure is placed across sliding sleeve 154

between the interior and the exterior
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annul us 144, passes through fluid passageways 146 in screen connector 140 to
unseat sliding sleeve 154 from sealing surface 148 of screen connector 140
by conpressing spring 158, then travels around sliding sleeve 154, which

may i ncl ude ' ypass (not pictured), in annulus 152 and 25 through
openi ngs 136. {ngdg\lmgng t he downhol e treatnent processes di%&ré'%%’é’ﬂ‘“ﬁ%‘lz

wherei n fl uiod sibbworitrodrectder assemidyilGR, e cetdneicahislerd bbrindfypssngassagdws) 159 AN
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S Referring nowto figure 7A-7B, therein is d an er enbo
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Chat “has a FORCRERT 6%t 4D GBEY MoneTthes 16 Joisb iRt ol e bt Vekmenat ather uicabla
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control screen assenbly 162 has a pair o creen connect or
secur abl y aofiribes dasgliyedattioreh Sand aotitrelosvraen| 178cis elispotd® atoand) dsesdetipg ot bse

Scr een conn.ectlg{ﬁ_@ﬁ%%ﬁ)agﬁ.%%ﬁ%t be attached to base pipe 164 by wel ding or

ot her suit aBPeé control screen 172 nmay conprise a screen

Wi re wsapped ar og@gerfcdineétly 168, 100 aftddhSsand classlseRRH 12D 9Y SaseF3HE 1 6P M drOfhat
screen 172 is disposed around the section of base pipe 164 that 1s not

per f or at ed. an ensdvsedit do dpratchPetwEeB, saud gortrelawticana Atk codthast pier b6h 1StRedio
base P 0 1 haRil sl Sl Sk ORISR B
fluid passagrpristolthf. uppes whddfyscans cormkitoglly0 isQURb@RSnd ShdnhtRr URBET ERAGIQY
sereen Connrggrtngér :ILS7C()) fclnfnsaal? Oaijnsnlllrlllg lrégn\%% b:la-geobiplc_eblu6s4l Qt%acent to openings 166 and is
20 sealingly coupled to base pipe 164 at its upper end. Disposed within annulus 182 is an
annular sliding sleeve 184. A seal 185 is positioned exteriorly of sliding sleeve 184 to
provide a seal against the interior surface of housing member 180. Likewise, a seal 186 is
{ positioned interiorly of sliding sleeve 184 to provide a seal against the exterior surface of
base pipe 164. Preferably seals 185, 186 are made from a resilient material such as an
25 elastomer or polymer. Also disposed within annulus 182 is a spiral wound compression
spring 188 that downwardly biases sliding sleeve 184.

Together, spring 188, sliding sleeve 184, housing member 180 and base pipe 164
form an annular one-way valve 190 that may be referred to as a seal member. One-way
valve 190 prevents fluid flow from the interior to the exterior of sand control screen

30 assembly 162, as best seen in figure 7A, and is actuatable to allow fluid flow from the
exterior to the interior of sand control screen assembly 162, as best seen in figure 7B.
Specifically, during a treatment process as described below, a differential pressure force and

spring 188 downwardly bias sliding sleeve 184 such that seal 185 is in sealing engagement

with the interior surface of housing member 180 and seal 186 is in sealing engagement with
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menber 180 fornms an annulus 182 with base pipe 164 adjacent to openings 166
and is 20 sealingly coupled to base pipe 164 at its upper end. Di sposed
Wi thin annulus 182 is an annular sliding sleeve 184. A seal 185 is

posi ti oned ‘gptﬁgﬁ‘i/@?{ﬁy of sliding sleeve 184 to provide a gg%}Uﬁg@j]mgﬁ he
1 'S '

interior surtface of housing nmenber 180. Likew se, a seal positioned
interiorly o sltedimarfceeldaidpineol ¢t svhiele peeventsl flaigaflomt frometheximégriar to the

surface of base pipe 164. Preferabl a 1 . 186 e.made frama, .
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to the intertor of sand control screen assenbly 162, as best” seen in figure
7B.  Speci f 18%)lthen traleling groant shdingsleevel 8¢ éstheaedigidy mdupedisastibowf base pipe 164
differenti al dDressure f.orcxf nd spring 188 downwardly bias sliding sleeve
184 such t heid WeeughpRsnings {9P-seal i ng engagement with the interior surface

of housing nenbe figBRk 6A8PB ihavé BeGPAstABEANRBRIRIY anbul sLidfheWeves
2004/ 097167 PCTI Egérgg&??g%8§§% the exterior surface of base pipe 164 i ch
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i ncluding annul ar sliding sleeves 10 154, 184, it shoul.d be understood by
those skilled i nRefesring tneghate #IgUres| Pedd rigy é@ngmﬁﬂ?%g"a%?‘é“e@é@t‘%ﬁ,°f18¥!°ther
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20 are depicted as slots that are circumferentially spaced around base pipe 202. Sand control
screen assembly 200 has a pair of screen connectors 206, 208 that attach sand control screen
210 to base pipe 202. Screen connectors 206, 208 may be attached to base pipe 202 by
welding or other suitable technique. Sand control screen 210 may comprise any type of
filter medium such as the depicted wire wrapped screen which allows the flow of formation
fluids therethrough but which blocks the flow of particulate matter therethrough.

Sereen connectors 206, 208 attach sand control screen 210 to base pipe 202 such that
an annulus 212 is formed between sand control screen 210 and base pipe 202. Coupled to
screen connector 206 is a housing member 214. Housing member 214 forms an annulus 216
with base pipe 202 adjacent to openings 204. Disposed within annulus 216 is an annular
30 ‘sleeve referred to as shuttle valve 218, a biasing member 220 depicted as a spiral would
compression spring and a spring retainer 222 having collet fingers 224. Shuttle valve 218
has a pair of seals 226, 228 positioned on the interior thereof that provide a seal against
sealing surface 230 of base pipe 202. Shuttle valve 218 also has a seal 232 positioned on the

exterior thereof that provides a seal against the interior of housing member 214.
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I s acted upon by a corresponding spring. Referring next to figures 8-9D in
conbi nation, various positions of another enbodinent of a sand control
screen assenbly of the present invention are depicted with the positioned
depicted in fiqur corresponding to the position depicteg.l ' D.
Sand cont.W2®3’P§7éﬁ7 assenbly 200 includes a base pipe 2029?*@15;4?%@5@3 eries
of openi ngs 204 pdaton2d hatvecet eghuttteedalas 24Batng Hdsatpipe 02iis cukéapeentrigald4, A
spaced around base pipe 202. Sand contr ol igrg n :i\sse Qi 200 Qa52® pair. of
screen conmpderbiysofzoes 230 tenbitroghansniags 4> & shehwfle aived 8 BiPPlets A94serpnge
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seal d&ai ns e‘Interior housi ng nenber 214. A plurality of shear pins
244  ext enddjdeentugha gpedictigs igwevadf a dpratmentr poesssesuck 2 argiavehipackl frge packy a

shear pin receiving .grooye.248 in,the exierior surface of base pipe 202.
Base pi pe f(?E“HPgBerﬁTé‘g“%r%ﬁﬁﬁ&aﬁ%ﬂﬁgep%ﬁ% and a collet finger receiving
groove 252. The [R&{AtHeORe 0k cSPAstretut, rehin&Chag beaabatiryu206and LontAOWchRn

described. Figure 9 10 depicts sand control screen assenbly 200 in its
run-in posiassenrhly 3p@cisftiestaiery in Sgure P . r Bnegifisally, spring retainer 222 remains secured to

base pipe 202 with shear pins 244 allowing spring 220 to continue to downwardly bias

20
shuttle valve 218. The fluid pressure created by the returns that pass through sand control

screen 210, annulus 212 and axially oriented passageways 254 in screen connector 206,
however, upwardly biases shuttle valve 218 to unseat shuttle valve 218 allowing the returns
to flow through annulus 216 and slots 204 into the interior of base pipe 202 for return to the
25 surface. Once the treatment process is complete, the bias force of spring 220 will return
shuttle valve 218 to the sealing position depicted in figure 9A. In this position, ﬂuid loss
from the interior to the exterior of sand control screen assembly 200 is prevented as a seal is
created between shuttle valve 218 and sealing surface 230 of base pipe 202 by seals 226, 228
and a seal is created between shuttle valve 218 and the interior of housing member 214 by
30 seal 232. Accordingly, spring retainer 222, spring 220, shutfle valve 218, housing member
214 and base pipe 202 form an annular one-way valve that may be referred to as a seal
member.

When it is desirable fo commence production from the interval adjacent to sand

control screen assembly 200, sand control screen assembly 200 is operated to its production

15



222 is secured to base pipe 202 with shear pins 244. This causes spring 220
to downwardly bias shuttle valve 218 agai nst screen connector 206. In this
position, a seal is created between shuttle valve 218 and sealing surface
230 of base pipe 202 by seals 226, 228. In addition, a seal is created

bet ween shuttle valve 218 and the interior of housing nmenber 214 1s by seal
232. Once sand control screen assenbly 200 is properly positioned downhol e

adj acent to.a production interval treatpent process such as a gravel
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20 it engages pins 236. The scraper tool is then pulled back uphole to operate shuttle valve 218 to
the position depicted in figure 9D. Alternatively, a sleeve having a profile could be positioned
within base pipe 202 and coupled to shuttle valve 218 through slots 214. A too! having the
matching profile could then be run downhole to engage the sleeve and operate shuttle valve 218
to the position depicted in figure 9D.

25 It should be understood by those skilled in the art that while figures 2-9D have depicted
a wire wrapped sand control screen, other types of filter media could alternatively be used in
conjunction with the apparatus of the present invention, including, but not limited to, a fluid-
porous, particulate restricting material such as a plurality of layers of a wire mesh that are
diffusion bonded or sintered together to form a porous wire mesh screen designed to allow fluid

30 flow therethrough but prevent the flow of particulate materials of a predetermined size from
passing therethrough.

Referring now to figure 10, therein is schematically depicted a sand control screen

assembly that is used during fracturing and frac packing treatments. It should be
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As best seen in figure 9D, once the tubing pressure is released, formation
pressure acting on shuttle valve 218 will shift shuttle valve 218 axially
upward.until shuttle valve 218 contacts 10 spring 220 which prevent further
upward novenent of shuttle valve 218. In addition, as keeper ring 234 has
engaged mating profile 250 of base pipe 202, downward novenent of shuttle
valve 218 is also prevented. In this configuration, production fluid may

flow intg base pipe 2., thro . S}l ots 4 uni.nhi bited by, shuttle val ve 218.
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sand control screen )
20 by suitable valves that are opened and closed by conventional means.

Referring now to figure 11, when the treatment operation is a frac pack, the objective is
to enhance the permeability of the treated formation by delivering a fluid slurry containing
proppants 96 at a high flow rate and in a large volume above the fracture gradient of the
formation such that fractures may be formed within the formation 14 and held open by

25 proppants 96. In addition, a frac pack also has the objective of preventing the production of fines
by packing production interval 44 with proppants 96.

In the initial phase of the treatment process of the present invention, the interior of sand
control screen assemblies 40 is filled with a sand plug 96A. This is achieved by pumping
treatment fluid downhole such as a relatively low viscosity oil or water based liquid including a

30 high concentration of solid agents such as sand, gravel or proppants, that wiil fall out of the
slurry relatively easily to form sand plug 96A. Sand plug 96A improves the ability of one-way
valves 70 of sand control screen assembly 40 to prevent fluid flow from the interior to the

exterior of sand control screen assembly 40. In addition, sand plug 96A prevents sand control
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assenbly 42 including one-way valves 70, is positioned within casing 36 and
Is adjacent to formation 16. A service tool 78 is positioned within the
work string 32. As illustrated by the break between service tool 78 and
sand control screen assenblies 40, service tool 78 may be operably
positioned several feet to several hundred feet uphole of sand control
screen assenbly 10 40. To begin the conpletion process, production interval
44 adjacent to formation 14 is isolated. Packer 46 seals the near end of
product i steanraseenbly 494frem deping Kier pragsusestike thaktypicallp eacurs it thecudatfiaofiacture

interval 44 . Li |_SE r lon i nterval 50 | acent, to fornmatio i
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20 reference character 98.
Referring now to figure 13, prior to the point at which fractures 98 no longer propagate into
formation 14, the third phase of the treatment process begins. The treatment fluid used during
this phase may be any suitable fluid such as oil, water, an oil/water emulsion, gelled water or
gelled oil based fluid including a suitable solid agent such as gravel, sand or proppants. In this
25 phase of the treatment process, the solid agents travel into the newly created fractures to prop
the fractures open and create a path of high permeability back to wellbore 34. In addition, the
solid agents fill production interval 44 between sand control screen assembly 40 and casing 36
to form a gravel pack 96C therein which filters particulate matter out of production fluids once
production begins. Upon completion of the frac packing of production interval 44, the valves
30 associated with cross-over ports 90 are closed by conventional means.
Referring now to figure 14, following completion of the first frac packing operation,
service tool 78 is operably repositioned to frac pack formation 16. As illustrated by the break

between service tool 78 and sand control screen assembly 42, the service tool 78 may
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treatment process may not be necessary if sufficient solid agents fall out
of the treatnent fluids 5 during the fracture or frac packing operations.
Referring now to figure 12, once sand plug 96A is deposited in sand control
screen ass@ibbisfief he second phase of the treatnment pro beqgi n.
The treat nent %%u}iﬁd used during the second phase of the t(r:[g(;][%ﬂgﬁ%‘”ﬁ?%ééss,
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16. As illustrated by the break between service tool 78 and sand control
screen asseP®Pymust bet Washed oyt o sanslopontrel gergen gsspmbligs 40046218 seen in figure 18,

PCT/ U5220004/ Q828%01 78 may be used to wash out the sand control screen assemblies 40, 42 and work

string 32.

To wash out sand control screen assemblies 40, 42, liquid is delivered through
( service tool 78 to mix with the solid agents forming sand plugs 96A, 96D. The mixture is
allowed to reverse out of work string 32 via the annulus between service tool 78 and work
25 string 32 as indicated by arrows 105. This process of circulating the solid agents to the
surface and lowering service tool 78 farther into work string 32 continues until substantially

all the solid agents in work string 32 have been removed.
As explained above, different compositions of treatment fluids are used in the above
described method during the different phases of the treatment process. Preferably, the first
30 treatment fluid has a higher concentration of solid agents than the second treatment fluid.”
The first treatment fluid requires a higher concentration of solid agents as it is intended to
place a sand plug in the sand control screen assemblies. The second treatment fluid does not
require such solid agents as it is intended to fracture the formations. Additionaily, the first

treatment fluid preferably has a lower density and lower viscosity than the second treatment
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be several feet to several hundred feet uphole of sand control screen
assenbly 42. Once service tool 78 is positioned, a three-phase treatnent
process simlar to that described above nmay begin. Referring nowto figure
15, the low viscosity treatnent fluid with a high s concentration of solid
agents is punped into sand control screen assenbly 42 to formsand plug
96D. Fracture treatnent fluid is then punped through service tool 78, as

e, 16. The treatnment .f ers

best seen in.figur | ui t e near end 0
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during the different phases of the treatnent process. Preferably, the first
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second tr
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sand contgrhtiser een assenblies. The second treatnent fluid does not
20 Referring now to figure 19, therein is schematically depicted a sand control screen
assembly that is used during a gravel packing treatment. As illustrated, sand control screen
assembly 40 having one-way valves 70 is positioned within casing 36 and is adjacent to
formation 14. Similarly, sand control screen assembly 42 having one-way valve 70 is positioned
within casing 36 and is adjacent to formation 16. A wash pipe 104 extends through work string
25 32 traversing cross-over assembly 106. Cross-over assembly 106 is positioned within work
string 32 adjacent to cross-over ports 90 that include valves therein as explained above.

Sand control screen assemblies 40, 42 each bhave a filter medium associated therewith
that is designed to allow fluid to flow therethrough but prevent particulate matter of sufficient
size from flowing therethrough. The exact design of the filter medium of sand control screen

30 assemblies 40, 42 is not critical as long as it is suitably designed for the characteristics of the

formation fluids and the treatment fluids. One-way valves 70 of sand control screen assemblies

40, 42 may be of any suitable type so
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require such solid agents as it is intended to fracture the formations.
Additionally, the first treatnent fluid preferably has a | ower density and
| ower viscosity than the second treatnent 19 fluid. The | ower density and

| ower vi scosit%/ in the first treatnment fluid allow the solig gﬁﬁnt_s to fall
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of the carrier fluid in the slurry may leak off into formation 14, the remainder of the carrier

fluid passes through sand confrol screen assembly 40 through one-way valves 70, as
{__ indicated by arrows 108. The fluid flowing back through sand control screen assembly 40,
as explained above, follows the paths indicated by arrows 110 back to the surface.

- After the gravel packing operation of production interval 44 is complete, cross-over
assembly 106 and wash pipe 104 may be moved uphole such that other production intervals
may be gravel packed, such as production interval 50, as best seen in figure 21. As the
distance between formation 14 and formation 16 may be hundreds or even thousands of feet
and as there may be any number of production intervals that require gravel packing, there

30 may be a considerable amount of time between the gravel packing of production interval 44
and eventual production from formation 14.

Tt has been found that in conventional completions, considerable fluid loss may occur
from the interior of sand control screen assembly 40 through gravel pack 112A and into
formation 14. This fluid loss is not only costly but may also damage gravel pack 1124,
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30 assenblies 40, 42 is not critical as long as it is suitably designed for
the characteristics of the formation fluids and the treatment fl uids.
One-way val ves 70 of sand control screen assenblies 40, 42 may be of any
suitable type so 20 WD 2004/ 097167 PCT/ U52004/ 008233 | ong as they prevent
fluid flow fromthe interior to the exterior of sand control screens 40,
42. To begin the gravel packing conpletion process, production interval 44

pr oxi mat fQr i Q 4 and production jnterval 50.proxi mate second .
Format | ofrpata ool dar iR dpitol, St Rrsemalif® BSvear: Pt tycbrfluid
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Simlarly, packer 52 seals the near end of production interval 50 and packer
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t el _ o, o 1
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case a fluid slurry containing gravel 112 is punped downhole in work string
32, as iﬁ@‘i"t‘%i%ﬁf@i}em%@ef aCtand into production interval 44 via

Cross-qgver as el V; ] ) Ui
cont i i g ar aer i 3ty <Balitek GAEF £Yis Bl dbbnohnliin ik Sumtd 1. e
gravel lihdicdtedisy ardws 112, ahimd producthordinbenydl ¢8 wip cfosoavdrasseriblph0d dnd Erokd-i ng

the perforations_and prodyction 2Q_interval .44 around sand cqntrol screen
assenbl yOvey Pog? ???r?@ 1@&3@%@5 %ﬁ&ERWﬁ%. Asfbe ELU%QH%Y Coptag grayeilds tpyels i ﬁ%ﬁ

the slurgy erﬁay%f* &ag%&a‘oh el 9 lm; 'g,faoellfh,z a,lag% oGfBE AeLufy ahlSHufRE LbSom

fluid passes throu sand contro reen assenbly 40 through one-vvaybva? ves
70, as fomchation d@. jlingy thewserfo@@ionF hendf pradactiohomteneal i krotihd cagh cemtrid scomenr ol

sct e oSSR s GRLBMNCIAROYS, oLl ove the patie indicated by
production i nigfikakorfté dfsthe oGt AuidCPRR MY map I&kbbir HAS anehidas e, PihRe
104 may be noved uphol e such that other producCtion intervals may be gravel
packed, wumwindes of thecharridrdhvid passes/througd sandcdntol sgeamassembliayddhigh ape-wag
valves 70, as indicated by arrows 118. The fluid flowing back through sand control screen
assembly 42, as explained above, follows the paths indicated by arrows 120 back to the surface.
20 Once gravel pack 112B is complete, cross-over assembly 106 may again be repositioned uphole
to gravel pack additional production intervals. As explained above, using sand control screen
assembly 42 prevents fluid loss from the interior of sand control screen assembly 42 to
formation 16 during such subsequent operations.
As should be apparent to those skilled in the art, even though figures 10-22 present the
25 treatment of multiple intervals of a wellbore in a vertical orientation with packers at the top and
bottom of the production interval, these figures are intended to also represent wellbores that
have alternate directional orientations such as inclined wellbores and horizontal wellbores. In
the horizontal orientation, for example, packer 46 is at the heel of production interval 44 and
packer 48 is at the toe of production interval 44. Likewise, while multiple production intervals
30 have been described as being treated during a single trip, the methods described above are also

suitable for treating a single production interval traversed by a wellbore or may be accomplished

in multiple trips into a wellbore.
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di stance between formation 14 and formation 16 nmay be hundreds or even

t housands of feet and as there nay be any nunber of production intervals
that require gravel packing, there 30 may be a consi derabl e anpbunt of tine
bet ween the gravel packing of production interval 44 and eventual

product i onWDr20fd/493k4¥at i on 14. It has been found that in cdféhrz08#498233
conpl etions, co I8 rEfe aFike
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val ves 70 HO®™ save e exp nse associated with flurd 1oss but

protecy gray et'heﬂéﬁﬁk triteledntihaf dremapponied Aclpinmmendnemphssegy  swnhs swdifjcatioss dor
|l oss. 5 F@ferrlng to figure 22, the process of gravel packing production

i nterval 5embedigepict ed. Wash pipe 104 is now di sposed within sand control
screen assenbly 42. Wash pipe 104 extends through cross-over assenbly 106
such that return fluid passing through sand control screen assenblies 42,

i ndi cated by arrows 118, and travels through wash pipe 104, as indicated by
arrows 120, for return to the surface. 10 The fluid slurry containing gravel
112 is punped downhol e through work string 32, as indicated by arrows 122,
and into production interval 50 via cross-over assenbly 106 and cross- over
ports 92, as indicated by arrows 124. As the fluid slurry containing gravel
112 travels to the far end of production interval 50, the gravel 112 drops
out of the slurry and builds up from formation 16, filling the perforations
and production interval 50 around sand control screen 15 assenblies 42
formng gravel pack 112B. Wi le sone of the carrier fluid in the slurry may
| eak of f into formation 16, the renmainder of the carrier fluid passes

t hrough sand control screen assenblies 42 through one-way valves 70, as

i ndicated by arrows 118. The fluid flow ng back through sand control screen
assenbly 42, as expl ained above, follows the paths indicated by arrows 120
back to the surface. 20 Once gravel pack 112B is conplete, cross-over
assenbly 106 nmay agai n be repositioned uphole to gravel pack additional
production intervals. As explained above, using sand control screen
assenbly 42 prevents fluid loss fromthe interior of sand control screen
assenbly 42 to formation 16 during such subsequent operations. As should be
apparent to those skilled in the art, even though figures 10-22 present the
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25 treatnment of nultiple intervals of a wellbore in a vertical orientation
with packers at the top and bottom of the production interval, these
figures are intended to also represent well bores that have alternate
directional orientations such as inclined wellbores and hot,i
vel | bores. WR2487W3ri zontal orientation, for exanple, pagﬁiﬁ%ﬁ@kﬁ@sﬁ:’ t he
heel of proguchionaildetigsval 44 and packer 48 is at the toe of production
interval 44. Likew se, while nultiple production _iqr%?rval s 30 have been
described as bei g trdasad eentiohgcreer; #gemblyr pesitionabla sty gEAlUCHBR dntsvRle
are also suitabl.e for treating a single production interval traversed by a
wel | bor%e: orc?fﬁQHﬁ‘ég'accorrpl ished in nultiple trips into a wellbore. 22 WO
2004/ 097167 PCT/ Y52Q04HORS2%8at 1Mkt bee dpersng thaeailovonfliid fldve treretbamghbed wi t h
reference to illustrative enbodi nents, i}hi s descri Fiti on is_not_jintended to

t

be consirued in afiltenielivg pewisaned gapHIHE SKSHPT PEAP5hE PO IRBINAER PipRsths!
the ill t i nmbodi t 14 . . o ¢ |
il be apphrenesteiabney syl id ol Mo ORI TPl aliad Py MR

description *édef%rﬁlﬁledtsﬁ@rﬂﬁr@chﬁmghmnded that the appended cl ai ns enconpass
any such rm?:l? Ications or enbodinents. 23 WO 2004/097167 PCT/ US2004/ 008233

Wiat i s clai ned nseal nembeaoperably@sinciased withdbmbasepipfothot ¢radrols Buisloilew hromeh

a production interval. . 2.conprising. ' ]!

openi ng t hathe:gReBiS 44 10F A5 R he sl p bRty RieF ol dafle ot g o
about the eyier b?én Qfnfidhiradtionsthe Se oidnhlost indluding aspsiag pitpiger, taltdasisg fridnitek and
medi um'sel ectively allowng fluid flow therethrough and preventing

particw at eafkhwitle 9flve6 a predeterni ned size therethrough; and 7 a seal
menber operably associated with the base pipe that controls fluid flow
through s the opening of the base pipe, the seal nenber having a one-way
val ve configuratbon amdeaand coatrdlesopan assenfoly as ateitad, int birim eblwlraeeinethe seal
including a spring retainer, a bi asiIJ'i”lg menber and _ 10 Ia shuttle valve. 1 2.
The sand comenmbler de ke RneFEynHAlye SQNRFEREYY PrGYeRSafliid, 0\%2{5@? h¢ prtegapto the
menber in the one- Laur.atd : bl

interi ér to®THEOT %%A%%tser?é?n%@qct%ﬂsag%éﬁ%%%g\gﬁag% r@éﬂlﬂggsgén%l @E%?déﬁgltgv%e
fluid f) ow fi@iart bettexéai emnttob stfeen assembly when the differential pressure between the

5 exterior and the interior of the sand control screen assembly exceeds a predetermined

6 threshold.

1 3. The sand confrol screen assembly as recited in claim 1 wherein the seal’
member in the valve open configuration allows fiuid flow from the interior to the exterior of

the sand control screen assembly and from the exterior to the interior of the sand control

4 screen assembly.

i 4, The sand control screen assembly as recited in claim 1 wherein the spring
retainer is in a first position relative to the base pipe when the seal member is in the one-way

valve configuration such that the biasing member urges the shuttle valve into a sealing

4 position.

1 5. The sand control screen assembly as recited in claim 4 wherein the spring
retainer is in a second position relative to the base pipe when the seal member is in the valve

open configuration such that the biasing member does not urge the shuitle valve into the

4 scaling position.
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4 interior of the sand control screen assenbly when the differenti al
pressure between the s exterior and the interior of the sand control screen
assenbly exceeds a predeternmined 6 threshold. 1 3. The sand control screen
assenbly as ' i.n claim1l wherein the seal 2 nmenber i pen
configurati ‘c))‘{\de% +Ig§\?\%é7?l uid flow fromthe interior to the ex}{b(i/?%ﬂ\%r*}ffﬁg?t he
sand coptrol screéen asBendh§ canttof saaen hssembieas secited nhdaih Sewhereimthe kpring
sand control 4 screen senbl 1.4.. The.sand,cqontrol screen .assenbly as.
recited?in &FEINR B Wﬁ%ﬁ”iﬁ)ﬁ S‘?%é/dsglr fhpass piRg g’iltr]?eq(?[rifa??ior'i‘e EIF?rr%‘P ‘ﬁg?? Elﬁ/eoﬁpnng
relative to ; I8yt he seal nenber is in the one-way 3 valve
confi gusr ati 5%1@@812%%?;%% t he bi asi ng nmenber urges the shuttle valve into a
sealing 4 position. 1 5. The sand control screen assenbly as recited in
claim4 wherein the sprin 2 retainer is in a secgnd.posi.tign relatjve to
the base pipe whén thérhSesgPd FORERY STTEET FFSERRIY, &Y (78! e‘g lgﬁimgn‘?’{lﬁrﬁ}l’ai CotPring
such that tha biasi D IRIGRm IREFriBostidtid DR hbid bBsivish Wy Bt HpiRstiodt of
seal i ng2 pos?‘?‘?@heﬂzg&\f\o 2004/ 0971670§PCT/ us2004/ 00823? 1 6. \tﬁ[he szfai)rlljd1 C(l)%t rgola1
screen asseitiyg pessuecivitbh the bedegiipe.5 wherein the spring 2 retainer is

rel easably secured to the base pipe with at | east one shear pin when the
spring 3 retainer is in the first position. 1 7. The sand control screen
assenbl y as reci ged i Ayel @hiB3nibPE@E hAemBRF hilGecitdd R LARES \i_/ﬁereiﬂetrh@ts%ging
fromthe first position to the second position by the application of a

t ubi ng pr essetsiRemistshéured hethiodmee pippovitt atgleastione saliet fonger mdlendbe singstantd ig
as recited in claim5 wherein the spring 2 retainer is secured to the base
pi pe with atn thesegondpOSItEN] et fi nger when the spring retainer is 3 in the
second position. 1 9. The sand control screen assenbly as recited in claiml
wherein the shuttle 2 valve has a sealing Eosition and a non sealing

posi ti on when t hé&. seaThreabd contgoli seredneasgerably s ggpitedain elagnnk waredn it shuttle

10. The sand control Sscreen.,.asse heci .0 .Ccl ai erein th
shuttl & 2 VAVG&ahase m&i@éﬁ}ownﬁrﬁg%?{?l?g%d@g@%’%g%E%?ﬁhgr]é%%\i?@e‘?"s“ilﬁ 14 ﬁlﬁ’ one-
val ve open gﬁz%g,grcgﬁﬁ@ﬂaﬁdn_ll. The sand control screen assenbly as recited
in claim10 erein the shuttle

1 10.  The sand control screen assembly as recited in claim 9 wherein the shuttle
2 valve has a disabled position when the seal member is in the valve open configuration.

1 11. The sand control screen assembly as recited m claim 10 wherein the shuttle
'2 valve is secured to the base pipe with a keeper ing when the shuttle valve is in the disabled
3 position.

1 12. The sand control screen assembly as recited in claim 10 wherein the shuttle
2 valve is operated to the disabled position in response to a differential pressure above a

predetermined threshold between the exterior and the interior of the sand control screen

4 assembly.
1 13. The sand control screen assembly as recited in claim 10 wherein the shuttle
2 valve is operated to the disabled position by mechanically shifting the shuttle valve relative

3 to the base pipe.
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2 valve is secured to the base pipe with a keeper ring when the shuttle
valve is in the disabled 3 position. 1 12. The sand control screen assenbly
as recited in claim 10 wherein the shuttle 2 valve is operated to the

di sabl ed pogi.t L{x,f esponse to a differential pressure aheqg;
POR 97167 . . : 0047008233
pr edet er m ne "Jtoﬁ‘{r)oesﬁol d between the exterior and the interior of the sand

control, screen 44assdnahg conird3creFhesssandy eonprghgscr een assenbly as
recited in claim 10 wherein we. sgﬂf:tgl & val ve is o}perat.gd élg tche ﬁfgsab .ed
posi ti on by mechaHituarerpRrAayng SEHEHHE PoSIFE Y Pelidt FUEY 4 354 OP ARSTRGG
pi pe. 25 WD 2004/ 097} GhcRal HSRAAA08823s 1y hrokthd theS@BOAlaE AéMBIr SEABRA a first

assenbly conprising: 2 a tubular nenber having at | east one fluid passageway
in a sidewabhmdaatgion withehebfoula nzempbart er medi um positioned exteriorly

around the tubul ar menber .defining.a, first, .4 .anqular regi.on.with th

tubﬂl ars m&*rrb(l;r?J 8 hgusipg, BPHEC @s%xf‘igb%g{dérgﬁ?%meo%ﬁ}yﬂa&lg@ﬁggIfl?ﬁmﬁm%%L?F%Q’n%n%%é?

defining a f&g&%ﬂﬂﬁ%ﬁgmﬁeﬁggﬂ;gﬁdwm the tubul ar nenber; and 7 a seal
10

menber posi ned within the second annulus, the seal nenber having a one- s
way valve confi gusedlincembercpoaiticabd svithpe thecwsadndyamatl s the $dab msedier havibgra one-
including a spring 9_.retainer, a biasin nmber and a shuffle.valye the
spring ¥ et aMagValE sPRGEWARET &1d 7 ¥aiveOBRn %‘fg‘%ué‘%é%’ Slée §e8f Paher B’tﬁ'ﬁﬁnﬁ”r@ nBERE
when the sealoiBbeliads hibndthe B00r WRKUY hNe, BRI RLIE habdng Uohkst Paditibhe
bi asi ng’ nenber” ufges the shuttle valve into a sealing position, the spring
12 ret @ ner rdiativierty the sibobundnguasirtvlem the|sealimember i e theugns-weay velvb eonfigemtione
seal menmber is in .13 the val ve open fiayration. such_that the.biasing.
renber s Sidt a1 bRENGITIRPE ey e Tk g BTt dpdanl sbfiom, 15é FPae
The sand Coﬁzttz{iﬂér 1BGTRENsREaE PhlitlodFelitefd foaRe tibuldrdhdmBed WY Bk Bod REerSBa is i
menber “in the one-way val ve configuration prevents fluid | oss fromthe
interigr tothehalvelomsat @mfiguraiontsueh skt dhe bresing| membeedprasios vpges  therituitlel valge
fluid flow fromthe.exterior to the 4 interior of the sand control screen
assenbly \/\h%"ﬁgﬁ BERASUIY al pressure between the 5 exterior and the
interior of the sand control screen assenbly exceeds a predetermned 6

threshold. 1 16. The sand control screen assenbly as recited in clajm14
wherein the seal 15. The sand control screen assembly as Tecited in claim 14 wherein the seal

2 member in the one-way valve configuration prevents fluud loss from the interior to the
3 exterior of the sand control screen assembly and allows fluid flow from the exterior to the
4 interior of the sand control screen assembly when the differential pressure between the
5 exterior and the interior of the sand control screen assembly exceeds a predetermined
6 threshold.

Lo 16. The sand control screen assembly as recited in claim 14 wherein the seal
2 member in the valve open configuration allows fluid flow from the interior to the exterior of
3 the sand control screen assembly and from the exterior to the interior of the sand control
4 screen assembly.

1 17. The sand control screen assembly as recited in claim 14 wherein the spring
2 retainer is releasably secured to the base pipe with at least one shear pin when the spring
3 retainer is in the first position.
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2 menber in the val ve open configuration allows fluid flow fromthe interior
to the exterior of 3 the sand control screen assenbly and fromthe exterior
to the interior of the sand control 4 screen assenbly. 1 17. The sand
control scr&s%%@? ly as recited in claim 14 wherein thepsidddgos/608233
retainer is releasably secured to the base pipe with at |east one shear pin
when the spring 18 reflhe send centiel scteen fassesbly @5 iresitsd. inpgaippl 4 ovlagremthg 7spring

PCT/ US2004/ 008233, 1 18. The sand.cont r.ol r .y as recited in claim
T4 whorei n fHEngoEioRgras! AGPL e Gogepap et et ool B BEarbishtert of it
second posi tj| ARRIth6BidePedf a 3 tubing pressure within the base
pi pe. 15319.%]1])2@]?%% control scrgg?] assenbly as recited in claim 14 wherein
the spring 2 retainer is secured to the base pipe with at | east one collet

f wh h [ ' ' [ ijtion, 1. 20. Th d
controlt Sar cen: albenbiye et Berrdlaershn sty SRR Uhint dn fucitin SRR

has a seal | ARLROS bARePihnd HANIDIDERHI 16@PbAE COLIMIct MbeR e spraIbRkaihs: isn

the one- 3 way valve configuration. 1 21. The sand control screen assenbly
as recifed imthekedomddOsither ein the shuttle 2 valve has a di sabl ed position
when the seal nenber is in the valve open configuration. 1 22. The sand
control screen assenbly as recited in claim21 wherein the shuttle 2 valve
is secured to thgybasenpisped WhitholackeRRefentipes WaRdtiAG15h11 4 Whe¥dth Re ERutt
the disabled 3 position. 1 23. The sand control screen assenbly as recited
in claim 21viiheheas n s¢diegpositioneand 2 vl sealing pespidon when the s¢ad nginskeslis i the one-
position in response to a.differential pressure above a 3 predeterm ned
threshol d beeyasle cAIEREN ™ or and the interior of the sand control screen
4 assenbly. 1 24. The sand control screen assenbly as recited in claim21
wherein the shuttle 2 valve is operated tqQ the disabled position_by
mechanical |y shi 2t.i ngThasanthoentral sgegey @syeribdy ay secitgdrip claim PHhadepipihe shutidp
2004/ 097167 RCT} US2004/ 09853 %on dhértheAe AMBROLSs H SRVARRopHE LA | ST N

the steps oyalvehasa

1 22.  The sand control screen assembly as recited in claim 21 wherein the shuttle
2 valve is secured to the base pipe with a keeper ring when the shuttle valve is in the disabled
3 position.

1 23. The sand control screen assembly as recited in claim 21 wherein the shuttle
2 valve is operated to the disabled position in response to a differential pressure above a
3 predetermined threshold between the exterior and the interior of the sand control screen
4 assembly.

i 24.  The sand control screen assembly as recited in claim 21 wherein the shuttle

2 valve is operated to the disabled position by mechanically shifting the shuttle valve relative

3 to the base pipe.
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2 locating a sand control screen assenbly within a production interval of a
wel | bore; 3 punping a treatnent fluid into the production interval; 4
allowing fluid returns to enter the interior of the sand control screen
assenbly with a menber including a spring retai ner ., nber
and a shut tWQz\()‘%\‘VQ%I f the sand 6 control screen assenbly t &2?@/?(%2593
one-way, val ve cop§| QU[Aa&dvﬂﬂ}olgnmamnhemgdfcbmpdsmg&he stepsof:he interior to

t he exterlor of the sand contro] screen ssenbly with the s
the sand control lasetiegn Sﬁ@%ﬁ’ﬁpkﬁcﬁﬁ’nte‘ﬁ%ﬂ@?\lbﬁ 1.9 cﬂgné%tﬁﬂagafaﬂ%fﬁzorqo

operating the seal ff"Fyf“e (eTal=F] lot& {%gvrgll guration to a valve
open 21 confi gupg?g%%% h{l%g] 1(glvm(g]ng ?g%ﬁcotl gn fluids to enter the
interiogf of the spRYingdhiid etuss teencntieanisipr oﬁ}@ﬁsanamenmn mmsemblymﬂhlan

claim 25 wherelnthe step of allowing flujd return ﬁnter gr};[erlor
of the sandseabmengicr do¢l QSS%HBI“;’;& Erit 128188 B e?n f sppitlezghye ogthe sand
control screen assenbl WAV LG BB gation further

conpri ses of) fs?]rﬁeq eﬁﬁlﬂtﬁa&?‘%ﬁf‘f vgyfromca s%‘!ug?ng position to a non
seal i ng, posi ti onpphertidghenid fose femi |thd: 1teeies e ehe $xtmeﬁow\eﬂnﬂ1bmanéx¢oentnod)rscmd
the interior of Fhe sand contr ol scr een assenbly exceeds redeterm ned
threshal d. dss@mblyTwishithe Fesd mesnbes Of thg spad EPRITh SSteshssem Yt Sty valve
al | owi ng f|UI returns 2 to enter the interior of the sand control screen
assenmbly wh& W menber of the sand 3 control screen assembly is in a
one- way, val ve COB]BérQﬂ;&EgﬁtheoibaI wieniter fromnthe see-vayevaoericonfigutatiore thiaasali@open
of the bi as'@% rrenber 1 28 The nethod as recited in claim?25 wherein the
step ofi ope¢ 2 menber fromthe one-way val ve configuration to
a val ve open cony § to EnePHRILRAS: SPRLKhdhriol Blrln REmBY ©
above & predet er %ﬁlﬁttph(?&égﬂbﬁgnﬁ |n a base pf pe of c e sand cgntr
screen assenbly. 1 29. The nethod as recited in claim 25 V\/nerel n the step of

operating the seal 2 nmenber fromthe. one- val ve onfiquration ve
open configuratié® f u Tep&pethogl %ﬁ?ﬁf’?‘ﬁg’s‘[’}%ﬁﬁg ISR %B@P%Sa;ﬁ@f"g% pidcTe ﬁ’ﬁ?’
first positjo B8] Rbrebh asseaiMly wh ﬁ%&é 0 el @ &IF
assenblzy to{ a&géergg"%dh{égig%tg?gl}]eb?%aatl ve toret he base pi > 28a V% 2004/ Otggls%r%d

PCT/ US2004/ &ﬁﬁﬁ)’.ﬁcﬁ:@n aé'demblyetshnd as-wae valvel configiration wheerepuises [pperitiog thd

operat| ng t shh%tt?e valve from a sealing position 1o a non sealing position when the differential pressure

between the exterior and the interior of the sand control screen assembly exceeds a

6 predetermined threshold.

L 27.  The method as recited in claim 25 wherein the step of allowing fluid returns
2 to enter the interior of the sand control screen assembly when a seal member of the sand

(3 control screen assembly is in a one-way valve configuration further comprises overcoming
4 the bias force of the biasing member.

i 28.  The method as recited in claim 25 wherein the step of operating the seal
2 member from the one-way valve configuration to a valve open configuration further

3 comprises applying a tubing pressure above a predetermined threshold within a base pipe of

4 the sand control screen assembly.

1 29.  The method as recited in claim 25 wherein the step of operating the seal
2 member from the one-way valve configuration to a valve open configuration further
3 comprises shifting the spring retainer from a first position relative to a base pipe of the sand

4 control screen assembly to a second position relative to the base pipe.

28



——

2 menber fromthe one-way valve configuration to a val ve open configuration
further 3 conprises operating the shuttle valve to a disabled position. 1
31. The nethod as recited in claim30 wherein the step of operating the
shuttle 2 valve to a disabled position further conprises applying a

di ff erent i aWOR0BEATI® above a 3 predetermi ned threshold bé’rép\i\% 08‘1%08233
exterior and the interior of the sand control screen 4 assenbly. 1 32. The
method as recited in claim30 wherein the step of operating the shuttle 2
val ve t0 a di sablgd pasietihethod as trégtedcimplairaedd mbeteamitbalsiep shoparatigs tthe seal

shuttle valve relative 3 to a ba?e pi gg of .t he sand.contr ol screen.
assenblzy. 2fember from the one-way valve CO guration to~a valve open configuraiion further

3 comprises operating the shuttle valve to a disabled position.

1 31.  The method as recited in claim 30 wherein the step of operating the shuttle
valve to a disabled position further comprises applying a differential pressure above a

predetermined threshold between the exterior and the interior of the sand control screen

4 assembly.

N 32, The method as recited in claim 30 wherein the step of operating the shuttle
valve to a disabled position further comprises mechanically shifting the shuttle valve relative

3 to a base pipe of the sand control screen assembly.
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